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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

In the Matter of:
Docket No.  63-001
U.S. DEPARTMENT OF ENERGY

(High Level Waste Repository)

DECLARATION OF DR. ALVIN MUSHKATEL

1. My name is Dr. Alvin Mushkatel. I am a partner in Urban Environmental Research,
LLC (“UER”). My business address is 1120 North Town Center Drive, Suite 100
Las Vegas Nevada.

2. T am also employed by Arizona State University Polytechnic Campus as a Professor
of Environmental Policy. My business address there is: Department of Applied
Biological Sciences, Arizona State University Polytechnic Campus, 7001 Williams
Field Road, Mesa, Arizona 85212.

3. Thave 31 years of professional experience in the field of environmental studies and
policy.

4. My curriculum vitge is attached hereto, and is summarized, in relevant part, as
follows:

a. I have been actively engaged in research and public service in the field of
emergency Mmanagement and disaster research since 1978,

b. Iserved as a consultant to the State of Nevada’s Nuclear Waste Project Office
from 1986 through 1993, and currently am a consultant through my company
to Clark County’s Nuclear Waste Division.

c. I am the founder and Director of the former Office of Hazards Research, at
Arizona State University.

¢. I have authored or co-authored 5 books examining either facets of high-level
nuclear waste policy or on topics related to émergency management and
evacuation, as well as over thirty five articles and book chapters, twenty
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monographs, and over thirty technical papers and proceedings.

f| Ihave served as a consultant to the Federal Emergency Management Agency,
the Department of Energy, the Arizona Department of Environmental Quality,
the Arizona Govemnor’s Office, and the Arizona Division of Emergency
i Management.

g I have served on numerous Federal and State commissions aimed at
improving governmental preparedness and response to hazard incidents.

h. At Arizona State University I have taught a variety of classes but over the last
ten years environmental policy and NEPA and the EIS process have been my
primary focus.

5. I'have been retained by Clark County, Nevada in connection with the potential siting
of a high level radioactive waste repository at Yucca Mountain near Clark County,
Nevada, and to assist Clark County with the preparation of contentions regarding
inadequacies of the application, including inadequacies of the environmental impact
statements.

6. I am familiar with the National Environmental Policy Act and its respective
implementing regulations, as well as the regulations of the Council on Environmental

Quality.

7. I bhave reviewed and am familiar with aspects of the Department of Energy’s license
application for this proceeding, including the DOE’s Environmental Impact
Statements.

8. CLK-NEPA-001 was prepared by me or under my supervision. The information
contained therein is true and correct to the best of my knowledge and belief.

STATE OF ARIZONA
COUNTY OF MARICOPA )

otary Public,/in and for faid
unty and State
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CURRICULUM VITAE

ALVIN H. MUSHKATEL
678 East Kyle Drive
Gilbert, Arizona85296
(480) 699-0449
Current Position:
Professor of Environmental Policy
Department of Applied Biological Sciences
Arizona State University East
7001 E. Williams Field Road Building 130
Mesa, Arizona 85212
(480) 727 -1311, Fax: (480) 727 - 1236
Birth Place: Cleveland, Ohio
EDUCATION
B.A. Ohio State University, 1967, Political Science
M.S. University of Oregon, 1970, Political Science
Ph.D. University of Oregon, 1975, Political Science
DISSERTATION: "The Effects of Annexation: A Model and Preliminary Investigation." - 1975
ADMINISTRATIVE EXPERIENCE
Coordinator, Bachelor of Science in Planning Program, Arizona State University, 1999-2000
Director, Doctor of Public Administration Program, Arizona State University, 1995 - 1996

Director, Office of Hazards Studies, Arizona State University, October 1989 - 1995

Director, Applied Urban Research, Division of Urban Studies Center, Arizona State University, 1984 - October
1989.

TEACHING AND RESEARCH EXPERIENCE
Professor of Environmental Policy, Arizona State University East (Polytechnic)
Professor of Planning, Arizona State University, Tempe, AZ. 1997 - present.
Professor of Public Affairs, Arizona State University, Tempe, AZ. 1985 — 1996.
Courtesy Appointment as Professor of Political Science, 1985 - 1993.
Associate Professor of Public Affairs, 1980-1985.
Courtesy Appointment as Associate Professor of Political Science, 1981-1985.

Arizona State University, Tempe, AZ. Tenured 1983.



Research Associate, Urban Studies Center, Arizona State University, Tempe, AZ. 1981 - 1983.
Assistant Professor of Political Science, University of Denver, Denver, CO. 1977 - 1980.

Assistant Professor of Political Science, University of Missouri, St. Louis, MO. 1975 - 1977 (Joint appointment
in Extension).

Assistant Professor of Political Science, St. John's University, Collegeville, MN. 1973 - 1975.

Research Fellow, Center For The Study of Local Government, St. John's University, Collegeville, MN.
1973 -1975.

Director of Internship Program, St. John's University, January 1973 - 1975.
Teaching Assistant, University of Oregon, 1971 - 1973.
Research Fellow, University of Oregon, 1969 - 1970.

RESEARCH INTERESTS

Environmental Policy and Planning

Affordable Housing and Housing Opportunities for the Homeless
Public and Stake Holder Involvement in Policy Making

The Role of Risk Perceptions in Policy Making

Policy Evaluation

Land Use Planning and Policy Environmental Policy
Technological Hazards Policy

Emergency Management

COURSES TAUGHT

Undergraduate: Environmental Impact Assessment
Housing Policy and Analysis
Environmental Policy and Planning
Urban Planning - Urban Policy
Urban Politics - Urban Governance
Intergovernmental Relations
Introduction to Public Policy
Introduction to American Government
Public Policy Processes and Issues
State and Local Government
Introduction to Political Science
Introduction to Political Analysis

Graduate: Environmental Impact Assessment
Core Doctoral Class in Research Methods
Environmental Policy and Management
Core Doctoral Class in Public Policy Analysis & Evaluation
Core Masters Class in Research Methods
Core Masters Class in Public Policy
Housing Policy
Growth Management Planning & Administration
National Urban Policy
Seminar in Urban Politics



Governmental Finance Management
Urban Management and Administration

AWARDS, HONORS AND SPECIAL SERVICE

Member, Committee on the Evaluation of Chemical Events at Army Chemical Agent Disposal Facilities,
National Academy of Sciences/National Research Council. April 2001-2002

Member, Committee on Alternatives for Controlling the Release of Solid Materials from Nuclear Regulatory
Commission — Licensed Facilities, National Academy of Sciences/National Research Council. October 2000-
2002.

Member, Committee to Assess the Policies and Practices of the Department of Energy to Design, Manage, and
Procure Environmental Restoration, Waste Management, and Other Construction Projects, National
Academy of Sciences/National Research Council. June 1998 — September 1999.

Member, Committee on Review and Evaluation of the Army Chemical Stockpile Disposal Program. National
Academy of Sciences/National Research Council,

1992 - 1995. Reappointed 1995 - March, 1999

Member, Panel on Review and Evaluation of Alternative Chemical Disposal Technologies, National Academy
of Sciences/National Research Council. September 1995 - July 1996.

School of Public Affairs, Public Service Excellence Award (co-recipient), for the Phoenix Housing Condition
Evaluation. April 26, 1996.

Recipient, Governor's Spirit of Excellence Award in Public Service. October 1995.

Recipient, Presidential Multi-Disciplinary Team Award for Excellence in Public Service -- Bronze Award for
Phoenix Housing Inventory Study. March 1995.

Member, Committee on Decontamination and Decommissioning of Uranium Enrichment Facilities, National
Academy of Sciences/National Research Council. December 1993 — 1995.

Member, Arizona Department of Environmental Quality Cleanup Standards/Policy Task Force. August 1994-

Member, Arizona Corporation Commission Advisory Committee on Externalities from High Voltage
Transmission Lines. June 1993 - December 1993.

Member, National Institute of Building Sciences, Building and Science Commission Advisory committee on
Standards for Rehabilitation of Existing Structures. May 1993- December 1994.

Recipient, School of Public Affairs, Leg of the Stool Award for Excellence in Research, 1993.

Member, Arizona Council for Earthquake Safety. Appointed by the Governor, February 18, 1993-1995.

Member, Department of Energy-HQ Public Participation Seminar Series Panel, Public Trust and Confidence:
What Do The Data Tell Us? Washington, D.C. February 16 - 17, 1993. (One of four academics chosen to

participate.)

Member, Arizona Department of Environmental Quality. State Long-Term Improved Management
Implementation Advisory Committee, 1992 - 1994.

Member, Arizona Commission on Earthquake Safety. Arizona Division of Emergency Services, 1992.



Recipient, College of Public Programs. Leg of the Stool Award for Outstanding Achievement for Public
Service, 1991 - 1992.

Member, Committee on Earthquake Engineering of the Commission on Engineering and Technical Systems.
National Academy of Sciences/National Research Council, 1991 - 1992.

Member, National Academy of Sciences/National Research Council. Panel on Assessing the Impact of the
National Earthquake Hazards Reduction Act of 1977, 1988 - 1992.

Member, Technical Advisory Committee. Committee on Establishing Priorities for Seismic Rehabilitation of
Buildings. Federal Emergency Management Agency, 1988 - 1989.

Member, National Academy of Sciences, Committee on Earthquake Engineering. Panel on Seismic Policy
Adoption and Implementation, 1986 - 1989.

Member, National Academy of Sciences, Committee on Earthquake Engineering, Panel on Earthquake Loss
Estimation Methodology. Chair sub-panel on State and Local Government User Needs, 1985 - 1987.

Member, Phoenix Community Development Steering Committee. Appointed by the Mayor, September
1985 - 1989.

State of Arizona Representative to the Western States Seismic Policy Council, 1984 - 1985.

Recipient, College of Public Programs. Leg of the Stool Award for Outstanding Achievement for Research,
1983 - 1984.

Member, Technical Advisory Panel, Central United States Earthquake Preparedness Project. Region VII
Federal Emergency Management Agency, September 1983.

Member, State Urban Lands Advisory Committee. Appointed by the Governor, September 1982.
Research Fellow, Center for the Study of Local Government. St. John's University, January 1975 - July 1975.
Co-Chairperson, Graduate Student Political Science Association. University of Oregon, 1972 - 1973.
Recipient, Office of Economic Opportunity Scholarship, 1967.
President's Scholarship Award, 1967.

GRANTS AND CONTRACTS AWARDED (SELECTED)

“The Phoenix Housing Quality Survey” City of Phoenix, Neighborhood Service Department Project Director
and Principal Investigator ($204,000) June 2004-June 2005.

An Evaluation of Impact Resulting from the Shipment of High-Level Nuclear Waste Through Clark County,
Nevada”. Co-principal Investigator, Clark County, Nevada Nuclear Waste Division ($485,000) July 2004-
June 2005.

An Evaluation of Impact Resulting from the Shipment of High-Level Nuclear Waste Through Clark County,
Nevada”. Co-principal Investigator, Clark County, Nevada Nuclear Waste Division ($450,000) July 2003-
June 2004.

An Evaluation of Impact Resulting from the Shipment of High-Level Nuclear Waste Through Clark County,
Nevada”. Co-principal Investigator, Clark County, Nevada Nuclear Waste Division ($425,000) July 2002-
June 2003.



“An Evaluation of Impact Resulting from the Shipment of High-Level Nuclear Waste Through Clark County,
Nevada”. Co-principal Investigator, Clark County, Nevada Nuclear Waste Division ($350,000) July 2001 —
June 2002.

“Technological Hazards, Vulnerable populations, and Emergency Management Capacity on the US/Mexico
Border” with Robert Bolins, Co-principal Investigator, submitted to Southwest Center for Environmental
Research and Policy ($52,000, July 2001- present).

“ An Evaluation of Impacts Resulting from the Shipment of High-Level Nuclear Waste Through Clark County,
Nevada” Co-principal Investigator, Clark County, Nevada Nuclear Waste Division ($325,000) July 2000 —
May 2001.

“An Analysis of Public Views’ of Property Values and the Shipment of High-Level Nuclear Waste” Co-
principal Investigator, Nuclear Waste Project Office, Nevada ($10,000) September 2000 — May 2001

“ An Assessment of Property Value Diminution Resulting from the Shipment of High-Level Nuclear Waste
Through Clark County, Nevada” Co-principal Investigator, Nuclear Waste Project Office, Nevada ($35,000)
May 2000 — August 2000.

“ A Review and Assessment of Potential Impacts from High-Level Nuclear Waste Shipments” Co-principal
Investigator , Clark County, Nevada ($108,000) May 1999 — May 2000.

“An Evaluation of Assisted Housing Concentration in Phoenix: The Role of Contextual and Environmental
Factors” Arizona Department of Health Services. October 1999 — October 2000 ($7500).

"An Evaluation of Housing Programs for the Severely Mentally Il : The Continuum of Care Reassessed" with
ComCare, Phoenix, Arizona, to Substance Abuse and Mental Health Service Administration, Health and
Human Services. October 1997 — August 1998 ($150,000).

"The Destruction of Chemical Weapons and Citizen Involvement in the U.S. and Russia: A Linkage Grant."
with David Kossan. Submitted to NATO's Committee on Science and Technology, Brussels, Belgium.
($24,750 funded and declined)

"Soil Remediation Workshop." U.S. Environmental Protection Agency and the Arizona Department of
Environmental Quality Funding for the workshop -- 165 participants. May 2, 1996.

"Hazardous Waste Minimization Workshop." U.S. Environmental Protection Agency Funding for the workshop
on pollution prevention -- 54 participants. February 15, 1996.

"State Institutional Impacts from the High-Level Nuclear Waste Repository". Co-principal Investigator. Nevada
Nuclear Waste Project Office ($17,500). March 1994 - January 1995.

"Hazardous Waste Minimization Workshop." U.S. Environmental Protection Agency Funding for the workshop
on pollution prevention -- 51 participants. April 1995.

"Urban Impacts and Land Diminution". Co-principal Investigator. Nevada Nuclear Waste Project Office
($15,000). March 1994 - January 1995.

"The Phoenix Housing Condition Inventory." Co-principal Investigator. Phoenix Department of Housing and
Neighborhood Improvement ($100,000). May 1994 - June 1995.

"Hazardous Waste Minimization Workshop." U.S. Environmental Protection Agency Funding for the workshop
on pollution prevention -- 82 participants. May 1994.



"The Relationship Between Political Trust and Risk Perceptions." Co-principal Investigator. Nevada Nuclear
Waste Project Office ($42,500). Continuation of examination. May 1992 - June 1993.

"An Institutional Analysis of Emergency Response In The U.S. - Mexico Border Region." U.S. Environmental
Protection Agency with Southwest Center For Environmental Research and Policy ($34,000). 1992 - 1993.

"Emergency Services and Cooperative Arrangements for Esmeralda County". Esmeralda County, Nevada
($15,000). April 1993 - October 1993.

"Hazardous Waste Minimization Workshop." U.S. Environmental Protection Agency and the Arizona
Department of Environmental Quality ($2,500). September, 1992. Funding for workshop on hazardous
waste minimization -- 85 participants.

"The Relationship Between Political Trust and Risk Perceptions: A Survey of Las Vegas Metropolitan
Residents." Co-principal Investigator. U.S. Department of Energy and the Nevada Nuclear Waste Project
Office ($18,500). May - September 1992.

"Emergency Response Capacity to High-Level Nuclear Waste and Hazardous Materials Transportation incidents
in Esmeralda County". Co-principal Investigator. Esmeralda County, Nevada ($15,500). October 1991 -
September 1992.

"The Completion of the Nevada State Comprehensive Emergency Management Plan." Nevada Division of
Emergency Management ($15,400). April - September 1992.

"The Relationship Between Political Trust and Risk Perceptions." Co-principal Investigator. Nevada Nuclear
Waste Project Office ($17,250). December 1991 - April 1992.

"Analysis of Small Quantity Generators of Hazardous Waste." Co-principal Investigator. Arizona Department
of Environmental Quality ($8,500). 1991.

"An Analysis of University Trust Lands Funding Eminent Scholars At The Arizona Universities." Funded by
the Office of the Vice President for University Relations ($10,000). 1991.

"Hazardous Waste Minimization Practices and Regulation.”" Co-principal Investigator. U.S. Environmental
Protection Agency and the Arizona Department of Environmental Quality ($9,990). May - October, 1991.

"Dimensions of Trust Perceptions In Siting Hazardous Facilities." Co-principal Investigator. Nevada Nuclear
Waste Project Office ($2,750). 1991.

"Risk Perceptions and Guidelines For Siting Noxious Facilities." Co-principal Investigator. U.S. Environmental
Protection Agency through the Southwest Center for Environmental Research and Policy ($14,000). June
1991 - May 1991.

"Hazardous Waste Minimization in Arizona." Co-principal Investigator. Arizona Department of Environmental
Quality ($2,470). February 1991. Funding for workshop on hazardous waste minimization -- 85 participants.

"Relocated Client Satisfaction Survey: Phase II." Phoenix Neighborhood Improvement and Housing
Department ($2,970). October 1990 - May 1991.

"The Development of the Nevada State Emergency Management Plan." Nevada Division of Emergency
Management ($17,890). October 1990 - June 1991.

"A Survey of Tourist Activities in Arizona." Co-principal Investigator. Intergovernmental Agreement Contract,
Arizona Office of Tourism and Northern Arizona University currently ($77,059). October 1990 - June 1991.
Extension of Grant, June 1991 ($3,500).



"Nevada Urban and Rural Residents' Perceptions of The High-Level Nuclear Waste Repository." Co-principal
Investigator. Nevada Nuclear Waste Policy Office. ($24,000). December 1990 - June 1991.

"Relocated Client Satisfaction Survey." Phoenix Neighborhood Involvement and Housing Department ($3,015).
May 1990 - July 1990.

Special Issue of Policy Studies Review on Nuclear Waste Policy. Nevada Nuclear Waste Policy Office
($6,800). September 1990.

"An Urban Impact Report: Citizen Risk Perceptions of the High-Level Nuclear Waste Repository." Co-
principal Investigator. Nevada Nuclear Waste Policy Office ($35,000). August 1989 - July 1990.

"The Regional Land-Fill Study in Maricopa County." Co-principal Investigator. Maricopa Association of
Governments ($75,000). March 1990 - July 1990.

"A Market Survey of Tourists in Arizona." Co-principal Investigator. The Arizona Office of Tourism
($55,000). October 1989 - October 1990.

"An Evaluation of the Dissemination of the National Earthquake Hazards Reduction Program Materials on the
Seismic Safety of New Buildings." Co-principal Investigator with Joanne Nigg. The Federal Emergency
Management Agency ($196,000). August 1988 - August 1990.

"The Impact of Tourism on the Arizona Environment." Co-principal Investigator. Arizona Office of Tourism
($5,000). April 1988 - September 1988.

"Regional Planning District Study," with Eric Herzik. Arizona Department of Commerce ($37,000). June 1987
- January 1988.

"A Social Impact Assessment of Urban Clark County, Nevada," with Eric Herzik. Nevada Nuclear Waste
Policy Office ($60,000). September 1987 - December 1988.

"An Urban Risk Assessment in Clark County Nevada." Co-principal Investigator. Nevada Nuclear Waste Policy
Office ($260,000). September 1987 - December 1988.

"An Assessment of the Nuclear Waste Policy Act and Federal Mandate Demands and State Costs." Nevada
Nuclear Waste Policy Office ($110,000). September 1986 - December 1988.

"A Survey of Residents on Issues Related to Economic Development.” City of Pinetop-Lakeside ($3,500). July
1986 - January 1987.

"A Management Study of Western Arizona Council of Governments." Western Arizona Council of
Governments ($6,000). January 1986 - March 1987.

"A Survey of Housing Relocatees in Phoenix," with Joanne Nigg. The Phoenix Housing Commission and
Department of Urban Development and Housing ($15,000). May 1986 - May 1988.

"A Survey of Client Satisfaction with Phoenix's Housing Rehabilitation Programs," with Ronald Perry.
Phoenix Department of Urban Development and Housing ($5,000). May 1985 - October 1985.

"Development of Seismic Hazard Awareness and Policy: A Regional Approach in the Central States," with
Joanne Nigg. The National Science Foundation, Extension proposal, ($38,000). May 1985 - May 1986.

"An Evaluation of the Earthquake Educational Program," with Joanne Nigg. Funded through The National
Science Foundation ($16,000). September 1983 - September 1985.



"Development of Seismic Hazard Awareness and Policy: A Regional Approach in the Central States," with
Joanne Nigg. Funded by the National Science Foundation ($284,442). December 1982 - May 1985
(Grant & CEE-8212799).

"The Effect of State Urban Lands Revenue of the University Trust Account." Faculty Grant in Aid, Arizona
State University ($7,500). May 1982 - September 1982.

"An Enumeration and Analysis of the Criteria for Development of State Lands," with L.A. Wilson II. The
Arizona State Land Department, Governor's Panel on Science and Technology and the National Science
Foundation ($9,200). May 1981- September 1981.

"Earthquake Mitigation Policy Formulation Processes: A Comparative Case Study," with Thomas Drabek.
The National Science Foundation. (PFR 8006449 - $149,000). July 1980 - December 1981.

Research Summer Grants, Office of Research, University of Denver. Summer 1978 and 1979.
Research Summer Grants, Office of Research, University of Missouri, St. Louis. Summer 1976 and 1977.

"The Graduate Student Socialization Project," with John M. Orbell and Larry Pierce. Office of Education and
Ford Foundation ($24,000 and $12,000). 1969 - 1971.

PUBLICATIONS

Books

One Hundred Centuries of Solitude: Redirecting America's High-Level Nuclear Waste Policy. Co-authored.
Westview Press. (May 1995). 129 pages.

Problems and Prospects for Nuclear Waste Disposal Policy, edited with Eric Herzik. Greenwood Press. 1993.
160 pages.

Ethnicity and Disaster Management, with Ronald Perry. Athens Georgia, University of Georgia Press. 1986.
205 pages.

Disaster Preparedness: Warning, Response and Community Relocation, with Ronald Perry, Westport, CT.
Greenwood Press 1984. 280 pages.

Earthquake Mitigation Policy: The Experience of Two States, with Thomas Drabek and Thomas Kilijanek.
Institute of Behavioral Science. Boulder, CO. 1983. 237 pages.

Monographs

Fifteen Monographs in the last four years published by Clark County Nevada’s Nuclear Waste Division on
various aspects of projected impacts from the shipment of high-level nuclear waste through the County
(available on request).

“Evaluation of Chemical Events at Army Chemical Agent Facilities” Co-Authored with the Committee On
Evaluation of Chemical Events at Army Chemical Agent Disposal Facilities. National Academy Press,
Washington, D. C. 2002.



“’The Disposition Dilemma: Controlling the Release of Solid Materials from Nuclear Regulatory Commission-
Licensed Facilities” Co-authored with the Committee on Alternatives for Controlling the Release of Solid
Materials from Nuclear Regulatory Commission-Licensed Facilities (chapter lead on Stakeholder and Public
Involvement). National Academy Press, Washington, D. C. 2002.

“Improving Project Management in the Department of Energy” Co-authored with the Committee to Assess the
Policies and Practices of the Department of Energy to Design, Manage, and Procure Environmental
Restoration, Waste Management, and Other Construction Projects. National Academy Press, Washington, D.
C., 1999.

“The Tooele Chemical Agent Disposal Facility: Update on National Research Council Recommendations” Co-
authored with the Committee on Review and Evaluation of the Army Chemical Stockpile Disposal Program,
National Research Council. National Academy Press, Washington, D.C., 1999 (forthcoming November).

“Carbon Filtration for Reducing Emissions from Chemical Agent Incineration” Co-authored with the Committee
on Review and Evaluation of the Army Chemical Stockpile Disposal Program of the National Research
Council. National Academy Press, Washington, D.C., 1999.

"Review and Evaluation of Alternative Chemical Disposal Technologies." Co-authored with the Alternative
Technology Panel of the National Research Council. National Academy Press, Washington, D.C., 1996 (254

pages).

"Public Involvement in the Army's Chemical Stockpile Disposal Program." Co-authored with the Committee on
Review and Evaluation of the Army Chemical Stockpile Disposal Program, National Research Council.
National Academy Press, Washington, D.C., 1996.

"Review of Systemization of the Tooele Chemical Agent Disposal Facility." Co-authored with the Committee
on Review and Evaluation of the Army Chemical Stockpile Disposal Program, National Research Council.
National Academy Press, Washington, D.C., 1996.

"Affordable Cleanup? Opportunities for Cost Reduction in the Decontamination and Decommissioning of the
Nation's Uranium Enrichment Facilities." Co-authored with the Committee on Decontamination and
Decommissioning of Uranium Enrichment Facilities, National Research Council. National Academy Press,
Washington, D.C., 1996.

"Recommendations for the Disposal of Chemical Agents and Munitions." Co-authored with the Committee on
Review and Evaluation of the Army Chemical Stockpile Disposal Program, National Research Council.

National Academy Press, Washington, D.C., 1994.

"The Politics of Exactions." With Louis F. Weschler. The Homer Hoyt Center for Land, Economics and Real
Estate, Florida State University. 1986.

"The States' Role in Growth Management: How Does Arizona Compare?" With John Lounsbury, Charles
Kupcik, and Brent Brown. 46th Arizona Academy Town Hall. 1985, pp. 25-51.

"Fees, Exactions, and Fiscal Impacts." With Louis F. Weschler. 46th Arizona Academy Town Hall. 1985, pp.
85-116.

"Citizen Perception of the District Election System in Phoenix." With L.A. Wilson II, and Bruce Merrill.
Phoenix Town Hall. 1984.

Arizona's State Urban Lands. Part of the Arizona Policy Series. Center for Public Affairs. 1982.

"The Impact of Reagan's New Federalism on Community Development in Arizona." With Jim Boozer and
Marilyn Dantico. Arizona Academy. 1982, pp. 143-154.



An Independent Learning Module for Local Zoning Officials. Center for the Study of Local Government,
St. John's University. March 1975.

An Independent Learning Module on Citizen Participation. Center for the Study of Local Government,
St. John's University. January 1974.

Articles and Book Chapters (Selected)
“Social and Political Amplification of Technological Hazards: The Case of PEPCON Explosion” with O.O.
Ibitayo, and K.D. Pijawka. Journal Of Hazardous Materials, 2004

“Race, Ethnicity and Household Characteristics of Section 8 Housing Clients and Their Impact on Adjacent
Housing Quality.” With S. Guhathakurta. Urban Affairs Review. March 2002, vol. 37, no.4. pp. 521-542
(22).

“Does Locational Choice Matter? A Comparison of Different Subsidized Housing Programs in Phoenix,
Arizona.” With S. Guhathakurta. Urban Affairs Review. Vol.35, No.4, March, 2000. pp. 520 — 540.

"Financing Municipal Infrastructure: Who Pays and Who Benefits from Municipal Development." With
Patricia Krueger and Connie Padian. Public Policy and Politics in Arizona. Zachary Smith (ed.), Praeger
Press, 1996 (revised from 1993).

"The Perceived Risks of Transporting Hazardous Materials and Nuclear Waste: A Case Study." With K. David
Pijawka and Theodore Glickman. Transportation of Dangerous Goods: Assessing the Risks. Saccomanno,
F. K. and K. Cassidy (eds.). Institute for Risk Research, Canada 1993. pp. 617-34.

"Nevada Urban Residents' Perceptions of the Nuclear Waste Repository." With K. David Pijawka and Joanne
Nigg. The Public and Nuclear Waste Socio-Political Dimensions of Repository Siting. M. Kraft and R.
Dunlap (eds.), Duke University Press. 1993. pp. 239-62.

"Editor's Introduction." Co-editor with K. David Pijawka. Special Issue of Policy Studies Review on Nuclear
Waste Policy. Vol. 10, No. 4, Winter 1991/92. pp. 88-90

"Public Opposition to the Siting of The High-Level Nuclear Waste Repository: The Importance of Trust." With
K. David Pijawka. Policy Studies Review. Vol. 10, No. 4. Winter 1991/92. pp. 180-194.

"Intergovernmental Complexity in Nuclear Waste Disposal Policy: The Indeterminate Role of Local
Government." With Eric Herzik. Policy Studies Review. Vol. 10, No. 4. Winter 1991/92. pp. 139-151.

"Environmental Policy, New Federalism and New Privatism: Policy Conflicts in the Coastal Zone." With Jerry
F. Medler, Policy Studies Review. Vol. 11, No. 1. Spring 1992. pp. 100-109.

"Governors and Nuclear Waste: Show-Down in the Rockies." With Marilyn K. Dantico. Gubernatorial
Leadership And State Policy. Eric B. Herzik and Brent Brown, (eds.), Greenwood Press. 1991 pp. 173 - 189.

"Policy Making Under Duress: The Case of Evan Mecham in Arizona." With Eric Herzik and Brent Brown.
Policy Studies Journal. Vol. 17, No.4. Summer 1989 pp. 927-940.

"State and Local User Needs" (Lead Author) Estimating Losses from Future Earthquakes, Robert Whitman (ed.)
National Academy Press (National Research Council), Washington, D.C. 1989.

"Development Exactions and the Marketplace." With Louis F. Weschler. Using Markets to Implement Public
Policy. Richard Hula, (ed.), MacMillan Press. 1988. pp. 121-133.
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"Exactions and Impact Fees." With Louis Weschler. Public Productivity Review, No. 43, Fall 1987. pp. 71-79.

"The Developer's Role in Coprovision, Cofinancing and Coproduction of Urban Infrastructure and Services."
With Louis Weschler. Journal of Voluntary Action Research, Vol 16, No. 3, 1987.

"Politics and Administration of Development Exactions." With Louis Weschler and James Frank.
Developmental Exactions. James E. Frank and Robert M. Rhodes (eds.), Planners Press, 1987. pp. 15-41.

"Effect of Objective Risk on Key Actor Support for Seismic Mitigation Policy." With Joanne Nigg.
Environmental Management, Vol. 11, No. 1, 1987. pp. 77-86.

"Opinion Congruence and the Formulation of Seismic Safety Policies." With Joanne Nigg. Policy Studies
Review, Vol. 6, No. 4, 1987. pp. 645-656.

"Local Influence Over National Policy: The Case of Community Development." With John Hall. Public
Policy Across Nations, States and Cities. Dennis Judd, Alexander Groth, and Larry Wade (eds.), JAI Press,
1986.

"Emergency Management and the Intergovernmental System." With Lou Weschler, Public Administration
Review, Vol. 45, January 1985. pp. 49-56.

"Intergovernmental Implementation of Building Codes with Seismic Provisions." With Lou Weschler, Policy
Studies Review; Vol. 4, No. 4 May 1985. pp. 680-689.

"The Effects of Geographic Targeting and Programmatic Change: The Denver Community Development
Agency." With L.A. Wilson II. New Directions for Program Evaluation: Applications of Time Series
Analysis to Evaluation. Garlie Forehand (ed.) Jossey-Bass Inc. December 1982. pp. 49-63.

"The Disposition of Public Lands: Arizona's State Urban Lands Legislation," The Southwestern Review of
Management and Economics, Vol. 2, No. 3 Summer 1982. pp. 23-40.

"Inequality of Urban Services: The Impact of the Community Development Act." With Dennis R. Judd.
The Politics of Urban Public Service. Richard Rich (ed.), Lexington Books; 1982, pp. 127-140.

"The States' Role in Land Use Policy: Land Use Without Planning." With Dennis Judd. Policy Studies
Review, Vol. 1, No. 2 November 1981. pp. 263-275.

"Support for Oregon Land-Use Planning: A Multi-Level Analysis." With Jerry F. Medler. Coastal Zone
Management Journal, Vol. §, No. 1, 1980. pp. 63-83.

"The Effects of School District Desegregation on Housing Value." With Linda G. Mushkatel. The Social
Science Journal, Vol. 17, No. 2, 1980. pp. 67-79.

"Urban-Rural Class Conflict in Oregon Land-Use Planning." With Jerry F. Medler. Western Political
Quarterly, Vol. 22, No.3, September 1979. pp. 338-349.

"Citizen Response to Educational School District Consolidation." With L.A. Wilson II. Journal of the Georgia
Political Science Association, Fall 1979. pp. 93-116.

"Regulating Land Use: Public Versus Private Intervention." Book Review Essay. Urban Affairs Quarterly,
Vol. 15, No. 1, September 1979. pp. 111-120.

"The Emergence of State Planning and Its Potential Impact on Urban Areas." With Linda G. Mushkatel. State
and Local Government Review, Vol. II, No. 2, May 1979. pp. 53-60.
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"Redevelopment in St. Louis: The Greatest Good for the Smallest Number." Focus/Midwest, March/April
1979. pp. 12- 15.

"Eminent Domain: Land-Use Planning and the Powerless in the United States and Israel." With Khalil Nakleh.
Social Problems, Vol. 26, No. 2, December 1978. pp. 147-159.

"Annexation Policy: Remedy or Problem?" With Linda G. Mushkatel, State and Local Government Review,
Vol. 10, No. 1, 1978. pp. 20-27.

"Zoning Functions: The Responses of Local Officials to an Educational Program." With David Slipy. Journal
of Community Development Society, Vol. 8, No. 2. Fall 1977. pp. 39-49.

"A Model of Citizen Response to Annexation." With L.A. Wilson II and Linda G. Mushkatel. Urban Affairs
Quarterly, Vol. 9, No. 2, 1973. pp. 139-64.

"The Structure of Professional Education in Departments of Political Science." With John Orbell and Lawrence
Pierce. P.S., Fall 1971, pp. 516-522. Also available through the Educational Resources Information Center
(ERIC) Document Reproduction Service (EDRS).

Articles Under Review

"”Public Trust in Planning: Insights from the High-Level Nuclear Waste Siting Case” with K.David Pijawka and
Theresa Cameron.

“The Costs of Federal Mandates on State Planning Agencies: Issues Related to the Siting Process for the
Nation’s Nuclear Waste Repository’ with K. David Pijawka and Theresa Cameron.

TECHNICAL REPORTS AND PROCEEDINGS (selected)

“ The Fiscal Effects of Proposed Transportation of Spent Nuclear Fuel on Nevada State Agencies.” (1998) With
Planning Information Corporation. Nevada Agency for Nuclear Projects/Nuclear Waste Policy Office Report
(NWPO-SE-065-98). Available through the Nevada Nuclear Waste Policy Office, Carson City, Nevada.

“Governmental Trust and Risk Perceptions Revisited and Reconceptualized: The Final Analysis of the 1992 Las
Vegas Metropolitan Area Survey.” (1994) With K. David Pijawka, N. Alozie, and P. Jones. Nevada Agency
for Nuclear Projects/Nuclear Waste Policy Office Report (NWPO-SE-061-94). Available through the Nevada
Nuclear Waste Policy Office, Carson City Nevada.

“’The 1994 Clark County, Nevada Survey: Key Findings.” (1994) With K. David Pijawka. Nevada Agency for
Nuclear Projects/Nuclear Waste Policy Office. Carson City, Nevada.

“Institutional Trust, Information, and Risk Perceptions: Report of Findings of the Las Vegas Metropolitan
Survey June 29 — July 1, 1992.” (1992) With K. David Pijawka. Nevada Agency for Nuclar Projects/Nuclear
Waste Project Office Report (NWPO-SE-055-92). Available through the Nevada Nuclear Waste Policy
Office, Carson City, Nevada.

“Governmental Trust and Risk Perceptions Related to the High-Level Nuclear Waste Repository: Analysis of
Survey Results and Focus Groups.” (1992) With K. David Pijawka, P. Jones and N. Ibitayo. Nevada Agency
for Nuclear Projects/Nuclear Waste Policy Office Report (NWPO-SE-052-92). Available through the Nuclear
waste project office, Carson City, Nevada.

"Political Trust's Role in Explaining Nevada Urban Residents' Perceptions of the Proposed Yucca Mountain

Repository." With K. David Pijawka. Proceedings High-Level Nuclear Waste Conference. U.S. Department
of Energy, April 1991.
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"Social Impact Assessment of Siting the High-Level Nuclear Waste Repository In Nevada: The Use of Future
Risk Scenarios in Survey Research." With K. David Pijawka. Proceeding of the International High-Level
Radioactive Waste Management Conference. April 8-12, 1990. Las Vegas, Nevada. (Available through the
American Society of Nuclear Engineers, New York, NY)

"Public Perceptions of Transporting Hazardous Materials." With K. David Pijawka. State and Local Concerns In
Transporting Hazardous Materials. American Society of Civil Engineers. Proceedings May 1990, Saint
Louis, Missouri.

"Growth Management in Lake Havasu City, Arizona." Chapter 1, Lake Havasu City Town Hall. January 1990.

"Cultural Tourism and Its Implications for Sedona." Chapter 3, Our Cultural Values---Past, Present and Future.
Research Regard, Sedona Academy, Sedona Forum VI, January 1990. 38-53. With others.

"Risk Perception and Intended Behavior: The Effects of The Proposed High-Level Nuclear Waste Repository on
Las Vegas Residents." With J. Nigg and K. David Pijawka. Proceedings, Conference on Nuclear Waste
Management. University of Arizona, Tucson, Arizona, 1988. Society of Nuclear Engineers and U. S.
Department of Energy, pp. 103 - 109.

Tourism and Environmental Impacts. With K. David Pijawka. Arizona Office of Tourism, 1988.

"WALA and Squaw Peak: Relocatee Satisfaction with Housing Relocation Services." With Joanne Nigg. City
of Phoenix, Department of Neighborhood Improvement and Housing. June 1988 (106 pp.).

"A Report on Regional Planning Districts in Arizona." With Eric Herzik. Department of Commerce, Arizona
State Government. June 1988 (126 pp).

"Measuring Environmental, Developmental and Property Value - Impacts of Solid Waste Facilities." With K.
David Pijawka and Joanne Nigg. The Forum 1988. Risk Perception and Intended Behavior: The Effects of
the Proposed High Level Nuclear Waste Repository on Las Vegas Residents. Proceedings Waste
Management 1988.

"Opinion Congruence and Seismic Safety Policy." Published in the Proceedings of the Pacific Conference on
Earthquake Engineering. Wairakei, New Zealand, August 5-18, 1987.

Seismic Hazard Awareness and Support for Mitigation Policies: (1) A Report for the State of Arkansas, with
Joanne M. Nigg (2) A Report for the State of Tennessee, with Joanne M. Nigg (3) A Report for the State of
Indiana, with Joanne M. Nigg (4) A Report for the State of Kentucky, with Joanne M. Nigg (5) A Report for
the State of Missouri, with Joanne M. Nigg (6) A Report for the State of Illinois, with Joanne M. Nigg.
Tempe, Arizona: Office of Hazards Studies, Arizona State University. 1986.

"A Report on Client Satisfaction with Housing Rehabilitation Services." Submitted to the Phoenix Department of
Urban Development and Housing. February 1986.

"A Report on Client Satisfaction with Direct Service Housing Repairs Program.” Submitted to the Phoenix
Department of Urban Development and Housing. February 1986.

"A Report on Client Satisfaction with Major Home Repair Services." Submitted to the Phoenix Department of
Urban Development and Housing. February 1986.

"Organizational Response to the Coalinga Earthquake." With Joanne Nigg. Roger E. Scholl and James L.

Stratton (eds.), Coalinga, California Earthquake of May 2, 1983: Reconnaissance Report. Berkeley: EERI.
January 1984 (pp. 285 - 290).
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"An Evaluation of Client Support for the Housing Rehabilitation Program," with Michael Burns. A Report to the
Phoenix Department of Housing and Urban Development. January 1984.

"Seismic Salience in the Central United States." Published in the Proceedings of the Conference and Workshop
on Continuing Action to Reduce Potential Losses From Future Earthquakes in Arkansas and Nearby States.
Sponsored by the U.S. Department of Interior, Geological Survey, Little Rock, AK. September 20-22, 1983.

"American Minority Citizens in Disaster." With Ronald Perry and Marjorie Greene. Final Report to the Civil
and Environmental Engineering Division of the National Science Foundation (Grant No. PFR-80-19297).
September 1983.

"Gaining the Attention of State and Local Officials to Seismic Issues." Published in the Proceedings of
Conference XVII. Workshop Sponsored by the U.S. Department of Interior, Geological Survey, St. Louis,
MO. May 23-26, 1982 (pp. 79-82).

"Land Use Policy in the U.S. and The Potential Use of Microzonation." Published in the Proceedings of the
Third International Conference on Microzonation. Seattle, WA. June 28 - July 1, 1982.

"Local Resistance to Seismic Mitigation Policy: St. Louis vs. HUD - Round L," with Thomas Kilijanek.
Published in the Proceedings of the Earthquakes and Earthquake Engineering: The Eastern United States.
Conference. Knoxville, TN. September 13-16, 1981.

"A Performance Report on the Denver Community Development Agency's Housing Rehabilitation Program."
With L.A. Wilson II and Jeffrey Martin. Submitted to the Denver Community Development Agency.
September 1981.

"An Analysis of Loan Recipient's Satisfaction With the Community Development Agency's Housing
Rehabilitation Program." With L.A. Wilson II. Part of the Denver Community Development Agency's
Grantee Performance Report submitted to the Department of Housing and Urban Development. September
1980.

"The Applications of Political Science to Growth Management Policy." Proceedings of the Conference Frontiers
of Applied Political Science. March 24-26, 1980.

"The Model of Instructional Program for Local Officials." With David Slipy and Jim Krile. Final Evaluation
Report submitted to Title I of the Higher Education Act of 1969. Center for the Study of Local Government.
July 1975

"Graduate Student Socialization in Departments of Political Science." With John Orbell and Larry Pierce. Final
Evaluation Report submitted to the Ford Foundation. Fall, 1971.

PROFESSIONAL PAPERS PRESENTED (selected)

“Locational Choice and Subsidized Housing Concentrations in Phoenix, Arizona.” With S. Guhathakurta.
Presented at the Annual Conference of the American Collegiate Schools of Planning. Pasadena, California,
October 1998.

"Environmental Inequality: Political Attitudes and High-Level Nuclear Waste Policy". With Nicholas Alozie.
Presented at the Annual Meeting of the Southwest Political Science Association Meetings. San Antonio,
Texas. April 1994.

"The Perceived Risks of Transporting Hazardous Materials and Nuclear Waste: Preliminary Analysis of Case

Study Findings and Implications." With K. David Pijawka and Theodore Glickman. Presented at The
International Consensus Conference on the Transportation of Hazardous Materials, University of Waterloo,
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Waterloo, Ontario, Canada. April 6-9, 1992. The study was funded by the Nuclear Waste Project Office,
Nevada Agency for Nuclear Projects, DOE Grant Number DE-F608-85-NV10461.

"Public Perceptions of Hazardous Facilities." With K. David Pijawka. Paper presented at Hazards and Society:
Strategies for the 21st Century Conference, Arizona State University, November 22, 1992.

"Citizens Versus the State: The Differential Impacts of Forced Relocation.”" With Marilyn K. Dantico.
Presented at the American Political Science Association Annual Meeting. Washington, D.C. August 29-
September 1, 1991.

"Risk Perceptions of Natural and Technological Hazards: The Role of Trust." With K. David Pijawka.
International Symposium on Geological Hazards In Developing Countries and Their Environmental Impacts.
International Hazards Society. Perugia, Italy. August4 -9, 1991.

"Natural Hazards Research at Arizona State University." Invited Presentation at the Annual Meeting of The
Natural Hazards Research Conference. Boulder, CO. July, 1991.

"The Big Bang in Henderson: Coordinating Response in an Urban Area." With Eric B. Herzik. Urban Affairs
Association Annual Meetings. Vancouver, B.C., Canada. April 17-20, 1991.

"Inducing Change in Perceptions of Risk: Nesting Scenarios Within Surveys." With Marilyn K. Dantico and K.
David Pijawka. Western Political Science Association Meetings. Seattle, WA. March 20-23, 1991.

"Gender and Race in Risk Perceptions: The Proposed Yucca Mountain Repository." With Marilyn K. Dantico
and K. David Pijawka. Western Political Science Association Meetings. Seattle, WA. March 20-23, 1991.

"Political Trust and Risk Perceptions of the High-Level Nuclear Waste Repository." With Marilyn K. Dantico,
K. David Pijawka and Olurominiyi O. Ibitayo. Annual Conference of the American Association for the
Advancement of Science. Washington, D.C. February 16, 1991.

"Citizen Perceptions of the High-Level Nuclear Waste Repository.” With K. David Pijawka and Marilyn
Dantico. Western Social Science Association Meetings. Portland, OR. April 25-28, 1990.

"A New Look at Involuntary Relocation: The Case of Phoenix." With Marilyn Dantico. American Political
Science Association Meetings. Atlanta, GA. August 1989.

"Relocation Programs in the 1980s: What Have We Learned?" With Marilyn Dantico and Joanne Nigg,
presented at the Annual Meeting of the Western Political Science Association, Salt Lake City, UT. March
1989.

"Urban Residents' Risk Perception of a Nuclear Waste Facility." With Joanne Nigg and K. David Pijawka.
Invited Symposium Paper on Policy, Politics, and Public Opinion On a High-Level Nuclear Waste Repository
at the Annual Meetings of the American Association for the Advancement of Science. San Francisco, CA.
January 1989.

"The Utilization of Governmental Services After a Federally Declared Natural Disaster." With Joanne Nigg.
Presented at the American Society of Public Administration Meetings, Anaheim, CA. April 1986.

"The Governance of Exactions." With Louis Weschler. Presented at the Development Exactions Conference.
Sponsored by the Homer Hoyt Center for Land Economics and Real Estate, Florida State University, Orlando,
FL. March 1986.

"Service Utilization and Household Disruption." With Joanne Nigg. Presented at the Annual Meeting of the
American Society of Public Administration. Anaheim, CA. April 1986.
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"The Effect of Objective Risk on Key Actor Support for Seismic Mitigation Policy." Presented at the Annual
Meeting of The American Public Health Association and Related Organizations, Washington, D.C.
November 1985.

"The Effect of Objective Risk on Key Actor Support for Seismic Mitigation Policy." With Joanne Nigg.
Presented at the Annual Meeting of the Natural Hazards Research Conference. Boulder, CO. July 1985.

"Conflicts in the Development of Off Shore Resources with On Shore Land Use Planning.” With Jerry Medler.
Presented at the Annual Meeting of the Western Political Science Association, Las Vegas, NV. March 1985.

"Policy Issues for Seismic Hazard Mitigation in the Central U.S." With Joanne Nigg. Presented at the National
Hazards Workshop, Boulder, CO. July 1984.

"Policy Issues for Seismic Hazard Mitigation: A Comparison of Public and Decision Makers Perceptions." With
Joanne Nigg. Earthquake Specialty Seminar, Stanford University, July 1984.

"Community Relocation: A Strategy for Flood Mitigation." With Ronald Perry. Presented at the Annual
Meeting of the American Sociological Association, San Antonio, TX. August 1984.

"Environmental Policies in Hard Times: Land Use Planning in Oregon." With Jerry Medler. Presented at the
Annual Meeting of the Western Political Science Association, Sacramento, CA. March 1984.

"Development of Seismic Hazard Awareness and Policy: A Regional Approach in the Central States." With
Joanne Nigg. Presented at the Natural Hazards Workshop, Boulder, CO. July 10-12, 1983.

"The Coalinga Earthquake: Societal Response." Co-presented with Joanne M. Nigg. Presentation at the Natural
Hazards and Applications Workshop, Boulder, CO. July 1983.

"Populist Obstacles to Policy Implementation: Land Use Planning In Oregon." With Jerry Medler. Presented at
the Annual Meeting of the Western Political Science Association, Seattle, WA. March 23-26, 1983.

"Earthquake Salience and Policy in California and Missouri: A Comparative Analysis." With Joanne Nigg.
Presented at the Natural Hazards Workshop, Boulder, CO. July 19-22, 1982.

"Intergovernmental Implementation of Building Codes with Seismic Provisions." With Lou Weschler. Presented
at the Hazards Research, Policy Development and Implementation Incentives Workshop, Redlands, CA. June
24-26, 1982.

"The Evolution of Voter Support for Land Use Planning in Oregon: A Formal Model." With Jerry F. Medler.
Presented at the Annual Meeting of the Western Social Science Association, Denver, CO. April 21, 1982.

"Local Resistance to Seismic Mitigation Policy: St. Louis vs. HUD - Round I." With Thomas Kilijanek.
Presented at the conference "Earthquakes and Earthquake Engineering: The Eastern United States."
Knoxville, TN. September 14-17, 1981.

"Embryonic Policy Development: The Case of Earthquake Mitigation Policy in Washington and Missouri."
With Thomas Kilijanek. Presented at the Annual Meeting of the American Political Science Association,
New York, NY. September 1981.

"Earthquake Mitigation Policy in the State of Washington." With Thomas Kilijanek. Presented at the Annual
Meetings of the Western Social Science Association, San Diego, CA. April 23-25, 1981.

"Efficiency and Effectiveness in Housing Rehabilitation Programs: Is the Cost Equity?" With L.A. Wilson II.

Presented at the Annual Meetings of the Western Political Science Association, Denver, CO. March 24-26,
1981.
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"Earthquake Mitigation Policy Formulation Processes." Presented at the Natural Hazards Research Applications
Workshop, University of Colorado, Boulder, CO. July 20-23, 1980.

"The Struggle Between Private and Neighborhood Institutions Over Denver's Revitalization Program." With
Howard Lasus. Presented at the Society for Study of Social Problems Meetings. New York, August 1980.

"The Denver Community Development Agency Housing Rehabilitation Program 1974-1978: Central Business
District Revitalization in New Clothes?" With Howard Lasus. Presented at the Western Social Science
Association Meetings. Albuquerque, NM. April 1980.

"A Comparative Analysis of Support for Growth Management Systems." With Jerry Medler. Presented at the
Western Social Science Association Meetings, Lake Tahoe, NV. April 24- 26, 1979.

"The Downtown Investment Coalitions in St. Louis and Denver." With Dennis Judd. Presented at the Midwest
Political Science Association Meeting, Chicago, IL. April 1979.

"Economic Elites and Redevelopment: The Case of Denver." With Dennis Judd. Presented at the Western
Political Science Association Meeting, Portland, OR. March 22-24, 1979.

"Political Conflict in Oregon Land-Use Planning." With Jerry Medler. Presented at the Western Political
Science Association Meeting, Portland, OR. March 22-24, 1979.

"The Effects of School District Desegregation on Housing Values: Is There Cause for White Flight?" With
Linda G. Mushkatel. Presented at the annual meeting of the Western Social Science Association, Denver,
CO. April 1978.

"Urban-Rural Class Conflict in Oregon: Throwing a Monkey Wrench into State Land-Use Planning." With Jerry
Medler. Presented at the Annual Meeting of the Western Political Science Association, Los Angeles, CA.
March 1978.

"The Effect of Planning in the U.S. and Israel: The Use of Eminent Domain." With Khalil Nakleh. Presented at
the Annual Meeting of the International Studies Association, Washington, D.C., February 1978.

"The Emergence of State Planning and Its Potential Impact on Urban Areas." With Linda G. Mushkatel.
Presented at the Convergence of Urban Planning and Urban Administration: A Conference for Practitioners
and Academics, Kansas City, MO. May 5-7, 1977.

"Problems and Strategies in Evaluating the Effects of State Land-Use Policy." With Linda G. Mushkatel.
Presented at the Annual Meeting of the Western Political Science Association, Phoenix, AZ. April 1977.

"Citizen Response to Annexation Policies." With L.A. Wilson II presented at the Annual Meeting of the Western
Political Science Association, San Diego, CA. April 1973.

"Annexation Policies of Cities and Urban Conflict." With L.A. Wilson II. Presented at the Annual Meeting of
the Pacific Northwest Political Science Association, Washington State University, Pullman, WA. April 1973.

"Professional Education in Political Science Departments." With John Orbell and Lawrence Pierce. Presented at
the Annual Meeting of the Western Political Science Association, Albuquerque, NM. April 1971.

BOOK REVIEWS

Review of Gerald Jacob's Site Unseen: The Politics of Siting A Nuclear Waste Repository. With K. David
Pijawka. Land Economics, University of Wisconsin Press, Vol. 68, No. 1, February 1992. pp. 123-126
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Journal of Politics - Fall 1980

PROFESSIONAL ACTIVITIES (SELECTED)

Member, Editorial Board, Kluwer Academic Publishers (The Netherlands), Advances in Natural and
Technological Hazards Research Series. Appointed, 1992 — 1998.

Editorial Advisory Board, Natural Hazards, Journal of the International Society for the Prevention and Mitigation
of Natural Hazards. Appointed, 1992 — 1999.

Chairperson of Policy Roundtable, "High-Level Nuclear Waste Policy." Annual Meeting of the American
Political Science Association Meetings, Washington, D.C. August 1991.

Chairperson of panel, "Perspectives on Environmental Policy Making." Annual Meeting of the Western Social
Science Association, Portland, OR. April 1990.

Participant, National Association of Schools of Public Affairs and Administration and the Federal Emergency
Management Agency Workshop, Emmitsburg, MD. May 21-June 2, 1984.

Discussant on panel, "Constraints and Opportunities in Intergovernmental Relations." Annual Meeting of the
Political Science Association, San Diego, CA. March 27, 1982.

Discussant on panel, "A Roundtable on Hazards Policy Research.” Annual Meeting of the American Political
Science Association, Denver, CO. September 10, 1982.

Discussant on panel, "The Politics of Disaster Preparedness and Recovery." Annual Meeting of the Western
Political Science Association, Denver, CO. March 24-26, 1981.

Chairperson of panel, "Federal Policy in the City." Annual Meeting of the Western Political Science Association,
Denver, CO. March 1981.

Chairperson of panel, "Environment and Policy." Annual Meeting of the Western Social Science Association,
Albuquerque, NM. April 1980.

Co-Chair of Local Arrangements Committee, Western Political Science Association Meetings, 1981, Denver,
CO. January 1980 - June 1980.

Political Science Program Coordinator - 1979 Western Social Science Association Meeting, Lake Tahoe, NV.
April 26-28, 1979.

Chairperson of panel, "The Effects of School Desegregation." Annual Meeting of the Western Social Science
Association, Denver, CO. April 1978.

Chairperson of panel, "Urban Growth Management." Annual Meeting of the Western Political Association, Los
Angeles, CA. March 1978.

Chairperson of panel, "Comparative Land Use and Housing Policy." Annual Meeting of the International Studies
Association, Washington, D.C. February 1978.

Discussant, Panel, "Urban Problems and Services." Annual Meeting of the Western Political Science
Association, Sheraton Palace, San Francisco, CA. April 1-3, 1976.

Chairperson of Panel, "Citizen Participation in Land-Use Decisions." Conference sponsored by Minnesota
Humanities Commission on Land: Our American Heritage, Collegeville, MN. June 4-6, 1974.
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Member, Panel on Graduate Student Education, Pacific Northwest Political Science Association Meeting,
Tacoma, WA. April 1971.

Field Associate, Community Development Block Grant Study. Principal Investigator with Paul Dommel. U.S.
Department of Housing and Urban Development, Cleveland State University, 1982-1983.

National Science Foundation - Decision, Risk and Management Sciences Program Division of Social and
Economic Sciences Directorate of Social, Behavioral and Economic Sciences-referee 2003-2004.

National Science Foundation - Applied Social and Behavioral Science Program - referee 1982 - 1991.
National Science Foundation - Civil & Environmental Engineering/Policy Research - referee - 1981 - 1990.
OTHER PROFESSIONAL ACTIVITIES

Journal of Landscape and Urban Planning — referee- 1995 - present
Earthquake Spectra - referee - 1990 - present

Public Administration Review - referee - 1986 - 1992.

Journal of the American Planning Association - referee - 1986

Plenum Press - book referee - 1984

Policy Studies Review - referee - 1983 - present

Urban Affairs Review (Urban Affairs Quarterly) - referee - 1981 - present
Policy Studies Journal - referee - 1981 - present

Western Political Quarterly - referee - 1980 - present

Urban Affairs Papers/Journal - referee - 1980

Environmental Management - referee - 1980 - 1982, 1988-present

Social Problems - referee - 1979 - 1982

The Western Social Science Journal - referee - 1978 - present
Prentice-Hall - book referee - 1977 - 1978

Holt, Rinehart and Winston - book referee - 1978 - 1980

Reader for validity study of GRE Advanced Political Science Test - 198\

CONSULTING AND COMMUNITY SERVICE

Arizona Department of Environmental Quality

Arizona Department of Health Services

Phoenix Neighborhood Housing and Development Department

Phoenix Housing and Urban Redevelopment Department, 1982- present.

Department Housing, 1982 — 1999.

ComCare Housing Program for Severely Mentally I11, 1995 - 1998

Arizona Department of Environmental Quality, 1991 - (Pollution Prevention).

Motorola, Inc. 1991- Environmental Education and Risk Analysis.

Arizona Board of Regents, 1991 - (Trust Lands).

Arizona Department of Commerce, 1987 - 1991.

State of Nevada Nuclear Waste Project Office.

Western Arizona Council of Governments. Management Study to Prevent Default 1985-1986.

Town of Parker - Annexation Feasibility Analysis 1985.

Town of Lakeside and Pinetop - Economic Development Analysis with the City Manager.

Lake Havasu City - Growth Related Issues, 1985 - 1990.

California State Seismic Safety Commission, 1984 - 1990.

Building and Seismic Safety Commission - Information Dissemination, 1988 - present.

Western Gateway Planning in Maricopa County for the Communities of Avondale, Litchfield
and Goodyear.

Arizona State Land Department, 1980-present.
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Governor's Commission on the Arizona Environment, 1980-1982.

Denver Urban Renewal Authority, 1979-1983.

City and County of Denver Community Development Agency, 1978- 1983.
A number of municipalities in 4 different states on local zoning.

PROFESSIONAL MEMBERSHIPS

American Political Science Association

Society For Risk Analysis

American Society of Public Administration
Western Political Science Association

Pi Sigma Alpha, Political Science Honorary

Pi Alpha Alpha, Public Administration Honorary
Earthquake Engineering Research Institute

COMMITTEE SERVIC

2004-2005 Arizona State University East
Member, Department Core Undergraduate Curriculum Committee
Member, Department Core Graduate Curriculum Committee
Member, Recruitment Committee for the Director of the Division of Social Sciences, and the
Director of the Humanities Division

2003-2004 Arizona State University East
Member, Recruitment Committee for the Director of the Division of Social Sciences and the
Director of the Humanities Division
2002-2003 Arizona State University
Chair, College Personnel Committee
Member, Masters of Environmental Planning Committee

2002-2003  Arizona State University
Member, College Personnel Committee
Member, Masters of Environmental Planning Committee

1999-2000  Arizona State University
Member, College Personnel Committee
Coordinator, Bachelor of Science in Planning Committee
Member, Masters of Environmental Planning Committee

1998-1999  Arizona State University
Member, Personnel Committee
Member, Masters of Environmental Planning Committee
Member, Bachelor of Science in Planning Committee
Member, University parking Committee

1997-1998  Arizona State University
Member, Personnel Committee
Member, Masters of Environmental Planning Committee
Member, Bachelor of Science in Planning Committee
Member, University parking Committee

1996-1997  Arizona State University

Member, Master’s of Environmental Planning Committee
Member, Bachelor of Science in Planning Committee
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Member, Personnel Committee

1995-1996.  Arizona State University
Co-Chair, Personnel Committee
Member, MPA Committee
Member, Recruitment Committee
Member, University Residence Board
Member, Self Study NASPAQ Review Committee

1994-1995.  Arizona State University
Chair, Personnel Committee
Member, Recruitment Committee
Member, University Parking Appeals Board
Member, University Residence Board
Technical Advisor, Board of Regents, Eminent Scholars Committee

1992-1993.  Arizona State University
Chair, Committee on Establishing an Undergraduate Public Administration/Policy Major
Technical Advisor, Board of Regents, Eminent Scholars Committee
Member, University Parking Appeals Board
Member, University Residence Board
Member, Admissions and Standards Committee, School of Public Affairs

1993-1994. Sabbatical

1991-1992.  Arizona State University
Technical Advisor, Board of Regents, Eminent Scholars Committee
Member, Board of Regents Trust Land Exchange Committee
Member, Vice President for Research University Council on Research and Creative
Activities
Chair, Subcommittee on Social Science Awards
Member, University Parking Appeals Board
Member, University Residence Board
Member, Admissions and Standards Committee, School of Public Affairs

1990-1991.  Arizona State University
Member, Vice President for Research University Council on Research and Creative
Activities
Chair, College of Public Programs Committee on Research
Member, Admissions and Standards Committee, School of Public Affairs

1988-1989.  Arizona State University
Member, Dean's Search Committee
Member, School Personnel Committee
Chair, Urban Field Committee

1987-1988.  Sabbatical
1986-1987.  Arizona State University
College Personnel Committee

School Student Affairs Committee

1985-1986.  Arizona State University
Chairperson, Center Curriculum Committee
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Morrison Institute Director Recruitment Committee
Chair, Urban Field Committee

1984-1985.  Arizona State University
Chairperson, Center Curriculum Committee
Morrison Institute Committee
Center Recruitment Committee

1983-1984.  Arizona State University
Chairperson, Search Committee for the Center's Director
Chairperson, Center Curriculum Committee
Search Committee for the Urban Studies Center's Director
Honorary Degrees Committee, College
University Library Committee
Undergraduate Curriculum Committee, College

1982-1983.  Arizona State University
University Library Committee
University Committee on City and Regional Planning
College Graduate Curriculum Committee
University Hazards Research Committee

1981-1982.  Arizona State University
Chairperson, College Graduate Curriculum Committee
Environmental Studies Center Recruitment Committee
Director, MPA Program

1980-1981.  Arizona State University
College Graduate Curriculum Committee
Special MPA Committee
Student Affairs Committee
Faculty Representative to Associated Students of the Center for Public Affairs

1977-1980.  University of Denver
504 Task Force on Disabled Persons (1980)
Departmental Recruitment Committee
Honors Program Committee
Internship Committee
Curriculum Committee

1975-1977.  University of Missouri - St. Louis
University Extension Committee
Departmental Recruitment

1973-1975.  St. John's University
University Advisory Committee to the Academic Vice President
University Research Committee
Departmental Recruitment
Departmental Curriculum
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Affidavit of Dr. Sheila Conway



Dec. 22. 2008 10:38AM  UER No. 0789 P.

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

In the Matter of:

Docket No.  63-001
U.S. DEPARTMENT OF ENERGY

(High Level Waste Repository)

DECLARATION OF DR. SHEILA CONWAY

1. My name is Dr. Sheila Conway. I am the managing partner in Urban Environmental
Research, LLC (“UER”). My business address is 1120 North Town Center Drive,
Suite 100, Las Vegas, Nevada.

2. I'have over 30 years of professional experience in the field of environmental studies
and policy.

3. My curriculum vitae is attached hereto. Among other responsibilities, I am currently
in charge of the Critical Infrastructure Protection Program (Silver Shield) for the State
of Nevada which identifies critical infrastructure, assets, systems, networks and
functions critical to the state’s economic security, public health and safety,
responsible for conducting socio-economic impact analysis, including property value
diminution; public safety impacts; government/fiscal impact; and regulatory
compliance for Clark County, Nevada.

4. I was retained by Clark County, Nevada in connection with the potential siting of a
high level nuclear waste repository at Yucca Mountain near Clark County, Nevada,
and to assist Clark County with the preparation of contentions regarding inadequacies
of the application, including inadequacies of the environmental impact statements.

5. Ihave reviewed and am familiar with aspects of the Department of Energy’s license
application for a high level nuclear waste repository at Yucca Mountain, including the
DOE’s Environmental Impact Statements.

6. I am familiar with the Nuclear Waste Policy Act and the National Environmental
Policy Act and their respective implementing regulations, as well as the regulations of
the Council on Environmental Quality,

3193908v1(60297.1)
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Affidavit of Dr. Sheila Conway

7. CLK-NEPA-002 CLK-NEPA-003, CLK-SAFETY-002 and CLK-SARETY-012 were
prepared by me or under my supervision. The information contained therein is true
and correct to the best of my knowledge and belief, '

STATE OF NEVADA )
)
COUNTY OF CLARK )

SUBSCRIBED AND SWORN to before
me this ZL day of December, 2008,

JAVVIYY VN

Notary Public, in and for said
County and Statepde ) rohon,

NOA
STATE OF NEVADA

County of Cark

3193908v1(60297.1)




SHEILA CONWAY
2309 Stone Glen Lane
Las Vegas, NV 89134
(702) 254-0306 (Work) (702) 469-3406
sheila@uerlv.com

EDUCATION

Arizona State University: Ph.D. Environmental Planning and Design
Arizona State University: MA Environmental Geography
University of South Florida: BA Geography

EMPLOYMENT HISTORY

Urban Environmental Research, LL.C
Managing Partner 1999-Present

In charge of the Critical Infrastructure Protection Program (Silver Shield) for the State of
Nevada which identifies critical infrastructure, assets, systems, networks and functions critical
to the state’s economic security, public health and safety, responsible for conducting socio-
economic impact analysis, including property value diminution; public safety impacts;
government/fiscal impact; and regulatory compliance for Clark County, Nevada. Synthesized
over a decade of research data addressing socio-economic, demographic, and behavioral
research in order to identify key relationships that influence risk perception and behavior.
Conducted statistical analysis of a survey of local businesses to determine their perception of
risk from the proposed transport of high-level radioactive waste. Analyzed a draft
Environmental Impact Statement for NEPA and NWPA compliance. Conducted property
value diminution studies and studies analyzing public safety impacts for the following Nevada
cities: Las Vegas, North Las Vegas, Mesquite, Henderson, Boulder City. Also, conducted
three property value studies for the State of Nevada.

Environmental Synergy, Inc.

President 1994-1997

Established this environmental consulting firm to provide socio-economic impact analysis,
property value diminution studies, regulatory compliance planning, and analysis for complex
hazardous waste management and other environmental issues.

Colorado Center for Environmental Management

Executive Director 1991-1993



Helped this non-profit organization define its vision and mission; secured an initial seven
million dollar grant from the US Department of Energy and managed all of the organization's
hazardous work research and community outreach. Analyzed socio-economic impact of DOE
clean-up activities at six weapons facilities. Designed and tested a model consensus building
strategy for the testing and acceptability review for new environmental technologies. This
work is summarized in two books Environmental Decision-Making. Conflict and Consensus
and Methods for Assuring the Use of Innovative Technologies

ICF Kaiser Engineers
Project Manager 1985-1991

Experienced in socio-economic impact assessment, risk assessment and management,
property valuation studies, key trend analysis, economic impact analysis, and regulatory
analysis. Provided extensive technical support in environmental assessment, permitting, and
regulatory and public acceptance of sensitive environmental projects. Directed or participated
in over a hundred projects, specializing in hazardous waste, high and low level radioactive
waste, solid waste and related environmental concerns.

Utah Department of Community and Economic Development

Public and Regulatory Affairs Information Officer 1983-1984

Experienced in energy planning, environmental management, regulatory analysis, public
policy, strategic public participation, risk assessment and management. Directed or
participated in over a hundred projects, including seven Environmental Impact Statements
(EISs), spanning a broad range of energy, hazardous waste, high-level radioactive waste and
solid waste.

John Short and Associates

Senior Management Consultant 1982-1983

Provided socio-economic impact assessment related to energy development projects including
coal mines, gasification facilities, and synthetic fuels development.

Utah Energy Office

Federal/State Natural Resource Coordinator 1979-1982

Provided energy planning, socio-economic impact assessment, environmental management,
regulatory analysis, and policy analysis on a wide number of energy resources and

environmental issues.

Utah Office of Labor



Research Analyst 1977-1979

Conducted energy manpower and training analysis for the Tristate Energy Consortium of
Utah, Colorado and Wyoming.

AWARDS AND APPOINTMENTS

Letter of Commendation for Signo-Mount Vernon Emergency Response from Regional USEPA
Administrator Christopher Daggett, 1991.

New York State Civil Service Commission: Department of Environmental Conservation
Subcommittee, 1989-1991

Letter of Commendation for Flood Emergency Management and Preparation from Utah Public
Safety Commissioner Larry Lunnen, 1984.

Letter of Commendation for Wilderness Designation Analysis from Governor Scott M.
Matheson, 1983.

PUBLICATIONS

Aguero, J., Conway, S., & Navis, I. Community monitoring in a tourism-dependent economy.
Sustainable Tourism Il (pp.297-309). Ed. C.A. Brebbia & F.D. Pineda. WIT Press, Wessex: UK.
2006.

Conway, Sheila. “The 2007 Projected Impacts to Clark County and Local Governmental Public
Safety Agencies Resulting from the Transportation of High-Level Nuclear Waste to Yucca
Mountain.” Waste Management Symposium. Tucson, AZ . Feb 2008.

Conway, Sheila, Monitoring Program (Quality of Life Institute, Vermont; 2007).

Conway, Sheila, Bringing ITS All Together (Trafford Press, United Kingdom, 2007).

Conway, Sheila. “Yucca Mountain Bottom line: The Cost of Increased Public Safety Services.”
Midwest Political Science Association. Chicago, Illinois. 2007.

Conway, Sheila. “Clark County, Nevada’s Assessment of Land use Conflicts.” Waste
Management Symposium. Tucson, AZ . Feb 2007.

Conway, Sheila. “Yucca Mountain Bottom Line: The High Cost of Increased Public Safety
Services.” Waste Management Symposium. Tucson, AZ . Feb 2007.



Conway, Sheila. “Clark County Monitoring Program.” The 11™ International Conference on
Environmental Remediation and Radioactive Waste Management. Bruges, Belgium Sep 2-6
2007.

Conway, Sheila. “Clark County Monitoring Program.” Waste Management Symposium. Tucson,
AZ . Feb 2006.

Conway, Sheila. “Clark County Monitoring Program.” Sustainable Tourism. Bologna, Italy. Sep
2006.

Conway, Sheila. “Clark County Monitoring Program: Economic Impacts of High-level Nuclear
Waste Shipments.” Environmental Economics. Mykonos, Greece. Sep 2006.

Conway, Sheila. “Spent Fuel Transportation Initiatives.” The 10™ International Conference on
Environmental Remediation and Radioactive Waste Management. Glasgow, Scotland. Sep 4-8
2005.

Conway, Sheila, Environmental Decision-Making: Conflict and Consensus (Denver, Colorado:
USDOE, 1993).

Conway, Sheila, Methods for Assuring the Use of Innovative Technologies (Denver, Colorado:
USDOE, 1993).

Conway, Sheila, Technology/Regulatory Integration Project Summary Report (Denver,
Colorado: USDOE, 1993).

Conway, Sheila, Improving the Superfund Peer Review Process (New York, New York: USEPA,
1990).

Conway, Sheila, Socio-Economic Monitoring Report: Skyline Mines (Grand Junction, Colorado:
USOSM, 1982).

Conway, S, & Navis, L. “Clark County Monitoring Program: Stigma induced property value
diminutia from nuclear waste transportation.” 24th International Symposium on Forecasting.
International Institute of Forecasters. Sydney, Australia. Jul 4-7 2004.

Conway, S, & Navis, I. Commodity Flow Study- Clark County, Nevada, USA. Urban Transport
XIII: Urban Transport and the Environment in the 21" Century. Ed. C.A. Brebbia. WIT Press,
Wessex: UK. 2007.

Conway, S, Washeba, P., & Navis, I. Impact Assessment and public outreach strategies of local
governments. Environmental Health Risk III. Ed. C.A. Brebbia, Popov, V., & Fayzieva, D. WIT
Press, Wessex: UK. 2007.



PAPERS PRESENTED

2004 American Nuclear Society’s Waste Management Conference

2003 American Nuclear Society’s International High Level Nuclear Waste Management
Conference

1997 Southwest Association of Geographers

1994  United States DOE Technology Information Exchange

1993  United States DOE Technology Information Exchange
USEPA Innovative Technologies and Waste Cleanup Workshop, Washington, DC
Federal Facility Compliance, Government Institutes, Inc., Las Vegas, Nevada
DOE/Industry Technology Roundtable
National Association of Professional Environmental Communicators, Chicago, IL

1992  Superfund ‘92, Washington, DC
Environmental Careers Symposium, University of Denver
National Environmental Health Association Annual Conference
Waste Minimization Research and Development Priorities, Colorado State University
Cleanup Research and Development Priorities Roundtable, Washington, DC
University/Institutional Environmental Research Opportunities Workshop, Washington
USEPA Innovative Technologies and Waste Cleanup Workshop, Washington, DC
Working Together for a Cleaner Colorado, Denver, Colorado
Spectrum ‘92, Boise, Idaho

1990 Superfund ‘90, Washington, DC

1982  Environmental Planning, Westminister College

1981 Synfuels: Does It Make Sense? University of Utah

1979  Manpower Needs Tristate Energy Manpower Consortium

PAST AND PRESENT ASSOCIATIONS

Association of American Geographers

National Association of Environmental Professionals
National Association of Environmental Communicators
Association of Pacific Coast Geographers

American Geographical Society

International Association of Public Participation
Gamma Theta Upsilon Lowry Air Force Base

PROFESSIONAL SERVICE

U.S. Department of Energy State of Colorado
U.S. Environmental Protection Agency State of Utah



U.S. Department of Interior Colorado Council on Rocky Flats

U.S. Department of Defense Western Governors’ Association
New York: Department of Environmental Protection Lowry Air Force Base
New Jersey: Hazardous Waste Siting Commission Rocky Flats Citizens Review Group

New Jersey: Department of Environmental Protection Tyndall Air Force Base



SELECTED PROJECT DESCRIPTIONS

ENVIRONMENTAL DECISIONMAKING

¢ Wilderness Designation Analysis. For the State of Utah, assessed the environmental
implications of designating 54 Utah sites as wilderness areas. This assessment
included developing a decision-making methodology for the regulatory,
environmental, and socio-economic impacts and the design of the state preferred
package. Participated in the public involvement process for this project and assisted
with the Congressional briefings and support necessary for the passage of the 1984
Utah Wilderness Act. For this work, received a commendation from Utah Governor
Scott M. Matheson.

¢ Environmental Restoration Performance Criteria. As part of DOE's
Environmental Restoration program, updated and integrated the environmental,
safety, and health performance criteria for Los Alamos National Laboratory. This
work included the development of a management information system for all DOE
Orders and Administrative Requirements (ARS), federal, and New Mexico state
environmental regulations.

e High Level Nuclear Waste Siting Analysis. Supported the assessment of
geological, seismic, environmental, health, socioeconomic, and transportation issues
for the DOE's proposed development of a high-level nuclear waste repository in
Canyonlands, Utah.

e RCRA Part B Permit Compliance. Designed a model for incorporating state, local,
and public concerns into the permitting process. Evaluated the process, schedule, and
results of the trial burns for the incinerator at the Site for the U.S. EPA at the Hyde
Park Site, a sensitive and complex Superfund and RCRA facility in Niagara Falls,
New York.

¢ Fiscal Impact Forecasting Model. For the State of Utah, developed a fiscal impact
model to analyze revenue and expenditure implications on local and state
governments for the proposed siting of the MX missiles in Utah. This analysis was
then used to develop proposed compensation alternatives.

¢ Financial Cost Accounting System. For five Mid-Atlantic States, managed the
development of a financial cost accounting system to meet EPA financial assurance
requirements for administering underground storage tank enforcement and corrective
action programs.



¢ Energy Manpower Forecasting. For the U.S. Department of Labor Region VIII
(Utah, Montana, North Dakota, South Dakota, Wyoming, and Colorado), analyzed
energy manpower and training needs. Developed forecasting methodologies and
related databases, and conducted analyses of supply alternatives and capacity.

¢ Severance Tax Analysis. Conducted a fiscal impact analysis of alternative severance
tax proposals on state and local revenues in Utah and prepared alternative strategies.
Provided technical assistance to the Utah state legislature in developing and assessing
natural resource regulation and taxing legislation decision-making criteria.

¢ Health Care Impact Analysis. For the Utah State Department of Health, conducted
an assessment of the health care impacts from the proposed development of
alternative synthetic fuel project scenarios for the Uintah Basin, Utah. This project
included developing a model decision-making process for health care facilities in
rural areas.

ENVIRONMENTAL MANAGEMENT

¢ Environmental Audits. For the Department of Energy (DOE), participated in
several environmental audits at Los Alamos National Laboratory/LANL and at
Sandia. Coordinated an evaluation of lab-wide environmental and regulatory
deficiencies using Mort analysis at LANL.

¢ Environmental Audit. Managed an environmental audit of a major commercial
transaction in Newark, New Jersey for a private developer. This included an
environmental due diligence audit; overseeing a voluntary cleanup of asbestos and
lead; negotiations with two environmental agencies on cleanup; and expert property
valuation study.

¢ Land Value Assessment. In behalf of an insurance company assessed the value of a
coastal property in Jersey City, New Jersey after a remediation of PCBs had been
completed. This included providing expert testimony in court and negotiating
allowable land use with three governmental agencies.

¢ Superfund Investigations. Prepared the Interim Background Investigation Report
and provided regulatory compliance analysis for the development of the remedial
investigation report for the New Jersey Department of Environmental Protection at
the PJP Landfill Site. Provided regulatory compliance analyses for the development
of the remedial investigation reports f or the U.S.EPA at the Brook Industrial Park
and the Pohatcong Valley Groundwater Contamination Superfund Sites.

¢ Environmental Impact Statements. Assisted in the preparation of EIS's for: the
Bonanza Power Plant in Uintah Basin, Utah; the Intermountain Power Project in
Delta, Utah; the Uintah Basin Synthetic Fuels Project, a nine project, site specific and



regional EIS in Uintah, Utah; and Skyline Mines 1, 2, and 3 in Carbon County, Utah.
Contributed to the Kaiparowits Coal Leasing Program EIS. Support for these EIS's
ranged from development of specific analysis, such as socioeconomic impact
analyses, to entire project management.

Coal Mine Permit Assistance. Prepared technical analyses necessary to complete
federal, state, and local permit requirements including the ongoing monitoring
requirements under the Surface Mine Reclamation Act for a private sector client. This
included an evaluation of both environmental and socioeconomic impacts for the
development of a three-ton per year coal mine, employing 870,workers in a small
rural community.

Underground Storage Tank Inspector Training. For the New Jersey Department
of Environmental Protection, developed a two-day hands-on training for state
inspectors and 6xe marshal to include tank removal, tank testing and monitoring, and
corrective action.

Underground Storage Tank Training. For the Virgin Islands and Puerto Rico,
conducted a training program on the federal requirements for managing underground
storage tanks.

Underground Storage Tank Financial Assurance Requirements. For the Virgin
Islands evaluated alternative financial assurance requirements in coordination with
the Commissioner of the Environmental Quality Board and the Banking and
Insurance Commissioner.

REGULATORY COMPLIANCE

Alternative Strategies for Relocation. Provided support in evaluating regulatory
constraints, and options for addressing the temporary and permanent relocation of
residents at the Montclair/West Orange and Glen Ridge Radium Sites for the U.S.
EPA. This included an analysis of regulatory options available through the Federal
Emergency Management Agency, Army Corp of Engineers and New Jersey
Department of Environmental Protection.

National Compliance Plan. Managed the regulatory components of an $80 million
dollar chromium remediation in Jersey City, New Jersey under an Administrative
Consent Order of the New Jersey Department of Environmental Protection.

Superfund Training. Developed and delivered numerous training programs for EPA
headquarters, EPA Region I, and other federal and state agencies in New York, New
Jersey and the Caribbean. These programs have addressed regulatory compliance
under Superfund, RCRA, TOSCA, FIFRA, OSHA, Federal Facilities Compliance
Act, NEPA, public involvement, remedial project manager training, implementation



of new guidance, and methods to improve performance and accountability within the
Superfund program.

Underground Storage Tank Regulatory Support. For the Virgin Islands,
developed a compliance program to meet all federal regulatory, enforcement,
administrative, and financial requirements. This included both a decision making
model for cleanup alternatives, an enforcement tracking system and a management
system for financial assurance.

Regulatory and Permit Tracking System. Conducted an analysis of state permit
requirements for natural resource projects and developed a one stop permitting
system. This effort included the design and development of a tracking system for all
regulatory and permitting activities for natural resource projects for the State of Utah.
This tracking system covered coal-fired uranium and coal mines, uranium processing
facilities, oil field and oil processing facilities, synthetic fuel projects, and oil and gas
pipelines.

New York State Spill Prevention Support. Prepared numerous materials on spill
prevention in support of the New York State Department of Environmental
Conservation.

National Compliance Plan. Managed the regulatory components of an $80 million
dollar chromium remediation in Jersey City, New Jersey under an Administrative
Consent Order of the New Jersey Department of Environmental Protection.

Synthetic Fuels Permitting Strategies. For private sector clients, prepared
regulatory compliance strategies. For one client, completed all necessary permits for
the construction of a pilot tar sands project.

Federal Coal Leasing Policies. In several studies for the State of Utah and the
Bureau of Land Management (BLM) analyzed proposed alternative mineral leasing
policies on economic development strategies and their environmental impact on the
State of Utah. Evaluated impacts of leasing moratoriums and royalty requirements,
approaches to determining leasing levels, and other socioeconomic and environmental
impacts of this program.

Regulatory Compliance Management. For a number of private clients including
commercial developers, hazardous waste facility managers, and solid waste facility
owners, prepared all environmental documents including EIS’s and RCRA permits.



PUBLIC PARTICIPATION

High Level Nuclear Waste Public Involvement Program. Designed and
coordinated the implementation of a public involvement program for the State of
Utah in response to DOE's proposed siting of a High Level Nuclear Waste Facility at
Canyonlands, Utah. This included utilizing polls and focus groups to determine
public response to alternative scenarios, preparing public information materials and
position papers for the Governor's Office and presentations to Congress.

EPA Superfund Community Relations. For EPA, managed the design,
implementation, and quality assurance of community relation’s activities at over one
hundred of the most complex and sensitive sites in the nation. Community relations’
activities included public involvement plan development, interviewing, focus groups,
alternative dispute resolution, consensus building, public meeting support,
development of fact sheets and other briefing materials, as well as, multi-media
presentations. Under a special assignment, Ms. Conway also managed community
relations support activities for a very sensitive removal action project at the Signo-
Mount Vernon Site in the Bronx. This removal action required the temporary
relocation of thousands of residents. This success earned the project team
commendations from USEPA, New York City, and Mount Vernon City for their
efforts.

¢ NJDEP Superfund Community Relations. For NJDEP, provided public
participation support at over a dozen sites. Support at these sites included the
preparation of community relations plans, focus groups, public meeting support,
surveying, fact sheets, and audio-visual materials, coordination with local officials,
and community relations training and over sight of field activities.

e Private Party Access and Community Relations Support. For a large
corporation, managed the site access and community relations activities including the
temporary relocation of residences and businesses at over two hundred properties, as
part of an $80 million chromium remediation project.

e State Public Participation Programs. For the State of Utah, designed and
implemented public participation programs for the promulgation of state regulations.
Reviewed and evaluated public comments, investigated technical and legal issues,
and developed recommendations for the governor and senior staff regarding policy.
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AFFIDAVIT OF EUGENE I. SMITH



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

In the Matter of:
Docket No. 63-001
U.S. DEPARTMENT OF ENERGY

(Higﬁ Level Waste Repository)

DECLARATION OF EUGENE L. SMITH

1. My pame is Eugene I. Smith. I am a professor of Geology at the University of
Nevada, Las Vegas. My contact information is provided in my curriculum vitae,
which is attached.

2. 1 specializc in Volcanology, Igﬂeous Petrology, Geochemistry, Tectonics, and
Planctary Geology.

3. 1 have reviewed and am familiar with aspects of the Df:parnnem of Energy’s license
apphcanon for this proceeding,

4. T support Clark County’s petition in this proceeding, and adopt as my own the
opinions and statements expressed in contentions CLK-SAFETY-003 through CLK-
SAFETY-011. Said contentions were prepared by me or under my supervision.

STATE OF NEVADA ) |
) ss.
COUNTY OF CLARK ) Z

SUBSCRIBED AND SWORN to before
me this 2 day of December, 2008.

" NOTARY PUBUC ¥
STATE OF NEVADA
County of Chark E:

4 THOMAS C. snswwo

3193908 1 {6297 1)



CURRICULUM VITAE
EUGENE I. SMITH

November 1, 2008
Mailing Address: Department of Geoscience

University of Nevada (UNLV)
Las Vegas, Nevada 89154-4010

gene.smith@unlv.edu

Telephone: office: (702) 895-3971
FAX: (702)) 895-4064

Educational Background:

University Deqgree Year
University of New Mexico Ph.D. 1970
University of New Mexico M.S. 1968
Wayne State University B.S. 1965

Specialties:, Volcanology, Igneous Petrology, Geochemistry, Tectonics, Planetary Geology

Professional Experience:

8/88 to present: Professor of Geology, UNLV

7/83-7/86: Chair, Department of Geoscience, UNLV

9/80 to 8/88: Associate Professor of Geology, UNLV

9/76-8/80: Associate Professor of Earth Science, University of Wisconsin-
Parkside

9/72-9/76: Assistant Professor of Earth Science, University of Wisconsin-
Parkside

9/70-6/72: Post-doctoral Research Associate to Professor W.E. Elston,

Department of Geology, University of New Mexico

9/68-8/70: Graduate Research Assistant to Professor W.E. Elston, Department
of Geology, University of New Mexico



8/68-8/80: Geologist WAE, U.S. Geological Survey, Branch of Astrogeology,
Flagstaff, AZ

6/66-7/68: Geological Field Assistant WAE, U.S. Geological Survey, Branch of
Astrogeology, Flagstaff, AZ

6/64-9/64: Undergraduate Research Assistant to Professor A.J. Mozola,
Department of Geology, Wayne State University, Detroit, Ml

Professional Society Memberships:

American Association for the Advancement of Science

American Geophysical Union

Geological Society of America (Fellow)

Geological Society of Nevada

IAVCEI-International Association of VVolcanology and Chemistry of the Earth’s Interior
Mineralogical Society of America

Phi Kappa Phi

Sigma Gamma Epsilon

Sigma Xi

Grants:

e Bureau of Land Management contract to study the geology of the Sloan Canyon NCA
(2006-2008).

e Bureau of Land Management contract to study the geology of the Sloan Canyon NCA
(2005)

e Nevada Agency for Nuclear Projects grant to study basaltic volcanism in the Great Basin
(2000-2001).

e U.S. Navy Geothermal Office Grant to study volcanic rocks in the Lava Mountains,
(1998-1999.

e U.S. Navy Geothermal Office Grant with Rodney Metcalf to study volcanic rocks in the
Lava Mountains, California and the Mt. Perkins Pluton, Arizona (1996-1998).

e Grants from Nevada Nuclear Waste Project Office (NWPO) to study late- Miocene and
younger volcanic activity in southern Nevada (ten years of funding) (1985-1996).

e NSF Grant with J. Faulds and P. Gans to study the structural and geochemical
development of the northern Colorado River extensional corridor (1991-1993).

e UNLV Research Council grant to support the study of Tertiary volcanic rocks in Clark
County, Nevada (1983).

e NASA Grant NGR 50-009-001 for the study of volcanic fields in California, New
Mexico and Wisconsin. The grant also funded the study of volcanic domes and craters on
Mars, Mercury, Moon and Earth (6 years of funding)(1973-1979).

e Four University of Wisconsin research grants to support the study of Precambrian
igneous rocks of south-central Wisconsin (1973-1977).



Awards:

e Recipient of the Harry Reid Nevada Star Award for Research (2006).
e Recipient of UNLV College of Sciences Distinguished Researcher Award, 1999.
e National Defense Education Act (NDEA) Title IV Fellowship, 9/65-6/68

Current Research:

1. Geology of Quaternary-Pliocene basalts in the southern and central Great Basin and
Colorado Plateau.

2. Volcanic hazard studies related to placing a nuclear waste repository at Yucca Mountain,
Nevada.

3. Geology of basalts in the Yellowstone Plateau volcanic field, implications for the future
development of the Yellowstone volcanic system.

4. Geochemical, structural and field study of the volcanic and plutonic rocks of the Lake Mead
Volcanic Field.

5. The formation of intermediate composition igneous rocks in an extensional environment.

Editorial Responsibilities

e Associate editor of the Geological Society of America Bulletin 1999-2008
e Associate editor of the Journal of Geophysical Research (Geochemistry and Volcanology)-
1996-1999

Research Advisor for the following students:

University of New Mexico:
e Anthony Sanchez
University of Wisconsin-Parkside:
e James Grimes
Bill Stupak
Jill Hartnell
Ray Spangers
Cliff Brandon
NLV:

e Crow, H. Clay, 111, 1984, Geochemistry of shonkinites, syenites, and granites associated
with the Sulfide Queen carbonatite body, Mountain Pass, California [MS thesis]: Las Vegas,
University of Nevada, 56 p.

C. e o o

e Myers, Ingrid A., 1984, Geology and mineralization at the Cyclopic mine, Mohave County,
Arizona [MS thesis]: Las Vegas, University of Nevada, 64 p.

e Mills, James G., Jr., 1985, The geology and geochemistry of volcanic and plutonic rocks in
the Hoover Dam 7 1/2 minute quadrangle, Clark County, Nevada and Mohave County,
Arizona [MS thesis]: Las Vegas, University of Nevada, 119 p.



Timm, John J., 1985, Age and significance of paleozoic sedimentary rocks in the southern
River Mountains, Clark County, Nevada [MS thesis]: Las Vegas, University of Nevada, 62 p.

Feuerbach, Daniel L., 1986, Geology of the Wilson Ridge pluton : a mid-Miocene quartz
monzonite intrusion in the northern Black Mountains, Mohave County, Arizona and Clark
County, Nevada [MS thesis]: Las Vegas, University of Nevada, 79 p.

Naumann, Terry R., 1987, Geology of the central Boulder Canyon quadrangle, Clark
County, Nevada [MS thesis]: Las Vegas, University of Nevada, 68 p.

Schmidt, Casey S., 1987, A mid-Miocene caldera in the central McCullough Mountains,
Clark County, Nevada [MS thesis]: Las Vegas, University of Nevada, 78 p.

Sewall, Angela J., 1988, Structure and geochemistry of the upper plate of the Saddle Island
detachment, Lake Mead, Nevada [MS thesis]: Las Vegas, University of Nevada, 84 p.

Cole, Erin D., 1989, Petrogenesis of late Cenozoic alkalic basalt near the eastern boundary
of the Basin-And-Range: Upper Grand Wash trough, Arizona and Gold Butte, Nevada [MS
thesis]: Las Vegas, University of Nevada, 68 p.

Larsen, Lance L., 1989, The origin of the Wilson Ridge pluton and its enclaves,
northwestern Arizona: Implications for the generation of a calc-alkaline intermediate pluton
in an extensional environment [MS thesis]: Las Vegas, University of Nevada, 81 p.

Bridwell, Hayden L., 1991, The Sloan Sag: A mid-Miocene volcanotectonic depression,
north-central McCullough Mountains, southern Nevada [MS thesis]: Las Vegas, University
Of Nevada, 147 p.

Cascadden, Tracy E., 1991, Style of volcanism and extensional tectonics in the eastern
Basin and Range Province: northern Mojave Co., Arizona [MS thesis]: Las Vegas,
University Of Nevada, 156 p.

Morikawa, Shirley A., 1993, The Geology of the Tuff of Bridge Spring: southern Nevada
and northwestern Arizona [MS thesis]: Las Vegas, University of Nevada, 165 pp.

Rash, Kelly B., 1995, Geology and geochemistry of Tertiary volcanic rocks in the northern
Reveille and southern Pancake Ranges, Nye County, Nevada [MS thesis]: Las Vegas,
University of Nevada, 171 p.

Séanchez, Alexander, 1995, Mafic volcanism in the Colorado Plateau / Basin-and-Range
transition zone, Hurricane, Utah [MS thesis]: Las Vegas, University of Nevada, 92 p.

Boland, Kelly A., 1996, The petrogenesis of andsites produced during regional extension:
Examples from the northern McCullough Range, Nevada and Xitle volcano, Mexico [MS
thesis]: Las Vegas, University of Nevada, 127 p.

Dickson, Loretta D., 1997, Volcanology and geochemistry of Pliocene and Quaternary
basalts on Citadel Mountain, Lunar Crater volcanic field, Pancake Range, Nevada [MS



thesis]: Las Vegas, University of Nevada, 146 p. (Received the UNLV Alumni Association
award for the most outstanding thesis for the academic year 1997-98)

Downing Reina, 2000, Imaging the Mantle in Southwestern, Utah Using Geochemistry, and
Geographic Information Systems [MS thesis]: Las Vegas, University of Nevada, 129 p.

Keenan, Deborah L., 2000, A study of the Lava Mountians, San Bernadino County,
California [MS thesis]: Las Vegas, University of Nevada, 81p.

Herrington, Juliana, 2000, Significance of the prevolcanic conglomerate of the Colorado
River extensional corridor, Nevada and Arizona [MS thesis]: Las Vegas, University of
Nevada, 83p.

Sanford, Aaron L., 2000, Geologic history of the McCullough Pass caldera [MS thesis]:
Las Vegas, University of Nevada, 111p.

Elizabeth Stickney, 2004, Quaternary basaltic volcanism in the northern part of the Lunar
Crater volcanic field, Nevada:, 103 p.

Matt Faust, 2005, Petrogenesis and geochemistry of Pleistocene and Pliocene basalt flows
of the Pine Valley Volcanic Field, Utah and their relationship to the tectonics of the Utah
Transition Zone [MS thesis]: University of Nevada), 116 p.

Denise Honn, 2005, Nested Calderas of the northern Kawich Range, central Nevada [MS
thesis]: Lasa Vegas, University of Nevada, 92 p.

Denise Honn Ph.D. Linking a volcanic-plutonic system in the River Mountains and Wilson
Ridge Pluton. (work in progress).

Shara Leavitt, 2006, Volcanology and Petrogenesis of the Navajo Lake Volcanic Field,
Utah : [MS thesis]: Las Vegas, University of Nevada, 94 p.

Kristeen Bennett, 2006, Petrogenesis of Pleistocene basalts in the Norris-Mammoth
Corridor, Yellowstone National Park : [MS thesis]: Las Vegas, University of Nevada, 120 p.

Matt McKelvey, Geology of the southern Reveille Range, Nevada: [MS thesis]: Las Vegas,
University of Nevada, 103 p..

Audrey Rager (Ph.D.), Basalts, tectonics and Corona on Venus, How is important is plate
tectonics (work in progress).

Ashley Tibbetts (Ph.D.), Geology of the Death Valley volcanic field (work in progress).

Christi Emery, Volcanology of the southern Quinn Canyon Range, central Nevada (work in
progress).

Racheal Johnsen, Volcanology of two volcanic fields in SW Utah, implications for tectonics
and mantle source (work in progress).



Students who left UNLV before completing their degrees
o Jeff Nejedly

Robert Yasek
Tom Wickham
Joe Blaylock
Heather Putnam

Post-Doctoral Research Associates

Jim Faulds (now an research scientist with the Nevada Bureau of Mines and Geology)
Mark Martin (now a research fellow at MIT)

Jim Mills (now an associate professor at DePauw University, Indiana)

Tim Bradshaw (now a science advisor to the House of Lords, London)

Gene Yogodzinski (now an assistant professor at the University of South Carolina)

Research Associates (Professional Staff with M.S. degrees)

Dan Feuerbach
Terry Naumann
Alex Sanchez
Shirley Morikowa
Deb Keenan
Denise Honn
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1. Elston, W.E., Lambert, P.\W. and Smith, E.l., 1968, Striated cones: wind abrasion

features, not shatter cones: in Short, N.M., and French, B.M., eds., Shock Metamorphism
of Natural Materials, Mono Book Corporation, Baltimore, p. 287- 290.

Mozola, A.J. and Smith, E.I., 1969, Glacial drift thickness map of Wayne County,
Michigan: in Mozola, A.J., Geology for land and ground-water development in Wayne
County, Michigan: Geological Survey of Michigan, Report of Investigation 3, 25 pp.

Elston, W.E., and Smith, E.I., 1970, Determination of flow direction of rhyolite ash-flow
tuffs from fluidal textures: Geological Society of America Bulletin, v. 81, p. 3393- 3406.

Elston, W.E., Aldrich, M.J., Smith, E.I., and Rhodes, R.C., 1971, Non-random
distribution of lunar craters: Journal of Geophysical Research, v. 76, no. 23, p. 5675-
5682.




5. Smith, E.I., 1971, Determination of the origin of small lunar and terrestrial craters by
depth-diameter ratio: Journal of Geophysical Research, v. 76, no. 23, p. 5683- 5689.

6. Rhodes, R.C., and Smith, E.l., 1972, Directional fabric of ash-flow sheets in the
northwest part of the Mogollon Plateau, New Mexico: Geological Society of America
Bulletin, v. 83, p. 1863-1868.

7. Smith, E.I., and Rhodes, R.C., 1972, Flow direction of lava flows: Geological Society of
America Bulletin, v. 83, p. 1869-1874.

8. Rhodes, R.C., and Smith, E.I., 1973, Geology and tectonic setting of the Mule Creek
Caldera, New Mexico, USA: Bulletin Volcanologique, v. 36, no. 3, p. 401-411.

9. Smith, E.I., 1973, Mono Craters, California: A new interpretation of the eruptive
sequence: Geological Society of America Bulletin, v. 84, p. 2685-2690.

10. Smith, E.I., 1973, Identification, distribution and significance of lunar volcanic domes:
The Moon, v. 6, nos. 1/2, p. 3-31.

11. Smith, E.I., and Sanchez, A.G., 1973, Fresh lunar craters: morphology as a function of
diameter, a possible criterion for crater origin: Modern Geology, v. 4, p. 51-59.

12. Elston, W.E., Damon, P.E., Coney, P.J., Rhodes, R.C., Smith, E.I., and Bickerman, M.,
1973, Tertiary volcanic rocks, Mogollon Plateau, New Mexico and surrounding regions:
K-Ar dates and patterns of eruption: Geological Society of America Bulletin, v. 84, p.
2259-2274.

13. Elston, W.E., and Smith, E.I., 1973, Mars, evidence for dynamic processes from Mariners
6 and 7: Icarus, v. 19, p. 180-194.

14. Smith, E.I., and Rhodes, R.C., 1974, The Squirrel Springs volcanotectonic depression, a
buried cauldron in southwestern New Mexico: Geological Society of America Bulletin,
v. 85, p. 1865-1868.

15. Smith, E.I., 1974, Rumker Hills, a lunar volcanic dome complex: The Moon, v. 10, no. 2,
p. 175-182.

16. Smith, E.1., and Sanchez, A.G., 1975, Fresh lunar craters: morphology as a function of
diameter, a possible criterion for crater origin, Reply: Modern Geology, v. 5, p. 175-176.

17. Smith, E.I., 1976, Comparison of the crater morphology-size relationship for Mars, Moon
and Mercury: Icarus, v. 28, p. 543-550.

18. Rhodes, R.C., and Smith, E.I., 1976, Stratigraphy and structure of the northwestern rim
of the Mogollon Plateau volcanic province, Catron County, New Mexico: New Mexico
Geological Society Special Publication No. 5, p. 57-62.
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20.

21.

22,

23.

24,

25.

26.

27,

28.

29.

30.

Smith, E.1., 1976, Structure and morphology of the John Kerr Peak dome complex,
southwestern New Mexico: New Mexico Geological Society Special Publication No. 5,
p. 71-78.

Smith, E.1., Aldrich, M.J., Deal, E.G., and Rhodes, R.C., 1976, Fission track ages of
Tertiary volcanic rocks, Mogollon Plateau, southwestern New Mexico: New Mexico
Geological Society Special Publication No. 5, p. 117-118.

Smith, E.I., 1978, Introduction to the Precambrian rocks of south-central Wisconsin:
Geoscience Wisconsin, v. 2, p. 1-17.

Smith, E.1., Paull, R.A., and Mudrey, M.G., 1978, Precambrian inliers in south-central
Wisconsin: Wisconsin Natural History and Geological Survey Field Trip Guide Book
No. 2, 89 pp.

Smith, E.1., 1978, Precambrian rhyolites and granites in south-central Wisconsin: field
relations and geochemistry: Geological Society of America Bulletin, v. 89, p. 975- 980.

Smith, E.I., and Stupak, W.A., 1978, A Fortran IV program for the classification of
volcanic rocks using the Irvine and Baragar classification: Computers and Geoscience, V.
4, p. 89-99.

Smith, E.I., and Hartnell, J.A., 1978, Crater size-shape profiles for the Moon and
Mercury: The Moon and Planets, v. 19, p. 479-511.

Smith, E.1., Slagle, M.J., and Luzader, S., 1980, Impact cratering experiment for a course
in lunar and planetary geology: Journal of Geological Education, v. 28, p. 204-2009.

Bell, J., and Smith, E.I., 1980, Geological map of the Henderson quadrangle, Clark
County, Nevada: Nevada Bureau of Mines and Geology, Map 67.

Parolini, J.R., Smith, E.I., and Wilbanks, J.R., 1981, Fission track dating of gravity slide
blocks in the Rainbow Gardens, Clark County, Nevada: Isochron/West, no. 30, p. 9-10.

Smith, E.I., 1982, Geology and geochemistry of the volcanic rocks in the River
Mountains, Clark County, Nevada and comparisons with volcanic rocks in nearby areas:
in Frost, E.G., and Martin, D.L. eds., Mesozoic-Cenozoic tectonic evolution of the
Colorado River Region, California, Arizona and Nevada: San Diego, California,
Cordilleran Publishers, p. 41-54.

Smith, E.I., 1984, Geochemistry and evolution of the early Proterozoic Post-Penokean
rhyolites and granites, and related rocks of south-central Wisconsin: Geological Society
of America Memoir 160, p. 113-128.
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32

33.

34.

35.

36.

37.

38.

39.

40.

Smith, E.1., 1984, Geologic map of the Boulder City quadrangle, Nevada: Nevada Bureau
of Mines and Geology, Map 81.

. Choukroune, Pierre, and Smith, E.I., 1985, Detachment faulting and its relationship to

older structural events on Saddle Island, River Mountains, Clark County, Nevada:
Geology, v. 13, p. 421-424.

Myers, I.A., Smith, E.I., and Wyman, R.V., 1986, Control of gold mineralization at the
Cyclopic Mine, Gold Basin District, Mohave County, Arizona: Economic Geology, v. 81,
no. 6, p. 1553-1557.

Smith, E.I., 1986, Field Guide to the Geology of the eastern River Mountains and the
Hoover Dam area, Clark County, Nevada: in Rowland, S.R., Field Guide to the Geology
of Southern Nevada, prepared for the NAGT-FWS Meeting, Las Vegas, Oct. 3-5, 1986,
p. 22-64.

Smith, E.I., Anderson, R.E., Bohannon, R.J. and Axen, Gary, 1987, Structure,
volcanology, and sedimentology of mid-Tertiary rocks in the eastern Basin-and- Range
Province, Southern Nevada: in Davis, G.H. and VandenDolder, Geologic Diversity of
Arizona and its Margins: Excursions to Choice Areas: Arizona Bureau of Geology and
Mineral Technology, Geological Survey Branch Special Paper 5, p. 383-397.

Weber, M.E., and Smith, E.I. 1987, Structural and geochemical constraints on the
reassembly mid-Tertiary volcanoes in the Lake Mead area of southern Nevada: Geology,
v. 15, p. 553-556.

Guth, Peter and Smith, E.1., 1987, Discussion of the paper by Ron and others, "Strike-slip
faulting and block rotation in the Lake Mead Fault System", Geology, v. 15, p. 579-580.

Smith, E.1., Schmidt, C.S., and Mills, J.G., 1988, Mid-Tertiary volcanoes of the Lake
Mead area of southern Nevada and Northwestern Arizona: in Weide, D.L., and Faber,
M.L., This Extended Land, Geological Journeys in the southern Basin and Range,
Geological Society of America, Cordilleran Section Field Trip Guidebook; UNLV
Department of Geoscience, Special Publication No. 2, p. 107-122.

Faulds, J.E., Hillemeyer, F.L., and Smith, E.I., 1988, Geometry and kinematics of a
Miocene "Accommodation Zone" in the central Black and southern Eldorado Mountains,
Arizona and Nevada: in Weide, D.L., and Faber, M.L., This Extended Land, Geological
Journeys in the southern Basin and Range, Geological Society of America, Cordilleran
Section Field Trip Guidebook; UNLV Department of Geoscience, Special Publication
No. 2, p. 293-310.

Smith, E.I., Feuerbach, D.L., Naumann, T.R. and Faulds, J.E., 1990, The area of most
recent volcanism about Yucca Mountain, Nevada: Implications for volcanic risk
assessment: in Proceedings of the International Nuclear Waste Symposium, v. 1,
American Nuclear Society and American Society of Civil Engineers, p. 90-97.
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45.

46.

47.

48.

49.

Smith, E.1., Feuerbach, D.L, Naumann, T.R. and Mills, J.E., 1990, Geochemistry and
evolution of mid-Tertiary igneous rocks in the Lake Mead area of Nevada and Arizona:
in Anderson, J.L., Cordilleran Magmatism: Geological Society of America Memoir 176,
p. 169-194.

Larsen, L.L. and Smith, E.I., 1990, Mafic enclaves in the Wilson Ridge Pluton,
northwestern Arizona: Implications for the generation of a calc-alkaline intermediate
pluton in an extensional environment: Journal of Geophysical Research, v. 95, p. 17693-
17716.

Duebendorfer, E.M., Sewall, A.J., and Smith, E.I., 1991, The Saddle Island Detachment
fault, an evolving shear zone in the Lake Mead area of southern Nevada: in Wernicke, B.,
Mid-Tertiary extension at the latitude of Las Vegas: Geological Society of America
Memoir 176, p. 77-97.

Duebendorfer, E.M. and Smith, E.I., 1991, Tertiary structure, magmatism and
sedimentation in the Lake Mead region, southern Nevada, in Seedorf, E., ed., Tertiary
geology and volcanic-hosted gold deposits of the southern Great Basin: Geological
Society of Nevada Special Publication 13, p. 66-95.

Naumann, T.R., Smith, E.I., Shafiqullah, M., and Damon, P.E., 1991, New K-Ar ages for
mafic to intermediate volcanic rocks in the Reveille Range, Nevada: Isochron West, p.
12-16.

Feuerbach, D.L., Smith, E.1., Shafiquallah, M., and Damon, P.E., 1991, New K-Ar dates
for mafic late-Miocene to Pliocene volcanic rocks in the Lake Mead area, Arizona and
Nevada: Isochron West, p. 17-20.

Ho, Chih-Hsiang, Smith, E.I., Feuerbach, D.L. and Naumann, T.R., 1991, Eruptive
probability calculation for the Yucca Mountain site, USA: statistical estimation of
recurrence rates: Bulletin of Volcanology, v. 53.

Metcalf, R.V., Smith, E.I., and Mills, J.G., 1993, Magma mixing and commingling in the
northern Colorado River extensional corridor: constraints on the production of
intermediate magmas: in Lahren, M.M., Trexler, J.H., and Spinosa, C., eds., Crustal
evolution of the Great Basin and Sierra Nevada: Cordilleran/Rocky Mountain Section,
Geological Society of America Guidebook, Department of Geological Sciences,
University of Nevada, Reno, p. 35-56.

Smith, E.1.,, 1993, 1.76 b.y. old granites and rhyolites in the conterminous United States:
in Reed, J.C., Bickford, M.E., Houston, R.S., Link, P.K., Rankin, D.W., Sims, P.K., and
Van Schmus, W.R., Precambrian: Conterminous U.S., Geological Society of America,
Decade of North America Geology (DNAG), v. C-2, p. 64-66.
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52.
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54,

55.

56.

57.

58.

59.

60.

Feuerbach, D.L., Smith, E.l., Walker, J.D. and Tangeman, J.A., 1993, The role of the
mantle during crustal extension: constraints from geochemistry of volcanic rocks in the
Lake Mead area, Nevada and Arizona: Geological Society of America Bulletin, v 105, p.
1561-1575.

Rowell, A.J., Rees, M.N., Duebendorfer, E.M., Wallin, E.T., Van Schmus, W.R., and
Smith, E.1., 1993, An active Neoproterozoic margin: evidence from the Skelton Glacier
area, Transantarctic Mountains: Journal of the Geological Society, London, v. 150, p.
677-682.

Duebendorfer, E.M., Smith, E.I., and Faulds, J.E., 1994, Geologic setting of the area
between Lake Mead Nevada, and Needles, California in Sherrod, D. and Nielson, J., eds.,
Teriary stratigraphy of highly extended terranes: U.S. Geological Survey Bulletin 2053,
p. 1-5.

Wallin, E.T., Duebendorfer, E.M. and Smith, E.l., 1994, Tertiary stratigraphy of the
Lake Mead region in Sherrod, D. and Nielson, J., eds., Teriary stratigraphy of highly
extended terranes: U.S. Geological Survey Bulletin 2053, p. 33-35.

Bradshaw, T.K., and Smith, E.I., 1994, Polygenetic Quaternary volcanism in Crater Flat,
Nevada: Journal of VVolcanology and Geothermal Research, v. 63, p. 165-182

Purkey, B.W., Duebendorfer, E.M., Smith, E.I., Price, J.G., and Castor, S.B., 1994,
Geologic tours in the Las Vegas area: Nevada Bureau of Mines and Geology, Special
Publication 16, 156 pp.

Metcalf, R.V. and Smith, E.I., 1995, Introduction to special section: Magmatism and
Extension: Journal of Geophysical Research, v. 100, no. B7, p. 10,249-10,253.

Metcalf, R.V., Smith, E.l., Walker, J.D., Reed, R.C., and Gonzalas, D.A., 1995, Isotopic
disequilibrium among commingled hybrid magmas: evidence for a two-stage magma
mixing-commingling process in the Mt. Perkins Pluton, Arizona: Journal of Geology, v.
103, p. 509-527.

Yogodzinski, G.M., Naumann, T.R., Smith, E.I., Bradshaw, T.K. and Walker, J.D., 1996,
Crustal assimilation by alkalic basalt, and the evolution of a mafic volcanic field in the
central Great Basin, south-central Nevada: Journal of Geophysical Research, v. 101, p.
17,425-17,445.

Ho, C.-H. and Smith, E.I., 1997, Volcanic hazard assessment incorporating expert
knowledge: application to the Yucca Mountain Region, Nevada, U.S.A.: Journal
Mathematical Geology, v. 29, no. 5, p. 615-627.

Duebendorfer, E.M., Beard, Sue, and Smith, E.I., 1998, Restoration of Tertiary Extension
in the Lake Mead region, southern Nevada: The role of strike-slip transfer zones: in
Faulds, J.E. and Stewart, J.H., eds., Accomodation Zones and Transfer Zones: The
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67.

68.

Regional Segmentation of the Basin and Range Province: Geological Society of America
Special Paper 323, p. 127-148

Ho, C.-H. and Smith, E.I., 1998, A Spatial-Temporal/3-D model for volcanic hazard
assessment: application to the Yucca Mountain region, Nevada: Mathematical Geology,
v. 30, no. 5, p. 497-510.

Rees, M.N., Smith, E.I., Keenan, D.L., and Duebendorfer, E.M., 1999, Cambrian
Magmatic Rocks of the Ellsworth Mountains, West Antarctica: Antarctic Journal of the
United States, Review 1997, v. 32, no. 5, p. 3-5.

Faulds, J.E., Smith, E.I., and Gans, Phil, 1999, Spatial and temporal patterns of
magmatism and extension in the Northern Colorado River Extensional Corridor, Nevada
and Arizona: A preliminary report: in Faulds, J.E., Cenozoic geology of the Northern
Colorado River Extensional Corridor, southern Nevada and northwestern Arizona:
Economic implications of regional segmentation structures, Nevada Petroleum Society
1999 field trip guidebook, Reno, Nevada, p. 171-183.

Smith, E.I. and Sanchez, A., Walker, J.D. and Wang, K, 1999, Geochemistry of mafic
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Spell, T.L., Smith, E.I., Sanford, Aaron, Zanetti, K.A., 2001, Systematics of xenocrystic
contamination: preservation of discrete feldspar populations at McCullough Pass Caldera
revealed by “Ar/**Ar dating: Earth and Planetary Science Letters, v. 190, p. 153-165.

Downing, R.F., Smith, E.I., Orndorff, R.L., Spell, T.L. and Zanetti, K.L., 2001, Imaging the
Colorado Plateau - Basin and Range Transition Zone using basalt geochemistry,
geochronology and geographic information systems: in Erskine, M.C., Faulds, J.E., Bartley,
J.M., and Rowley, P.D., The Geologic Transition, High Plateaus to Great Basin-A
Symposium and Field Guide, The J.H. Mackin Volume, Utah Geological Association
Publication 30 and Pacific Section American Association of Petroleum Geologists
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Faulds James E., Feuerbach Daniel L., Miller Calvin F., and Smith Eugene I., 2001,
Cenozoic evolution of the Northern Colorado River Extensional Corridor, southern Nevada
and northwestern Arizona: : in Erskine, M.C., Faulds, J.E., Bartley, J.M., and Rowley, P.D.,
The Geologic Transition, High Plateaus to Great Basin-A Symposium and Field Guide, The
J.H. Mackin Volume, Utah Geological Association Publication 30 and Pacific Section
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Tingley, J., Purkey, B.W., Duebendorfer, E.M., Smith, E.I., Price, J.G., and Castor, S.B.,
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Basin and Range, southwestern USA: Journal of Geophysical Research, v. 107, no. B1,
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Smith, E.l., Sanchez, A., Keenan, D.L., Monastero, F.C., 2002, Stratigraphy and
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mith, E.I. and Metcalf, R.V., 1995, Magmatism and Extension: Journal of Geophysical
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14



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Smith, E.1., and Elston, W.E., 1971, Martian stratigraphy and terrain classification: a
basis for the geological mapping of Mars: Transactions of the American Geophysical
Union, v. 52, no. 4, p. 263.

Elston, W.E., and Smith, E.I., 1971, Stratigraphy and classification of martian terrains
photographed by Mariners 6 and 7: XV General Assembly of the 1.U.G.S., Moscow.

Rhodes, R.C., Smith, E.I., and Elston, W.E., 1972, The mid-Tertiary Mogollon-Datil
volcanic province, southwestern New Mexico, Part I, VVolcano-tectonic timing:
Geological Society of America, Abstracts with Programs, v. 4, no. 3, p. 224.
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RESEARCH INTERESTS AND RECENT ACTIVITIES

Conducts research in human reliability analysis (HRA), probabilistic risk
assessment (PRA) of technological systems, modeling uncertainties in all
areas of risk analysis and risk management, extending PRA/HRA to new
industries and applications, and technical risk communication.

PROFESSIONAL POSITIONS
Member, USNRC Advisory Committee on Reactor Safeguards (since 2007)
President, Buttonwood Consulting, Inc. (since 1994)
Principal of The WreathWood Group (a joint venture, since 1995)
Consultant, PLG, Inc. (1979-1994)
Commissioned Officer, U.S. Navy Nuclear Propulsion Program (1968-1974)
Engineer, Cincinnati & Suburban Bell Telephone Co. (1967)

SUMMARY OF PROFESSIONAL EXPERIENCE

President of Buttonwood Consulting, Inc., and Principal of The
WreathWood Group, with more than 35 years of experience in nuclear and
electrical engineering, reliability and availability analysis, data analysis,
plant and human modeling for risk assessment, modeling of proliferation
resistance and physical protection, expert elicitation, treatment of
uncertainty, decision analysis, expert systems, and technical management.
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Recognized for development and application of probabilistic risk
assessment (PRA) to a wide range of engineered facilities. His approach
to PRA takes advantage of extensive review and understanding of
operational events to ensure fidelity of the PRA to real world events.
Principal Investigator and Project Manager for numerous full scope PRAs
for nuclear reactor facilities in all modes of operation, and for the chemical
process, defense, transportation, and space industries. Primary utility PRA
witness during the 1983 Indian Point hearings- the only Atomic Safety and
Licensing Board hearings to examine the risk from licensed, operating
nuclear power plants.

Co-developer of the Gen-1V methodology for proliferation resistance and
physical protection (PR&PP). Co-developer of “A Technique for Human
Event Analysis” (ATHEANA) for the U.S. Nuclear Regulatory Commission,
a method for human reliability analysis in support of probabilistic risk
analysis (PRA). Itis a process that brings together the diverse fields of
engineering, PRA, operations, human factors engineering, and behavioral
science and focuses on the context under which human actions occur.
Developer of the process flow PRA model, applicable to a wide range
process systems, where the operational configuration changes as the
mission evolves. Developer of a spatial interactions approach to fire and
flood analysis for PRA and a mechanistic risk assessment model for the
initial stages of fire. Extended human reliability models to nuclear plant low
power and shutdown conditions. Co-developer of the Bayesian diagnostic
analysis approach to expert systems design.

Lecturer at university, industry, and government short courses on all
aspects of PRA.

Operations and maintenance experience in the Reactor Department of the
USS Enterprise, responsible for personnel and equipment during
deployment and refueling-overhaul.

Memberships, Licenses, and Honors

American Association for the Advancement of Science
Association for Computing Machinery

American Nuclear Society

American Statistical Association

Eta Kappa Nu

Institute of Electrical and Electronics Engineers
International PSAM Conference Board of Directors
MIT Sloan Research Trainee, 1974-1975
Registered Nuclear Engineer, State of California
Sherman R. Knapp Fellowship at MIT, 1975-1976
Sigma Xi, The Scientific Research Society

Society for Risk Analysis

U.S. Naval Reserve, Commander, retired
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PROBABILISTIC RISK ASSESSMENT (PRA) EXPERIENCE
Summary of Related Experience

Operating Experience: USS Enterprise CVAN 65 nuclear propulsion trained
officer/operator. Qualified Propulsion Plant Watch Officer, Central Control Engineering
Officer of the Watch, Reactor Duty Officer, and Propulsion Duty Officer. Stood operating
watches in individual propulsion plants, responsible for operation of two pressurized water
nuclear reactors, each having four steam generators and powering one main turbine and
shaft, one catapult, several turbine-generators, and associated auxiliary equipment.

Stood operating watches in Central Control responsible for all four propulsion plants and
associated auxiliary equipment. As Reactor Duty Officer and Propulsion Duty Officer,
responsible for all reactors and propulsion equipment in the absence of the Reactor
Officer or Engineer Officer.

Maintenance Experience. USS Enterprise Propulsion Plant Station Officer (engineer),
responsible for scheduling and execution of maintenance of all equipment in one
propulsion plant during deployment and during refueling-overhaul. Responsible for
training of all maintenance personnel. Similar to the duties of a maintenance
superintendent in a commercial power plant.

Nuclear Engineering Qualifications. US Navy Nuclear Power School Officers’ Course; US
Navy Nuclear Power Training Unit; qualifications aboard USS Enterprise; Cornell
University, graduate courses in Engineering Physics (nuclear engineering); MIT, Ph.D. in
Nuclear Reactor Engineering; registered Nuclear Engineer, State of California certificate
number NU 2221.

Nuclear PRA Related Qualifications. Author of many papers and reports on PRA
applications and methods development, as detailed in publications list. Principal
investigator and analyst for many nuclear and non-nuclear PRA projects as detailed in the
following sections.

Member of the Department of Energy Experts Working Group on Assessment Methods for
Proliferation Resistance and Physical Protection of Generation IV Nuclear Energy
Systems (2003-present) and member of the_Department of Energy Generation IV
Roadmap Evaluation Methods Group (2000-2002).

Witness on results of PRAs for legal hearings concerning facility safety:

Bley, D. C., "Declaration of Dennis C. Bley to Superior Court of the State of
California for the County of Los Angeles in Support of [Probabilistic Risk
Assessment of Hydrogen Fluoride Facilities for South Coast Air Quality
Management District],” March 27, 1992.

Garrick, B. J., D. C. Bley, S. Kaplan, and T. E. Potter, "Transcripts of Indian Point
Testimony before the U.S. Nuclear Regulatory Commission's Atomic Safety and
Licensing Board," 1982-1983.



DENNIS C. BLEY (continued) 4

Member of the Senior Consulting Group to the USNRC'’s Accident Sequence Evaluation
Program (ASEP) and NUREG-1150 risk studies, 1982-1991.

Invited speaker on PRA to USNRC and DOE advisory committees on safety:

Bley, D. C., "Advantages and Disadvantages of Various PRA Methods in Decision
Making," presented at the Seminar on PRA for ACRS Members, Bethesda,
Maryland, October 3-4, 1989.

Bley, D. C., "Quantitative Risk Assessment: Overview and Applications,"
presented to the U.S. Department of Energy Advisory Committee for Nuclear
Facility Safety, at the University of California, Irvine, November 30, 1988.

Education/Training Qualifications. Lecturer for short courses in PRA: MIT Summer
Nuclear Reactor Safety Course, MIT-NANT (INPO) Risk-Informed Operational Decision
Management Course, UCLA PRA/Risk Management Course; MIT IPE Course, USNRC
PRA Applications Course; special courses designed for nuclear utility companies,
aerospace companies, and US Department of Defense organizations. Member of the Oak
Ridge Associated Universities Advisory Committee for the USNRC PRA training program.

Developed procedure guides, organized, and led two-month workshop for Russian
analysts to kickoff PRA of the Russian Kalininskya Nuclear Power Plant at Brookhaven
National Laboratory for the USNRC. Developed utility company PRA group training
programs for most of the PRAs listed in the following section. Each training program
included introductory PRA overview courses for the PRA group and utility management,
courses on each area of the PRA for utility analysts as each project reached the
appropriate stage, courses on use of computer codes, courses on understanding and
presenting results of the study, and courses on using the PRA in a risk management
mode. In addition, each program included extensive on-the-job training including data
gathering in the facility, interpretation of that data, and data analysis. When the students
can spend extended time at the contractor site, their training is much more effective for
several reasons: lack of interference from other demands of the home office, access to
multiple contractor experts in many technical areas, and full-time focus on the PRA.

External Examiner of the University of Hong Kong for a PRA related thesis. Teaching
Assistant at MIT for the subject, Engineering of Nuclear Reactors. Instructor at Cornell
University’s NROTC program: taught Naval Engineering course offered by the Department
of Mechanical Engineering.

Reactor Training Assistant on USS Enterprise responsible for technical training and
gualification of 400 nuclear-trained officers and men during normal operations and in
preparation for annual safeguards examination.
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Transportation and Industry Risk Management Experience
Risk Assessment of Shipping in the Aleutians, 2007-present, Member of the National

Research Council Committee on Risk of Vessel Accidents and Spills in the Aleutian
Islands: Designing A Comprehensive Risk Assessment.

Department of Transportation Human Reliability Analysis of Railroad Control Systems,
2001-present, Facilitator, Researcher and Analyst. Member of a team developing human
reliability analysis of activities by conductors, engineers, dispatchers, and roadway
workers operating with and without the capabilities of new control systems. Extensive use
of expertise of railroad experts: railroad union and management personnel representing all
activities involved in operations; FRA and DOT Volpe Center personnel and contractors
involved in design, operations, and analysis.

Department of Energy Generation IV Nuclear Energy Systems Project, 2001-present,
Member of the Gen-IV Roadmap Evaluation Methodology Group, developing methods
and guidance for use by the Technical Working Groups in evaluating proposed next
generation nuclear energy systems. Member of the Risk and Safety Crosscut Group.
Member of the Proliferation Resistance and Physical Protection methodology group.
Developer of a computer-based Implementation Guide to train and assist users of the
methodology.

Seabrook Station Human Performance Improvement Effort, 2001, Consultant. Consulting
support to the Human Performance group at Seabrook Station, providing advice on all
aspects their program. The effort began in January 2001 with an on-site review of the HP
program and suggestions for future improvements.

Probabilistic Risk Assessment of U.S. Army’s Chemical Weapons Disposal Program:

- 2006, Member of three engineer team performing operational risk assessment during
design of a chemical agent destruction pilot plant for the U.S. Army Program
Manager for Assembled Chemical Weapons Assessment. Assessment examined
potential impact of changes to design in response to operational fires at existing
facilities.

2001-2003, Member of three engineer team directing operational risk assessment at
proposed chemical weapons disposal facilities for the U.S. Army Program Manager
for Assembled Chemical Weapons Assessment. The team examined the risk
associated with operations and maintenance at two storage/destruction sites
comparing three alternative technologies at each site. Risk scenarios initiated by
human action, those exacerbated by unsafe acts, and those requiring human
intervention are considered.

2001-2002, Member of the National Research Council Committee on Evaluation of
Chemical Events at Army Chemical Agent Disposal Facilities. Committee reviewed
all chemical events at operating disposal facilities and is providing recommendations
on evaluating and preventing future events.

2000-2003, Member of the independent Pine Bluff Chemical Disposal Facility QRA
Expert Panel, under contract to Mitretek, reviewing Army QRA.

1994-2000, Member, National Research Council Committee on Review and
Evaluation of the Army Chemical Stockpile Disposal Program. Committee provides
oversight of the chemical demilitarization program for the U.S. Army. Members visit
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all facilities, review analyses, evaluate safety programs (emphasis on human
performance) meet with program managers and analysts, and prepare reports on a
regular basis. Provided extensive review of site-specific PRA/HRA.

Risk Associated with the John Wayne Airport Jet Fuel Storage Tank Farm, 1994, Principal
Investigator. Performed at PLG for Koll Irvine Community Association. Analyzed risk to
neighbors of airport from airplane crashes into large jet fuel storage tanks adjacent to
airport fence.

Probabilistic Risk Assessment of Hydrogen Fluoride Facilities, 1991-1992, Principal
Investigator. Performed at PLG for the California South Coast Air Quality Management
District. Analyzed risk of accidental release from use of HF at local refineries and an HF
supplier. Internal and external events.

8'HTT (High Temperature, Supersonic Wind Tunnel) Probabilistic Risk Assessment,
1990-1991, Investigator. Performed at PLG under subcontract to PRC, Inc. for NASA
Langley Research Center. Analyzed risks associated with a unique mach 7 once-through
wind tunnel that uses 6000 psig air mixed and fired with methane from a 2000 psig source
to provide additional energy. The new design would add liquid oxygen to restore test
section air to a 20% oxygen mixture to permit jet engine testing.

Risk Analysis of a Microelectronics Fabrication Facility, 1988-1989, Principal Investigator.
Performed at PLG for a joint university/industry experimental fabrication facility. Analyzed
risks to employees, adjacent university facilities, and nearby population centers from
highly toxic materials and cryogenic materials used in the fabrication of microelectronics
devices. Both internal and external hazards were considered.

Space Shuttle Probabilistic Risk Assessment: Auxiliary Power Unit and Hydraulic Power
Unit, 1987, Analyst. Performed at PLG for McDonnell Douglas for the National
Aeronautics and Space Administration. Developed event sequence model to analyze
phased mission of the space shuttle from launch to landing and wheel-stop. A unique
model was required that would permit integrating hardware failures and phenomenological
modeling and track dependencies across all mission phases. Included significant data
collection and analysis.

PRA of Sequoyah Fuels Corp. UFs Handling Operations, 1986, Principal Investigator.
Performed at PLG for Kerr McGee. Developed unique phased mission model for the UF;
cylinder filling process. Led visits to the plant and engineering offices. Analyzed the
impact of several modification alternatives on risk of release.
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Nuclear Power Plant PRA Experience

International HRA Empirical Study, 2007-present. Assisted USNRC as member of the
ATHEANA analysis team, performing HRA analyses as part of the study and participating
in meetings planning the study. The study is comparing HRA methods with simulator
data.

PRA Standards, 1999-present. Member of the ANS writing group developing standards
for low power and shutdown PRA of nuclear plants — author of the sections on data
analysis and HRA.

ATHEANA HRA Program, 1992-present, Investigator. Performed initially for Brookhaven
National Laboratory and, later, Sandia National Laboratories for USNRC. A
multidisciplinary project including researchers from several government and private
organizations. Participant in ongoing research program to develop an evolutionary
second generation HRA method that can account for important factors identified in
cognitive psychology to properly model errors of commission and dependencies. The
focus is to return to the operating experience to validate models and identify key factors in
human response. A systematic search scheme has been developed for identifying human
failure events and associated error-forcing contexts that can make error likely. Methods
for probabilistic quantification were developed and applied; a number of applications
continue.

USNRC Framework for Advanced Reactor Regulation, 2003-2007. Assisted Brookhaven
National Laboratory and USNRC develop a process for developing technology-neutral
requirements and regulations for future reactors.

USNRC HRA Guidance for Radioactive Waste, 2004-2006. Assisted USNRC develop
HRA guidance addressing both good practices and review guidance for applications
dealing with the handling of radioactive waste.

Seabrook Station PRA Improvement Effort, 2000-2003, Consultant. Consulting support to
the PRA group at Seabrook Station, providing advice on all aspects their PRA. The
primary initial work involved developing an approach for improving the HRA in response to
criticisms by the industry PRA certification group. Improvements involved providing more
thorough consideration of dependencies, identifying a systematic method for ensuring
consistency in HRA, extending existing methods to account for uncertainty in plant
conditions beyond those modeled in the PRA, organizing and presenting a workshop on
these methods for plant staff, and developing a process for long term improvement.
Continuing work includes updating of the low power and shutdown PRA.

USNRC Handbook of Parameter Estimation for PRA, 2001-2002. Assisted Sandia
National Laboratories and NRC in review and preparation of the handbook.

PRA Standards, 2000-2002. Member of IEEE standards sub-committee 7/5 of the
Nuclear Power Engineering Committee working group on Nuclear Risk Management and
Reliability (NRMR).
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Russian Requlatory Activity: Kalininskya Nuclear Power Plant PRA, 1994-2002, Technical
Lead. Supporting USNRC through Brookhaven National Laboratory in organizing the
PRA project managed by the Russian regulator (Gozatomnadzor) and performed by six
Russian organizations. Required familiarization with Russian regulations and reactor
design, many visits to Moscow and the plant, and coordination of analysis activities
among the Russian organizations. Specific technical tasks included developing procedure
guides for the analysis, developing and leading a two month workshop to kick off project,
training Russian analysts through additional workshops and review sessions, providing
technical guidance for the project, and reviewing the technical work.

PRA Standards, 1998-2002. Supporting USNRC through Brookhaven National
Laboratory in developing draft ASME standards for the performance of PRA that is to be
used in regulatory applications. Author and reviewer of data analysis section.

CSD (Japan) Technical Risk Communication Research Program, 1998-2002, Principal
Investigator. Research on methods and goals of technical risk communications programs
at nuclear utility companies in the U.S. and Europe. Development of a technical risk
communications program for internal use by a large nuclear utility company.

Improved Fire Risk Analysis (FRA) Methodology, 1999-2001, Principal Investigator.
Developed a methodology for determining the frequency of challenging fires for the U.S.
Nuclear Regulatory Commission. Basic idea is to replace the current fire initiating event
frequency *severity factor approach with a mechanistic fire initial phase scenario
frequency that include uncertainty in the analysis.

Risk-Informed Requlation Standard Review Plans, 1997-1998. Supported USNRC
through Princeton Research Associates in reviews of draft Standard Review Plans (SRP)
and supporting reports for the Office of Nuclear Reactor Regulation.

INSS (Japan) Walkdown Procedure Research Program, 1996-1999, Principal Investigator.
Project to develop a general process for constructing plant-specific walkdown procedures
for ensuring that plant systems and operations are conducted in accordance with PRA
models and assumptions in all operating modes.

Risk-Based Studies, 1994-1998, Reviewer. Member of a three person review team for a
series of studies performed by Idaho National Engineering and Environmental Laboratory
for the USNRC. These studies focus on using operating experience to evaluate nuclear
plant systems performance and to compare actual experience with predictions from PRA
analyses.

Human Interface Analysis of the Surry Low Power and Shutdown Accident Frequencies
Program: Level 1 Internal Event Probabilistic Risk Assessment, 1992-1994, Principal
Investigator. Performed at PLG for Brookhaven National Laboratory for USNRC. Led an
HRA based on SLIM for operators at a “Surry-like PWR” for events occurring during cold
shutdown mid-loop operations; i.e., used Surry-specific design, procedures, and training,
under the assumption that mid-loop operations would continue. Participated in plant visit
and operator interviews. Worked with the BNL PRA Principal Investigator and BNL
analysts to revise the event sequence analysis and thermal-hydraulic calculations to
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ensure that realistic scenarios would be modeled. The scope was limited, which
precluded modeling of most human action related dependencies.

Dodewaard Alternate Modes PSA, 1992-1993, Principal Investigator. Performed at PLG
for KEMA and GKN Dodewaard in the Netherlands. Level 1, internal events shutdown
PRA of a small BWR plant with an isolation condenser and a unique pressure suppression
pool design. Task leader for event sequence analysis and HRA of in-vessel and fuel pool
accidents for all shutdown maintenance configurations. Supervised PLG, KEMA, and
GKN analysts in the USA and the Netherlands. Planned and conducted plant visits and
interviews with operators, trainers, maintenance personnel, and plant management.
Trained KEMA PRA team.

Project Plan for Shutdown Events Probabilistic Safety Assessment of a BWR 4/Mark |
Plant, 1992, Principal Investigator. Performed at PLG for Toshiba Corporation, Japan.
Developed a preliminary event sequence model for a particular BWR4 in the US. The
utility agreed to participate to obtain the project plan and preliminary model. The model
was based on the specific BWR4 design, its technical specifications, procedures, outage
history, and next refueling outage plan. Supervised other analysts supporting the
modeling and plan. Provided a course on shutdown PRA for Toshiba engineers.

Advanced Neutron Source Probabilistic Risk Assessment, 1991-1992, Analyst.
Performed at PLG for Oak Ridge National Laboratory. Supported the ORNL PRA of the
DOE ANS high flux reactor after preliminary design was in place. Visited ORNL and
interviewed system designers. Reviewed event sequence analysis. Authored preliminary
analysis of events caused by flow blockage, including fuel manufacturing flaws. Due to
the very high flow and heat flux, minor flow blockage could lead to rapid and serious
damage.

HVAC Systems and Nuclear Plant Safety, 1991-1992, Principal Investigator. Performed
at PLG for Electric Power Research Institute. Led a team of analysts to compare the
results from six PRAs. Plant-specific HVAC designs were identified and compared as
were the risk contributions from the HVAC systems at each plant. Reasons for
differences were identified where possible.

PSA Methods for Potential Accidents Initiated at Shutdown, 1991-1992, Contributing
Author. Performed at PLG for Computer Software Development Co., Ltd., in Japan.
Developed a project plan for conducting shutdown PRA of Japanese PWR’s. Trained
CSD and MAPI engineers in Tokyo on shutdown PRA techniques.

K-Reactor Restart Safety Basis, 1991, Principal Investigator. Performed at PLG with
Stone & Webster Engineering Corp. for Department of Energy Savannah River
Operations Office. Restructured information from the K-reactor PRA into a color-coded,
hierarchical computer-based flow chart presentation that speaks clearly to engineers,
scientists, and managers who have not directly participated in the PRA. It provides an
easy-to-understand summary of reactor upset conditions, their likelihood, and the plant
capability to safely return to a stable state.

Service Water Systems and Nuclear Plant Safety, 1989-1992, Principal Investigator.
Performed at PLG for Electric Power Research Institute. Led a team of analysts to
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compare the results from six PRAs. Plant-specific service water designs were identified
and compared as were the risk contributions from the service water systems at each
plant. Reasons for differences were identified where possible.

Development and Demonstration of Methods for Nuclear Power Plant Aging Risk
Analysis: Bayesian Data Analysis and Plant-Specific Data Collection and Interpretation,
1989-1990, Co-Principal Investigator. Performed at PLG for EG&G Idaho, Inc., Idaho
National Engineering Laboratory. Supervised a team of analysts who developed a
Bayesian aging model. The team also visited a BWR plant with more than fifteen years
operating experience, collected failure histories on pumps and valves in key systems, and
analyzed the failure data under the Bayesian model. No evidence of aging was detected.

Diablo Canyon Probabilistic Risk Assessment, 1985-1989, Principal Investigator.
Performed at PLG for Pacific Gas and Electric Company. Seismic PRA was required to
satisfy a license condition placed on the plant because of uncertainties in seismic
requirements. Full scope level 1 PRA. Extensive training of utility PRA team.

A Methodology for Assessment of Nuclear Power Plant Seismic Margin, 1986-1988,
Investigator. Performed at PLG for the Electric Power Research Institute. With the
Principal Investigator, developed success path models for BWR and PWR power plants.
Developed an approach for relay chatter analysis. The method was published by EPRI as
an alternative way for plants to address the seismic margins issue.

Pneumatic Systems and Nuclear Plant Safety, 1986-1988, Principal Investigator.
Performed at PLG for Electric Power Research Institute. Led a team of analysts to
perform a two-pronged examination of the risk contribution of pneumatic systems in BWR
and PWR plants. Analyzed the data on pneumatic system problems in NUREG-1275
from the viewpoint of risk, specifically tabulating events causing multiple failures and
identifying the risk impact of each event. To more clearly identify the impact of component
failure on safety systems performance, air systems at two specific plants, a BWR and a
PWR, were analyzed with the assistance of utility personnel. Coordinated and
participated in plant visits and interviews.

Analysis of Safety Impact of Changes to Technical Specification 3/4.3.4 Turbine
Overspeed Protection - San Onofre Nuclear Generating Station Units 2 and 3, 1985-1986,
Principal Investigator. Performed at PLG for Southern California Edison. Directed and
reviewed a study of the impact of changing the frequency of main turbine overspeed
protection on plant safety.

South Texas Project PRA Scoping Study, 1983, Principal Investigator. Performed at PLG
for Houston Light and Power. A phased PRA, with Phase 1 setting up fully detailed event
trees and including simplified systems models. Careful attention was given to modeling
uncertainty. A key sensitivity to HVAC was identified, treated probabilistically, and formed
the basis for the phase 2 project plan. Served as Reviewer for the complete phase 2
project.

Zion Nuclear Plant Residual Heat Removal PRA, 1982-1985, Principal Investigator.
Performed at PLG for Electric Power Research Institute. The first shutdown PRA of a
PWR that specifically identified the impact of changing plant configuration on risk.
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Developed a phased mission event sequence model that tracks changes in plant
configuration. Initiating events can be random or related to activities involved in changing
configurations. Dependencies among initiating events, plant configuration, and
subsequent human actions are modeled. Involved extensive data collection,
interpretation, and analysis.

Zion and Indian Point Probabilistic Safety Studies, 1980-1983, Principal Investigator.
Performed at PLG for Commonwealth Edison, New York Power Authority, and
Consolidated Edison. The first full scope PRAS, offering a complete treatment of external
events and Level 3 effects. Integrated the efforts of the utilities, three primary contractors,
and several additional contractors. Supervised all aspects of the analysis including data
collection and analysis and developed new methods for fire analysis, seismic and wind
PRA analysis, and the treatment of uncertainty in all areas of the studies. Trained the
PRA teams at all three utilities. Defended the PRAs in public hearings before the ASLB.

Seabrook Probabilistic Safety Assessment, Phase I: Preliminary Risk Analysis, 1982, Co-
Principal Investigator. Performed at PLG for New Hampshire Yankee. The first nuclear
plant phased PRA project, with Phase 1 setting up fully detailed event trees and including
simplified systems models. Careful attention was given to modeling uncertainty. Served
as Reviewer for the complete phase 2 project.

Reliability Analysis of Safety Injection System Modification, San Onofre Nuclear
Generating Station - Unit 1, 1981, Principal Investigator. Performed at PLG for Southern
California Edison. Analyzed a unique feedwater/safety injection design that led to a failure
of injection during a spurious SI demand. Analyzed alternative design options and
associated test programs. Presented to USNRC to support testing program to permit
continued operations. Involved data collection and analysis and development of post-fix
data collection requirements.

Midland Plant Auxiliary Feedwater System Reliability Analysis, 1981, Principal
Investigator. Performed at PLG for Consumers Power Co. Principal investigator, leader
of plant visit, organized and conducted interviews with Midland engineers and operators.
Analyzed risk significance of system design in response to USNRC request.

Reliability Analysis of Diablo Canyon Auxiliary Feedwater System, 1980, Principal
Investigator. Performed at PLG for PG&E. Principal investigator, leader of plant visit,
organized and conducted interviews with PG&E engineers and operators. Analyzed risk
significance of system design in response to USNRC request.

Oyster Creek Probabilistic Safety Analysis (OPSA), 1979, Reviewer/Author. Full scope PRA
including external events and levels 1,2, and 3. Performed at PLG for Jersey Central Power
and Light Co. Involved extensive data collection, analysis and methods development.
Reviewer and author of 150 page executive summary report. Presented details of analysis
to utility and government audiences throughout the USA.
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OTHER PROFESSIONAL ACTIVITIES

Invited Speaker, MIT Nuclear Power Reactor Safety Course, Cambridge (2007-present).

Member, National Research Council Committee on Risk of Shipping in the Aleutians
(2007-present).

Member, Department of Energy Experts Working Group on Assessment Methods for
Proliferation Resistance and Physical Protection of Generation IV Nuclear Energy
Systems (2003-present).

Member, National Research Council Committee on Transportation of Radioactive Waste
(2003-2006).

Director, Board of Directors of International Association for Probabilistic Safety and
Management (1993-2006).

Member, Technical Program Committee, PSAM 7, Berlin (2002-2004).

Invited Speaker, USNRC Fire Risk Research Workshop, New London, August 23-24,
2001.

Member, Pine Bluff Chemical Disposal Facility QRA Expert Panel (2000-2003).

Invited Participant, USNRC PRAB Research Colloquium, Annapolis, April 29-May 1, 2002.

Member, National Research Council Committee on the Evaluation of Chemical Events at
Army Chemical Agent Disposal Facilities (2001-2002).

Member, Department of Energy Generation IV Roadmap Evaluation Methods Group
(2000-2002).

Director, NATO Advanced Study Institute, “Risk Assessment Activities for the Cold War
Facilities and Environmental Legacies,” Bourgas, Bulgaria, May 1-11, 2000.

Chairman, Technical Sessions, “PSA Principles and Insights” and “Revisiting the
Assumptions Common to PSAs,” International Topical Meeting on Probabilistic Safety
Assessment PSA '99: Risk-Informed, and Performance-Based Regulation in the New
Millennium, August 22-26, 1999, Washington, D.C.

Member, Technical Program Committee, PSA 99, American Nuclear Society conference
on PSA (1998-1999).

Chairman, Technical Session, “PRA Concepts and Algorithms,” PSAM-4 International
Conference on Probabilistic Safety and Management, New York (1998).

Invited Participant, INEEL-USNRC Management and Organizational Factors Workshop,
Sun Valley, Idaho (1997).
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Invited Speaker, MIT-National Academy for Nuclear Training (INPO) Risk-Informed
Operational Decision Management, Cambridge (1997-1998).

Chairman, Technical Session, “Innovative Applications of HRA Technique Techniques,”
ESREL '96 - PSAM-III International Conference on Probabilistic Safety and Management,
Crete, Greece (1996).

Invited Speaker, MIT Nuclear Power Reactor Safety Course, Cambridge (1995 - 1998).

Member, National Research Council Committee on Review and Evaluation of the Army
Chemical Stockpile Disposal Program (1994-2000).

Member, Technical Program Committee PSA '96, American Nuclear Society conference
on PSA (1994 - 1996).

Member, Steering Committee, University of California, Irvine, Science, Technology, and
Society Network to provide continuous updating of science and technology issues in
middle and high school curricula (1994-1996).

Member, Technical Program Committee PSAM lll, International Conference on
Probabilistic Safety and Management, Crete, 1996 (1994-1996).

Invited Speaker, University of Wisconsin Center for Human Performance in Complex
Systems Annual Workshop (1994-1995).

Invited Participant, USNRC workshop on accident precursors, Annapolis, MD (1994).

Invited Speaker, Human Reliability Models: Theoretical and Practical Challenges,
Workshop Il of the International Series on Advanced Topics in Reliability and Risk
Analysis, Stockholm, Sweden (1994).

Invited Participant, USNRC workshop on medical applications of radioisotopes, Idaho
Falls, ID (1994).

Invited Participant, USNRC workshop on passive reactor safety, Harpers Ferry, WV
(1994).

Invited Panelist, Closing Plenary, PSAM Il International Conference on Probabilistic Safety
and Management, San Diego, CA (1994).

Chairman, Technical Session, “Time Dependence of Equipment Failure Rates—Models,
Data, and Impacts on System Modeling,” PSAM Il International Conference on Probabilistic
Safety and Management, San Diego, CA (1994).

Participant, Mission to Sosnovy Bor, Russia, 13-23 November, 1993. Organized by the
Dutch Committee for Risk Management and the Kurchatov Institute, Moscow, to plan
Sosnovy Bor risk management program with representatives of the town, Moscow, local
government and industry officials. Primary facilities include the Leningrad RBMK reactor
complex, oil terminal on the Gulf of Finland, Scientific Institute for Testing of
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Optoelectronic Devices, the Leningrad Special Plant, and the Scientific Research
Technological Institute (1993).

Invited Participant, USNRC workshop on risk-based indicators, Gaithersburg, MD (1993).

Councilor, Southern California Chapter of the Society for Risk Analysis (1993-1996).
Member, University of California, Irvine Science Education Advisory Board (1993-1996).

Vice President for Education, Orange County Engineering Council (1993-1995).

Officer, Executive Committee, Orange County Section of IEEE (1992-1996).
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introduction

When the Nevada Test Site was established in 1951, it provided a proving ground
for a burgeoning U.S. nuclear weapons program. One hundred atmospheric
nuclear tests occurred at the test site between 1951and 1962. When the U.S.
entered into an atmospheric testing moratorium, all testing moved underground. In 1992, the president
instituted a moratorium on nuclear testing. In order to certify the safety and reliability of the nation's
nuclear stockpile, developing improved computer models and advanced experimental capabilities that
provide accurate predictive capability of weapon performance in the absence of nuclear testing became
the main goal of the National Nuclear Security Administration's Stockpile Stewardship Program.

The Birth of the Stockpile Stewardship Program

The Stockpile Stewardship Program was established in response to the 1994 National Defense
Authorization Act (Public Law 103-160) which requires, in the absence of nuclear testing, a program to:

1. Support a focused, multifaceted program to increase the understanding of the enduring stockpile;
2. Predict, detect, and evaluate potential problems of the aging stockpile;
] 3. Refurbish and re-manufacture weapons and components, as required; and

4. Maintain the science and engineering institutions needed to support the nation's nuclear deterrent,
now and in the future.

As the civilian steward of the nation's nuclear weapons complex, the U.S. Department of Energy (DOE)
National Nuclear Security Administration is responsible for the safety and reliability of the nation's
nuclear arsenal. The U.S. Department of Defense (DoD) partners with the DOE in setting requirements
and establishing production goals. A key challenge to the Stockpile Stewardship Program is to balance
military weapon performance goals against civilian and military surety and safety concerns.

Assessment and Certification

In the absence of nuclear testing, different experiments and tools are relied upon to obtain data relevant
to nuclear warhead performance as components within a warhead potentially change properties with
age. The Stockpile Stewardship Program utilizes several approaches to assess and certify the nuclear
weapons stockpile. Test data from new experiments and improved computer modeling help address the
reliability of the nuclear weapons stockpile by allowing scientists to improve understanding of the
dynamic properties of aging nuclear materials.

A suite of enhanced capabilities and facilities across the Nuclear Weapons Complex (which includes
weapons laboratories, production plants, and the Nevada Test Site) have been developed to fill in the
knowledge gaps and to provide data relevant to identified stockpile concerns. Capabilities specific to

the Nevada Test Site include the following:

® Subcritical Experiments obtain technical information about the U.S. nuclear weapons stockpile in

the absence of nuclear testing. In subcritical experiments, chemical high explosives generate high
pressures that are applied to nuclear weapon materials, such as plutonium. The configuration and
quantities of explosives a




® The Joint Actinide Shock Physics Experimental Research (JASPER) two-stage gas gun
experiments generate high shock pressures, temperatures, and strain rates that simulate those of a
nuclear weapon. The gas gun forces a high-velocity projectile to a target containing special nuclear
material. When the projectile hits the target it produces a high-pressure shock wave. Diagnostic

equipment, triggered by the initial wave, measures the properties of the shocked material inside the
target.

& The Atlas pulse power machine discharges electrical energy into a cylindrical metal shell to produce
an intense pressure pulse that implodes a target containing non-nuclear materials of interest. Highly

advanced optical and x-ray diagnostic equipment measures the properties of the imploding
materials within the target.

® The Big Explosives Experimental Facility (BEEF) is a hydrodynamic testing facility at the Nevada
Test Site. BEEF provides data, through conventional high-explosive experiments, to support the

Stockpile Stewardship Program, along with a variety of new experimental programs that expand the
nation's non-nuclear experiment capabilities.

Maintaining Nuclear Test Readiness

The President directed the U.S. Department of Energy to maintain a test readiness program in the event
that resumption of nuclear weapons testing becomes necessary. Overall readiness is supported by
experimental programs conducted at the test site. In particular, test readiness at the Nevada Test Site is
critically dependent on laboratory-based experiments that exercise high-bandwidth recording and
advanced diagnostic development that are not required for non-nuclear experiments.

Program Thrusts

The DOE weapons laboratories are engaged in a balanced and integrated program of computational
simulation, fundamental scientific research, and improved nuclear and non-nuclear experiments.
Experimental data, obtained from experiments conducted at Atlas and BEEF, are being used to assess
weapon component performance. Together with past nuclear test results, they are also being used to
validate computer simulations, which rely heavily on fundamental scientific research as a source of data
and a basis for the detailed physics models in the weapons codes. Once validated, weapons physics

simulations will guide the judgments made about integral stockpile performance, reliability and safety
issues.

For mare information, contact:
= 4.8 Department of Energy -
| National Nuclear Becurity Administration

1 .. Nevada Site Offic e

' email; r;evada@nv.dce.gov
hitp/iwww.nv.doe.gov

et it

£ DOEMV - -1017
September 2004
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National Security and Nuclear Weapons: Maintaining

Deterrence in the 21st Century
A Statement by the Secretary of Energy, Secretary of Defense, and the Secretary of State

(To read the followup paper to this statement, click here_(http://mww.defenselink.mil
Inews/nuclearweaponspolicy.pdf) )

A principal national security goal of the United States is to deter aggression againstourselves, our
allies, and friends. Every American administration since PresidentTruman’s day has formulated U.S.
national security policy in much the same terms,making clear to adversaries and allies alike the
essential role that nuclear weaponsplay in maintaining deterrence. Sustaining U.S. deterrence policy
has requireddecades of dedicated service from the men and women of our armed forces,
skilledrepresentation by America’s diplomats, and painstaking, often dangerous work byAmerica’s
nuclear scientists, engineers, and technicians. The extension of a credibleU.S. nuclear deterrent has
been critical to allied security and removed the need formany key allies to develop their own
nuclear forces.

Above all, maintaining a credible deterrent has required a decades-long, bipartisanpartnership with
Congress. Some in Congress have recently expressed the view thatwe lack a coherent nuclear
weapons strategy that provides the direction and rationalefor the post-Cold War U.S. nuclear force
structure. To address these concerns inmore depth, a detailed report will follow this summary paper.
The report will lay outthe data and methodology used to determine our nuclear weapons force
structure,outline knowledge points for measuring progress in transforming our nuclearstockpile, and
dispel a number of myths that have grown up around U.S. nuclearforces.

It is the policy of this Administration to achieve an effective strategic deterrent at thelowest level of
nuclear weapons consistent with our national security and ourcommitments and obligations to allies.
In 2001, President Bush directed that theUnited States reduce the number of operationally deployed
strategic nuclear weaponsfrom about 6,000 to 1,700-2,200 by 2012 — a two-thirds reduction.
Correspondingreductions in the nuclear stockpile will result in the lowest level since the
EisenhowerAdministration.

Several factors have permitted these dramatic reductions from our large Cold Warnuclear arsenal
built and maintained from the 1950s to the 1990s. For severaldecades, the Soviet Union represented
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a large, intractable, ideologically motivatedadversary; its fall has allowed us to reassess our nuclear
force requirements. In 2001,the President also directed the transition to a new set of military
capabilities moreappropriate for credible deterrence in the 21st Century. This “new triad” of
strategiccapabilities, composed of non-nuclear and nuclear offensive strike forces, missiledefenses,
and a responsive national security infrastructure, reduces U.S. reliance onnuclear weapons while
mitigating the risks associated with drawing down U.S.nuclear forces.

However, other contemporary factors lead us to conclude that nuclear weapons willcontinue to be
required for the foreseeable future. The future security environment is3very uncertain, and some
trends are not favorable. Rogue states either have or seekweapons of mass destruction, including
nuclear weapons, and the risk of futureproliferation cannot be ignored. The future direction that any
number of states maytake, including some established nuclear powers with aggressive nuclear
forcemodernization programs, could have a dramatic effect on U.S. security and thesecurity of our
allies. We seek to assure our allies that the U.S. nuclear arsenalcontinues to serve as the ultimate
guarantor of their security, thus obviating any needfor them to develop nuclear weapons of their
own. Indeed, the nuclear weaponsprograms of North Korea and Iran underscore the importance of
U.S. securityguarantees to key allies around the world. Credible U.S. nuclear capabilities and
oursecurity commitment to allies remain an indispensable part of deterrence and animportant
element in our effort to limit proliferation.

The Administration believes that an operational force between 1,700 and 2,200strategic warheads,
while much smaller than our Cold War arsenal, still providessufficient capability to achieve these
goals. This force will demonstrate to allies andadversaries alike that the United States has the
necessary means, and the political will,to respond decisively against aggression and the use of
weapons of mass destruction.The current plan preserves options for future administrations to make
additionaladjustments in the U.S. nuclear force posture as changes in the international
securityenvironment warrant.

We are at a critical juncture that requires the U.S. to invest now in the capabilitiesneeded to
maintain a credible deterrent at the lowest level of nuclear weapons.Without assuming serious risk,
further reductions in the total stockpile are onlyachievable with a responsive nuclear infrastructure.
Without a responsive nuclearinfrastructure, the United States must continue to manage the
technical risksassociated with an aging stockpile of Cold War-era nuclear weapons, and the
geopoliticaluncertainties of the years ahead, by maintaining a sizable inventory ofreserve weapons
to support the operationally deployed force. This is an increasinglyexpensive and potentially risky
approach to stockpile stewardship. Successive effortsat extending the service life of the current
inventory of weapons drives these weaponsfarther away from the original source data derived from
underground nuclear tests,and risks incorporating or accruing technical changes that could, over
time,inadvertently undermine their reliability and performance. The skills andtechnologies needed
to refurbish and maintain these older weapon designs areincreasingly difficult to sustain or acquire.
Furthermore, some of the materialsemployed in these older weapons are extremely hazardous.
Moreover, it is difficult toincorporate modern safety and security features into Cold War-era
weapon designs.Finally, as the United States continues to observe a moratorium on
undergroundnuclear testing, it becomes increasingly difficult to certify the existing stockpile
ofweapons.

To address these issues of sustainability, safety, security and reliability, and toachieve a smaller yet
credible nuclear deterrent force, the United States needs to4invest in the Reliable Replacement
Warhead (RRW) program. Pursuit of thisprogram is critical to sustaining long-term confidence in
our deterrent capability—especially as the U.S. reduces its nuclear forces, the total number of
weapons in thestockpile, and the size of the nuclear weapons infrastructure. RRW is a
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replacementwarhead — it will help reduce the size of the nuclear stockpile and will not providenew
military capabilities. Instead, RRW will make U.S. nuclear weapons safer andmore secure against
unauthorized use by incorporating state-of-the-art securityfeatures that cannot be retro-fitted to
older weapons. RRW designs will provide morefavorable reliability and performance margins than
those currently in the stockpile,and will be less sensitive to incremental aging effects or
manufacturing variances.Thus, RRW will allow the United States to manage the risks and
challenges of the 21stCentury while reducing the likelihood of returning to nuclear testing to
certifyreliability. Over time, RRW will enable the United States to transition to a smaller,more
responsive nuclear infrastructure that will enable future administrations to adjustthe U.S. nuclear
stockpile as geo-political conditions warrant. RRW is key tosustaining our security commitment to
allies, and is fully consistent with U.S.obligations under the Nuclear Nonproliferation Treaty—
including Article VI.

Without Congressional support for the Reliable Replacement Warhead program weare concerned
for the long-term ability of the United States to sustain its strategy ofdeterrence, meet its security
commitment to allies, and pursue further reductions innuclear weapons without assuming additional
risk. Delaying progress on RRW willforce the United States to maintain a large stockpile of nuclear
weapons and sustain itthrough increasingly costly and risky Life Extension Programs. Delays on
RRW alsoraise the prospect of having to return to underground nuclear testing to certify
existingweapons.

Maintaining a credible deterrent has required a decades-long, bipartisan partnershipwith Congress;
this partnership will be no less critical in the future than in the past.Over the next two decades
Congress will make many decisions, including decisionson RRW, that will help determine how fast
and how far the United States can go intransforming and reducing its nuclear forces, nuclear
stockpile, and nuclearinfrastructure to make them smaller, safer, more secure, and more appropriate
tomanaging the risks and challenges of the 21st Century. We must make progresstoward creating a
nuclear weapons infrastructure that can respond quickly andeffectively to emerging threats and to
technological surprise. This will assure ourability to maintain deterrence over the long-term, and
enable future reductions in boththe operationally deployed force and the overall nuclear weapons
stockpile. Thesooner Congress authorizes and funds transformative programs like RRW, the
soonerthe United States and its allies can realize the benefits this approach holds formaintaining a
credible and effective deterrent with the lowest possible level of nuclearweapons.

July 2007
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Highlights

Highlights of GAO-08-1081, a report to the
Subcommittee on Energy and Water
Development, Committee on
Appropriations, House of Representatives

Why GAO Did This Study

The Department of Energy (DOE)
spends billions of dollars annually
to clean up nuclear wastes at sites
that produced nuclear weapons.
Cleanup projects decontaminate
and demolish buildings, remove
and dispose of contaminated soil,
treat contaminated groundwater,
and stabilize and dispose of solid
and liquid radioactive wastes. Ten
of these projects meet or nearly
meet DOE’s definition of major:
costs exceeding $1 billion in the
near term—usually a 5-year
window of the project’s total
estimated life cycle.

GAO was asked to determine the
(1) extent to which the cost and
schedule for DOE’s major cleanup
projects have changed and key
reasons for changes, and (2)
factors that may hinder DOE’s
ability to effectively manage these
projects. GAO met with project
directors and reviewed project
documents for 10 major cleanup
projects: 9 above the near-term $1
billion threshold, and 1 estimated
to cost between $900 million and $1
billion over the near term.

What GAO Recommends

GAO is making a number of
recommendations, such as
expanding the content of
performance reports provided to
DOE senior managers and
information provided to Congress to
better reflect current status of near-
term and life cycle baseline cost and
schedules and reasons for significant
changes; and strengthening DOE
guidance and baseline reviews,
among other things. In commenting
on a draft of this report, DOE agreed
with GAO’s recommendations.

To view the full product, including the scope
and methodology, click on GAO-08-1081.
For more information, contact Gene Aloise at
(202) 512-3841 or aloisee @gao.gov.

NUCLEAR WASTE

Action Needed to Improve Accountability and
Management of DOE's Major Cleanup Projects

What GAO Found

Nine of the 10 cleanup projects GAO reviewed had life cycle baseline cost
increases, from a low of $139 million for one project to a high of nearly $9
billion for another, and life cycle baseline schedule delays from 2 to 15 years.
These changes occurred primarily because the baselines we reviewed
included schedule assumptions that were not linked to technical or budget
realities, and the scope of work included other assumptions that did not prove
true. Specifically, the schedules for 8 of the 10 projects were established in
response to DOE’s 2002 effort to complete cleanup work, which in some cases
moved up project completion dates by 15 years or more. For example, to
meet the 2012 accelerated completion date for its solid waste disposition
project, DOE’s Idaho National Laboratory assumed it would process waste at
a rate that was more than 50 percent higher than the rate demonstrated at the
time it established the baseline. When the laboratory could not meet that
processing rate, DOE revised its baseline, adding 4 years and about $450
million to the project. Also, most of the 10 projects had cost increases and
schedule delays because the previous baselines (1) had not fully foreseen the
type and extent of cleanup needed, (2) assumed that construction projects
needed to carry out the cleanup work would be completed on time, or (3) had
not expected substantial additional work scope.

DOE has not effectively used management tools—including independent
project baseline reviews, performance information systems, guidance, and
performance goals—to help oversee major cleanup projects’ scope of work,
costs, and schedule. For example, DOE’s independent reviews meant to
provide reasonable assurance that a project’s work can be completed within
the baseline’s stated cost and schedule, have not done so for 4 of 10 projects.
For one project, the baseline was significantly modified as little as 7 months
after it had been revised and validated by the independent review, while other
projects have experienced life cycle cost increases of as much as $9 billion
and delays of up to 10 years, within 1 to 2 years after these reviews. In
addition, although DOE uses several types of reporting methods for
overseeing cleanup projects, these methods do not always provide managers
with the information needed to effectively oversee the projects or keep
Congress informed on the projects’ status. For example, sites’ proposals for
changes to projects’ cost and schedule baselines do not always identify
possible root causes, and DOE does not systematically analyze the proposals
for common problems across its projects. Therefore, DOE may be missing
opportunities to improve management across projects. In addition, guidance
for key management and oversight functions are spread across many different
types of documents and are unclear and contradictory. As a result, project
managers do not consistently implement this guidance, which may lead, for
example, to problems in effectively managing risks across projects. Finally,
DOE recently changed its goals for “successful” cleanup projects, reducing the
amount of work and raising the allowable cost increases against the near-term
baseline. DOE has initiated several actions to improve project management,
but it is too early to determine whether these efforts will be effective.
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The Department of Energy (DOE) spends billions of dollars annually to
clean up nuclear wastes at sites across the nation that produced nuclear
weapons. Cleanup projects decontaminate and demolish buildings, remove
and dispose of contaminated soil, treat contaminated groundwater, and
stabilize and dispose of solid and liquid radioactive wastes, among other
things. DOE’s Office of Environmental Management (EM) currently
oversees more than 80 of these cleanup projects, primarily at government-
owned, contractor-operated sites throughout the nation. Some of these
highly complex projects have completion dates beyond 2050. Ten of these
projects meet or nearly meet DOE’s definition of “major”: projects whose
costs exceed $1 billion in the near-term—usually a 5-year window of the
project’s total estimated life cycle.',” These 10 projects have combined
estimated near-term costs of almost $19 billion and combined life cycle
costs estimated to range between $115 billion and $143 billion, and they
account for almost half of EM’s $5.5 billion fiscal year 2009 budget
request.” These 10 projects are described in detail in appendix II and
include the remediation, decontamination, and decommissioning, or the
stabilization and disposition of:

'For this review, we lowered the threshold to $900 million out of concern that some
projects not now considered major would become major because of increases in costs,
which resulted in the addition of one project to our review (the solid waste stabilization
and disposition project at the Hanford Site, near Richland, Washington).

*We did not review one major project still in the early stages of development (the nuclear
facility decontamination and decommissioning project in Portsmouth, Ohio).

*DOE defines life cycle costs as the sum total cost of the direct, indirect, and other related
costs incurred or estimated to be incurred in the design, development, production,
operation, maintenance, support, and final disposition of a major system over its
anticipated useful life span.
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solid waste at Idaho National Laboratory, Idaho;

nuclear facilities at the East Tennessee Technology Park, Oak Ridge
Reservation, Tennessee;

nuclear materials at the Savannah River Site, South Carolina;
radioactive liquid tank waste at the Savannah River Site, South Carolina;
soil and water at Los Alamos National Laboratory, New Mexico;

nuclear materials at the Hanford Site, Washington;

solid waste at the Hanford Site, Washington;

soil and water at the Hanford Site, Washington;

nuclear facilities at the River Corridor Closure Project, Hanford Site,
Washington; and

radioactive liquid tank waste at the Office of River Protection, Hanford
Site, Washington.*

DOE established Order 413 in 2000 to provide project management
guidance for construction projects—projects that build large complexes
often housing unique equipment and technologies that process waste or
other radioactive material—and nuclear waste cleanup projects.’,’ In 2005
and 2007, EM, in conjunction with DOE’s Office of Engineering and
Construction Management (OECM), issued further guidance to better
tailor the order’s requirements to the cleanup projects. This guidance lays
out protocols directing DOE project managers to establish a life cycle

*Hanford’s radioactive liquid tank waste stabilization and disposition project is
administered by the Office of River Protection, while the other four major cleanup projects
at Hanford are administered by DOE’s Richland office.

*Order 413.3 was issued in 2000 and amended in 2006, and is now referred to as 413.3A. For
this report, we use DOE Order 413 to refer to the order in effect, unless otherwise
specified.

We have reported on DOE’s management of these construction projects. See GAO,
Department of Energy: Major Construction Projects Need a Consistent Approach for
Assessing Technology Readiness to Help Avoid Cost Increases and Delays, GAO-07-336
(Washington, D.C.: Mar. 27, 2007).
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baseline for cleanup projects that includes three key parts: (1) prior year
actual costs; (2) a near-term estimate of the scope of the cleanup work
(the cleanup activities needed to achieve project goals), cost, and schedule
of the cleanup activities (the near-term is generally for 5 years, or the
duration of the contract, whichever is longer); and (3) out-year estimates
through project completion for those projects that extend beyond the near
term.” The near-term and out-year estimates also identify the amount of
contingency monies that could be needed to cover potential project risks.*

Major cleanup projects take years to complete, and often involve unique
challenges and a high degree of complexity; therefore, it is critically
important that EM develop and implement a rigorous, disciplined
approach for developing and managing the baselines. Such an approach
includes planning and managing work activities, cost, and schedule to
achieve project goals in a stable, controlled manner over the near term and
the entire life of the project. DOE has taken several steps to establish such
an approach, including the following:

EM must formally approve changes to the near-term and life cycle
baseline.

Project managers must provide formal and informal reports to DOE
headquarters staff, including data entries into databases and quarterly
performance reports. These reports contain, among other things, earned
value management (EVM) data—a measure of progress against a cost and
schedule baseline. Widely used in industry, earned value data makes it
possible for managers and others to determine how a project has been
performing and to predict future performance trends. Furthermore, both
the Office of Management and Budget (OMB) and DOE Order 413 require

Tn previous years, DOE presented out-year estimates as a single point estimate based on
the most probable cost and schedule of its projects. In 2007, DOE developed out-year
estimates with cost and schedule ranges to account for the uncertainty associated with
long-term projects. The low end of the range is based on the amount of funding needed
with a 50 percent level of confidence that the project will be successfully completed, while
the high end of the range is based on an 80 percent level of confidence. As discussed
elsewhere in this report, DOE does not fund its contingency accounts for these projects.

8Contingency funds are funds that may be needed to cover potential cost increases
stemming from a variety of project risks, including technical complexities, regulatory
issues, and funding shortfalls.
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the use of EVM data, and GAO has developed best practices on how to use
the data.’

As stipulated in DOE Order 413, OECM must independently review project
baselines at critical project stages; OECM conducts these reviews largely
with the help of external technical experts. Specifically, for cleanup
projects that cost $100 million or more, OECM must review a project’s
proposed baseline to provide reasonable assurance that the project can be
successfully executed. OECM also examines technical scope, cost,
schedule, and avoidance and mitigation plans for possible cost and
schedule overruns, as well as proposed project management.

Overall, we and others have reported over the past two decades that
project management weaknesses have impaired DOE’s major projects. In
1990, we designated DOE’s contract management (which includes project
management) as a high-risk area for fraud, waste, abuse, and
mismanagement. In addition, in 1999, the National Academies’ National
Research Council developed recommendations to address weaknesses in
DOE’s project management. Recently, in 2007, we reported that DOE had
improved its approach to project management but that performance on
DOE’s projects had not substantially improved." Also in 2007, the National
Academy of Public Administration reported specifically on EM’s
management of nuclear waste and complimented EM on its improvements
in project management, but also raised questions about EM’s ability to
follow through on them. Furthermore, reviews by DOE’s Office of
Inspector General, the Department of Defense’s Army Corps of Engineers
(Army Corps), and the National Research Council, among others, have
advised DOE on how to better manage its major projects.

In this context, you asked us to determine the (1) extent to which the cost
and schedule for DOE’s major cleanup projects have changed and the key

reasons for these changes, and (2) factors that may hinder DOE’s ability to
effectively manage these cleanup projects.

To determine the extent to which DOE cleanup projects are experiencing
cost or schedule changes and key reasons contributing to these changes,

9GAO, Cost Assessment Guide: Best Practices for Estimating and Managing Program
Costs, GAO-07-1134SP (Washington D.C.: July 2007).

YGAO, Department of Energy: Consistent Application of Requirements Needed to
Improve Project Management, GAO-07-518 (Washington, D.C.: May 11, 2007).
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Results in Brief

we spoke with DOE project directors and reviewed project management
documents for 10 of EM’s major cleanup projects—9 projects above the
near-term $1 billion threshold, and 1 estimated to cost between $900
million and $1 billion over the near term. For our analysis, we examined
the life cycle baseline reported as of the most recent contract awards or
major contract modifications—which occurred between 2004 and 2007—
and compared these baselines with the updated baselines at the time of
our review (dollar amounts used in calculating cost increases are in fiscal
year constant 2008 dollars). We conducted site visits and analyzed project
documentation, such as project plans, independent reviews, contractor
performance data, plans to avoid or mitigate project risks, and documents
prepared to guide and control formal changes to the baseline. We also
identified factors that may hinder DOE’s ability to effectively manage
projects in accordance with approved life cycle baselines primarily
through a review of project documents and interviews with project
officials. Because we and others have previously expressed concern about
the data reliability of a key DOE project management tracking database—
the Project Assessment and Reporting System—we did not develop
conclusions or findings based on information generated through that
system." Instead, we collected information directly from project site
offices and contractors. In addition, we spoke with officials from EM and
OECM in Washington, D.C. We provided an interim briefing to the
Subcommittee on the status of our work on April 3, 2008.

We conducted this performance audit from March 2007 to September 2008
in accordance with generally accepted government auditing standards.
Those standards require that we plan and perform the audit to obtain
sufficient, appropriate evidence to provide a reasonable basis for our
findings and conclusions based on our audit objectives. We believe that
the evidence obtained provides a reasonable basis for our findings and
conclusions based on our audit objectives. Appendix I contains a detailed
description of our scope and methodology.

Nine of the 10 cleanup projects we reviewed have experienced cost
increases and schedule delays in their life cycle baseline, ranging from

"See, for example, GAO, Department of Energy: Further Actions Are Needed to
Strengthen Contract Management for Major Projects, GAO-05-123 (Mar. 18, 2005); and
Civil Engineering Research Foundation, Independent Research Assessment of Project
Management Factors Affecting Department of Enerqgy Project Success (Washington, D.C.,
July 12, 2004).
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$139 million for one project to more than $9 billion for another, and
schedule delays ranging from 2 years to 15 years. These changes arose
primarily because the initial baselines made schedule assumptions that
were not linked to technical or budget realities, and the scope of work
included other assumptions that did not prove true. Specifically:

Baselines were not linked to technical or funding realities. The
schedules for 8 of the 10 projects we reviewed were established in
response to EM’s 2002 effort to accelerate cleanup work, which in some
cases moved up project completion dates by 15 years or more. EM wanted
to complete cleanups earlier to better safeguard public health and the
environment, among other things. However, these dates were not always
tied to technical capabilities or likely funding realities. For example, to
meet the 2012 accelerated completion date for its solid waste disposition
project, DOE’s Idaho National Laboratory assumed its waste treatment
plant could process waste at a rate that was more than 50 percent higher
than the rate demonstrated at the time EM established the baseline. When
the waste treatment plant did not meet that processing rate, EM revised its
baseline, deferring 4 years of cleanup work, which added about $450
million to the project. In addition, before April 2007, according to several
EM officials, project managers were directed to establish cost baselines to
meet the accelerated schedules without considering likely funding for the
projects. As a result, most projects did not receive funding as planned for
in the baselines, hindering their ability to complete the work on time. In
April 2007, EM changed its strategy: It limited its funding for all sites and
directed that future baselines be based on the expected budget for each
site. In part because of this change, some completion dates were extended
by as much as 15 years.

Baselines’ scope of work included optimistic assumptions that did not
prove true. Most of the projects we reviewed also experienced cost
increases and schedule delays because the initial baselines had (1) not
fully anticipated the type and extent of cleanup that would be needed, (2)
assumed that construction projects needed to carry out the cleanup work
would be completed on time, or (3) assumed the scope of work activities
needed to finish the project would not increase. For example, at a 1940s-
era building being demolished at Oak Ridge as part of the nuclear facility
decontamination and decommissioning project, the contractor found that
the building was far more contaminated and deteriorated than first
estimated and had to reinforce the structure in order to safely remove
contaminated equipment before demolishing the building. Primarily
because these activities had not been adequately anticipated in the
baseline, project costs rose by $1.2 billion and completion was extended
by 9 years, to 2017. Similarly, the baselines for four of the major cleanup
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projects assumed that a related, major construction project would be
completed on schedule and available for the cleanup project to use. For
example, a 5-year delay in the completion of Hanford’s major construction
project—the Waste Treatment Plant (WTP)—was the most significant
factor behind extending the radioactive liquid tank waste project’s
schedule by 10 years, and increasing its life cycle costs by $4.8 billion. The
delay in WTP’s startup date resulted in additional years required to store
the waste in the tanks and then to operate the treatment plant.

DOE has not always effectively used management tools—including
independent project baseline reviews, performance information systems,
guidance, and performance goals—to help oversee major cleanup projects’
scope of work, costs, and schedule. Specifically:

DOE’s independent reviews of project baseline estimates, meant to, among
other things, provide reasonable assurance that a project’s work activities
can be accomplished within the baseline’s stated cost and schedule, have
not done so for 4 of the 10 projects we reviewed. The baselines for these 4
projects were significantly modified shortly after review, revision, and
validation. For one project, the baseline was significantly modified as little
as 7 months after it had been revised and validated based on the
independent review, while other projects had experienced additional life
cycle cost increases of as much as $9 billion and delays of up to 10 years,
within 1 to 2 years after the baseline reviews. As a result, the usefulness of
the independent baseline reviews is questionable when significant baseline
changes occur very shortly after the reviews are completed.

EM managers do not always receive the information needed to effectively
manage major cleanup projects or provide detailed reports to Congress on
the projects’ status. First, sites’ proposals for changes to cost and schedule
baselines do not consistently identify reasons for the changes or possible
root causes, and EM does not systematically analyze the proposals for
common problems across its projects. As a result, EM may be missing
opportunities to apply lessons learned across projects. Second, in certain
cases, the use of EVM data did not conform to industry standards or best
practices identified by GAO, in part because the data contained anomalies
that skewed analyses or lacked important information on future staffing
needs. Third, EM’s quarterly performance reports neither consistently
provide accurate information about a project’s performance against the
near-term baseline, nor do they include information about how current
performance may affect the life cycle baseline. Finally, DOE’s reports to
Congress do not include important information that would aid oversight,
such as the extent of and reasons for significant changes to near-term and
life cycle baseline estimates. In contrast, Department of Defense reports to
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Congress on acquisitions for major systems provide detailed information
on significant cost and schedule changes and the reasons for those
changes.

Guidance for key management and oversight functions—such as project
baseline development, risk management, and contingency funding—is not
consolidated, and is contradictory and unclear. Consequently, project
managers do not consistently implement this guidance. For example, DOE
headquarters officials found that project managers are calculating
contingency funding to cover project risks in their baselines in a variety of
ways, leading to uncertainty regarding the total contingency funds needed
to cover all cleanup projects.

DOE recently changed its goals for the performance of cleanup projects.
Before 2008, a major cleanup project was expected to achieve 100 percent
of the scope of work in its life cycle baseline with less than a 10 percent
cost increase in the project’s life cycle baseline. However, according to
EM’s current cleanup project performance goal, the projects are
successful if they achieve at least 80 percent of the scope of work in their
near-term baselines with less than a 25 percent cost increase. The new
performance goal permits up to 20 percent of the scope of work to be
deferred from the near term to out years, creating a substantially greater
risk that life cycle costs will continue to increase and that completion
dates will be delayed. According to DOE officials, the agency adjusted
performance goals primarily to account for the greater level of uncertainty
inherent in cleanup projects. However, by lowering expectations for
adhering to near-term baselines, DOE may inadvertently be creating an
environment in which large increases to life cycle costs become not only
more common, but accepted and tolerated.

Over the past 2 years, EM has begun a series of efforts to better manage its
projects and address long-standing problems. For example, under its
“Best-in-Class” Project Management Initiative, EM senior managers have
expressed a strong commitment to improving project performance, and
under this initiative, EM contracted with the Army Corps to assess project
management, and then identified 18 priority actions to correct known
problems. Although these efforts are ongoing, EM has yet to combine them
into a formal plan, and it is too early to tell whether these efforts will
prove effective.

We are making a number of recommendations to the Secretary of Energy
to improve management of major cleanup projects, including to report
more complete information to senior DOE management and Congress so
that they can be fully informed about project status and make informed
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Background

decisions about these projects; consolidate, clarify, and update guidance
for managing cleanup projects; consolidate all planned and ongoing EM
improvements into a comprehensive corrective action plan; and develop
the independent baseline reviews to better assure that project work scope
can be completed within the baselines’ stated cost and schedule.

We provided a draft of this report to the Department of Energy for its
review and comment. DOE agreed with our recommendations but
provided some suggested changes to them, and provided specific
comments on the overall report, which we incorporated as appropriate.
We discuss DOE’s comments in detail at the end of this letter. DOE also
provided some technical comments, which we incorporated as
appropriate. DOE’s comments are provided in appendix IV.

DOE oversees and implements its major cleanup projects through
agreements with contractors who operate the nuclear weapons research
and production sites and the cleanup projects at those sites. Some of EM’s
cleanup projects are located at DOE sites administered by the National
Nuclear Security Administration, a separately organized agency within
DOE.

EM’s major cleanup projects involve efforts to clean up sites where
nuclear weapons were produced and production waste stored.” EM’s
cleanup projects handle a wide array of waste types and levels of
radioactivity and hazardous constituents, and can involve multiple
activities to, among other things, retrieve, characterize, treat, package,
store, transport, and dispose of the waste, as well as disassemble, treat,
package, store, transport, and dispose of the contaminated containers or
processing lines/equipment used for weapons production or for storing or
treating the waste. Multiple EM cleanup projects can occur at a single
DOE site responsible for a multitude of other noncleanup-related
activities. The cleanup projects are organized generally around similar
waste types and activities. For example, the soil and water remediation
activities at each site are organized under one umbrella, as are the nuclear
facility decontamination and decommissioning projects, and the
radioactive liquid tank waste projects, among others. EM generally

2DOE defines a project as a unique effort that supports a program mission and that has
defined points for starting and ending; is undertaken to create a product, facility, or system,;
and contains interdependent activities planned to meet a common objective or mission.
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manages these similar work activities, grouped into a category known as a
Project Baseline Summary, through numerical designations; for example,
all activities for soil and water remediation are grouped under Project
Baseline Summary 30. (See app. II for additional information on the 10
DOE major cleanup projects reviewed.)

Funding for and Costs of
DOE’s Major Cleanup
Projects

Unlike construction projects, which are funded on a line item basis,
cleanup projects receive funding through operating funds designated for
each DOE site. In 2003, EM began applying project management principles
contained in DOE Order 413 to these cleanup projects in order to apply
more discipline and rigor in planning and expending these project funds,
among other things.

A cleanup project can cost several billion dollars and its life cycle can span
several decades. EM divides the life cycle baselines for its major cleanup
projects into three distinct parts—prior year costs, near term (usually a 5-
year period), and out year (through project completion). Life cycle costs
for each project range from a low of almost $1.7 billion to over $44 billion,
and some projects might not be completed until after 2050.” (See app. III
for detailed information on the life cycle baseline costs for the 10 projects
we reviewed.)

EM applies different approaches to managing these wastes, depending on
the type and extent of contamination and the state or federal regulatory
guidelines and milestones it needs to comply with. DOE has agreements
with state and federal regulators to clean up sites, and the agreements lay
out a framework for determining the cleanup standards to be met.
Furthermore, because all projects have a certain degree of uncertainty,
such as not fully knowing the condition of buried waste containers, EM
needs to plan for this uncertainty and identify ways to prevent serious
disruption to projects should problems arise. To address this uncertainty,
DOE Order 413 requires project managers to identify contingency funds
that may be needed to cover potential cost increases stemming from a
variety of project risks, including technical complexities, regulatory issues,
and funding shortfalls. Although EM project managers build contingency
funding into their near-term and out-year estimates, EM management does
not generally include funding in its budget requests to cover contingency
for cleanup projects until after it is actually needed to address a problem;

®In current year dollars, and excluding EM contingency funding.
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therefore, EM contingency for cleanup projects has been referred to as
“unfunded contingency.”

Earned Value Management
for Tracking Work
Progress

To be effective, program managers need information on program
deliverables and on the progress made in meeting them. One method that
can help program managers track this progress is EVM data. These data
include, for example, detailed information on budgeted costs and actual
costs for work scheduled and work performed, as well as forecasted costs
at project completion. Among other things, EVM data can be used to
compare (1) budgeted costs to actual costs and (2) the value of work
accomplished during a given period with the value of work scheduled for
that period. By using the value of work completed as a basis for estimating
the cost and time to complete a project, EVM data should alert program
managers to potential problems sooner than expenditures alone can.

As a key management tool, EVM has evolved from an industrial
engineering concept to a government and industry best practice to better
oversee programs. Both OMB and DOE Order 413 require the use of EVM.
OMB Circular A-11, part 7, requires the use of an integrated EVM system
across an entire program to measure how well the government and its
contractors are meeting a program’s approved cost, schedule, and
performance goals. The American National Standards Institute and the
Electronic Industries Alliance have jointly established a national standard
for EVM systems." Recognizing the benefits of having these national
standards, OMB states in its 2006 Capital Programming Guide that major
acquisitions that require product development are to require that
contractors use an EVM system that meets the American National
Standards Institute guidelines.” In addition, DOE Order 413 requires that
projects with total cleanup costs of $50 million or more use an EVM
system that complies with industry standards and is certified by DOE’s
OECM to comply with these standards.

43ee, for example, ANSI/EIA 748 32 Industry Guidelines (American National Standards
Institute/Electronic Industries Alliance Standard, Earned Value Management Systems,
ANSI/EIA-748-A-1998 (R2002), approved May 19, 1998, revised January 2002).

®See OMB, Capital Programming Guide, I1.2.4, Establishing an Earned Value Management
System. The OMB requirements also are reflected in the Federal Acquisition Regulation at
48 C.F.R. subpart 34.2.
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Major Cleanup
Projects Experienced
Billions of Dollars in
Additional Costs and
Schedule Delays,
Primarily because
Initial Baselines Were
Overly Optimistic

GAO also has developed EVM best practices that, when followed, can help
project managers consistently develop and analyze EVM data to gain a
complete and accurate understanding of project status. Among other
things, our guidance on EVM states that (1) EVM data should not have data
errors and anomalies that may skew and distort the EVM analysis, and (2)
information such as staffing levels and the root causes of and corrective
actions for cost and schedule variances should be reported through the
EVM system.

Nearly all the cleanup projects we reviewed have had cost increases and
schedule delays in the life cycle baseline, as much as $9 billion for one
project, and schedule delays of as much as 15 years for two projects.
These cost increases and schedule delays occurred primarily because the
previous baselines for these projects had schedule assumptions that were
not linked to technical or budget realities, and other assumptions also
proved to be overly optimistic.

Major Cleanup Projects’
Costs Have Increased by
Billions and Schedules
Have Been Delayed by As
Much As 15 Years

The estimated costs of the 9 of the 10 DOE major cleanup projects we
reviewed have significantly exceeded original estimates, as table 1 shows.
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Table 1: Changes in the Estimated Life Cycle Costs for DOE Major Cleanup Projects

Dollars in billions

Previous life cycle

cost estimate (year Current life cycle cost

Life cycle cost

Percentage

Project of estimate)® estimate range® increase range” increase range”*
Solid waste stabilization and $2.851 $3.301 — $3.940 $.450 — $1.089 16% — 38%
disposition, Idaho National (2006)

Laboratory

Nuclear facility decontamination 1.907 3.126 — 3.290 1.219 -1.383 64 —-73
and decommissioning, Oak Ridge (2004)

Reservation

Nuclear material stabilization and 7.487 10.802 — 11.248 3.315-3.761 44 - 50
disposition, Savannah River Site (2004)

Radioactive liquid tank stabilization 11.909 18.622 — 24.003 6.714 — 12.094 56 — 102
and disposition, Savannah River (2004)

Site

Soil and water remediation, Los 1.521 1.660 —2.425 .139 - .904 9-59
Alamos National Laboratory (2006)

Nuclear material stabilization and 2.990 3.387 - 3.412 397 — .422 13-14
disposition, Hanford Site (2006)

Solid waste stabilization and 8.219 9.596 — 10.639 1.377 — 2.420 17 - 29
disposition, Hanford Site (2007)

Soil and water remediation, 3.902 5.623 — 5.759 1.721 - 1.857 44 — 48
Hanford Site (2007)

Nuclear facility decontamination 4.762 4.762 — 4.892 0 0
and decommissioning, Hanford (2006)

Site’

Radioactive liquid tank stabilization 21.647 31.048 — 39.694 9.401 — 18.048 43 - 83
and disposition, Hanford Site (2004)

Source: GAO analysis of DOE data.

°For purposes of this report, previous cost estimates are the life cycle cost estimates created at the
beginning of the most recent contract period for operation of the DOE site or the most recent major
contract modification or extension, which in many cases coincided with the beginning of the project’s
previous near-term baseline. Current life cycle cost estimates are based on the most recently
approved near-term baseline, out-year planning estimate ranges, or both.

°EM recently began using cost estimate ranges rather than point estimates. According to EM officials,
costs at the lower end of the ranges were estimated at the 50 percent level of confidence, while costs
at the upper end of the ranges represent the 80 percent level of confidence. For this report, our
analysis of cost change uses the lower end of the range, which excludes contingency, because
contingency amounts can vary widely between projects and are not typically funded before they are

needed.

‘We calculated the percentage of cost increase on the basis of constant 2008 dollars to make them
comparable across projects and to show real increases in cost while excluding increases due to

inflation.

‘As of August 2008, this project has not registered a cost increase. However, project officials told us
that they expect to file a baseline change proposal increasing the life cycle cost by at least several

hundred million dollars by the end of December 2008.
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As the table shows, estimated costs increased from a minimum of $139
million for one project to more than $9 billion for another project. The
smallest dollar and percentage increase—$139 million, or 9 percent—
occurred at Los Alamos’ soil and water remediation project, which is
focused on cleaning up known or suspected chemical and radiological
contamination in addition to treating soil and groundwater that was
contaminated by this waste. This project, however, is expected to further
increase its life cycle cost estimate. The largest dollar increase among the
10 major projects—more than $9 billion—was for Hanford’s radioactive
liquid tank waste project, which is expected to remove, treat, and dispose
of more than 56 million gallons of high-level radioactive waste in 177
underground storage tanks. In fact, the other radioactive liquid tank waste
project, at Savannah River, registered the second largest dollar increase—
almost $7 billion. However, the largest percentage increase—about 64
percent—occurred at Oak Ridge’s nuclear facilities decontamination and
decommissioning project.

Table 2 shows that 8 of the 10 projects we reviewed experienced delays in
scheduled project completion, ranging from 2 years to 15 years.'

_______________________________________________________________________________________________________________|
Table 2: Changes in Estimated Project Schedules for DOE Major Cleanup Projects

Schedule

Previous completion Current completion change
Project date estimate® date estimate® (years)
Solid waste stabilization and disposition, Idaho
National Laboratory 2012 2016 — 2020 4-8
Nuclear facility decontamination and
decommissioning, Oak Ridge Reservation 2008 2017 9
Nuclear material stabilization and disposition,
Savannah River Site 2015 2024 — 2026 9-11
Radioactive liquid tank stabilization and
disposition, Savannah River Site 2019 2032 — 2034 13-15
Soil and water remediation, Los Alamos
National Laboratory” 2015 2015 0
Nuclear material stabilization and disposition,
Hanford site 2016 2018 — 2019 2-3

'EM recently began using schedule estimate ranges rather than point estimates. According
to EM officials, scheduled completion dates at the lower end of the ranges were estimated
at the 50 percent level of confidence, while dates at the upper end of the ranges represent
the 80 percent level of confidence. For this report, our analysis of schedule change uses the
lower end of the range.
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Schedule

Previous completion Current completion change
Project date estimate® date estimate® (years)
Solid waste stabilization and disposition,
Hanford site 2035 2050 - 2058 15-23
Soil and water remediation, Hanford site 2035 2050 — 2059 15-24
Nuclear facility decontamination and
decommissioning, Hanford site 2019 2019 0
Radioactive liquid tank stabilization and
disposition, Hanford site 2032 2042 - 2050 10-18

Source: GAO analysis of DOE data.

°For purposes of this report, previous project completion dates represent the estimates at the
beginning of the new contract period for operation of the DOE site or the major contract modification
or extension, which typically coincided with the beginning of the projects’ current or previous near-
term baseline. Current completion date estimates represent the most recently approved near-term
baseline or out-year planning estimate ranges calculated at the 50 percent confidence level at the
lower end of the range, to the 80 percent level of confidence at the higher end of the range. EM
recently began using schedule estimate ranges rather than point estimates. For this report, our
analysis of schedule change uses the lower end of the range.

*The June 2008 Baseline Change Proposal shows proposed costs associated with this project at the
80 percent confidence level would extend through fiscal year 2020.

As table 2 shows, the shortest delay is at Hanford’s nuclear material
stabilization and disposition project, while the longest delays—15 years—
also are at Hanford: the soil and water remediation and the solid waste
stabilization and disposition projects.

Overly Optimistic
Baselines Contributed to
Significant Changes in
Projects’ Life Cycle

Baseline Schedules Were Not
Linked to Technical or Funding
Realities

The changes in schedule and costs occurred primarily for two reasons.
First, initial project baselines were built on accelerated schedules that
were not always linked to technical capabilities or available budgets,
although EM has begun to tie its new baselines to anticipated funding.
Second, the initial baselines included other assumptions that did not hold
true, including conditions on the ground at the sites, expected completion
dates for related construction projects, and activities that would be
included in projects’ scopes of work.

The initial baselines for 8 of the 10 major projects we reviewed contained
schedules that were influenced by an EM-wide effort to accelerate the
office’s cleanup work. In 2002, EM management worked with its sites and
regulators to create new, earlier milestones for completing key cleanup
projects and for closing entire sites to reduce the public health and
environmental risks posed by the waste at these sites. Before this effort,
some of the major cleanup projects were not estimated to complete work
until the 2030s and 2040s. Under the accelerated schedules, four projects’
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completion dates were moved up by 15 years or more, as was the case for
the radioactive liquid tank waste stabilization and disposition project at
the Hanford site; its completion date was moved from 2048 to 2028. The
baselines containing the accelerated schedules—those generally created
between 2003 and 2006—tied their work scope and funding assumptions
to the completion dates and not necessarily to available cleanup
technologies. For example:

Solid waste stabilization and disposition project at Idaho. To meet its
accelerated completion date of 2012—down from 2018—DOE’s Idaho
National Laboratory assumed its Advanced Mixed Waste Treatment Plant
could process nuclear waste at a rate of about 8,500 cubic meters per
year—more than 50 percent faster than the rate of about 5,400 cubic
meters per year demonstrated when DOE established the baseline. At the
time, because the plant had only recently begun operating, project staff
lacked confidence that they could meet the processing rate. Moreover, the
independent team reviewing the baseline reported that the rate was
optimistically high. Nevertheless, DOE proceeded with the initial baseline,
increasing the amount of unfunded contingency in its baseline and
attempting to meet the optimistic rate by providing the contractor with
performance incentives. Still, the processing rate has fallen short of
baseline assumptions—it is currently roughly 6,000 cubic meters per year.
To reflect this more realistic rate, DOE subsequently revised its baseline,
adding 4 years to the project schedule and increasing costs by about $450
million.

Radioactive liquid tank waste stabilization and disposition project at
Savannah River. This project, in part, combines high-level radioactive
waste stored in tanks at the Savannah River Site with melted glass and
places it in canisters ultimately to be sent to a federal repository for
disposal. DOE directed that the project’s completion date be accelerated,
from 2035 in its early planning documents to 2019 in the initial baseline. In
order to make that date, according to project officials, they included some
assumptions in the initial baseline they knew at the time would be difficult
to realize. Specifically, they assumed that the project’s waste processing
facility could produce canisters consisting of up to 49 percent high-level
waste—with the remaining space filled with melted glass—when at the
time it had not been able to produce a canister containing more than 42
percent high-level waste with an existing technology while remaining
within the acceptance criteria for the federal repository. Those criteria
dictate specific characteristics, including durability and leachability for the
glass-waste mixtures in the canisters. DOE has since adjusted these
assumptions—the current waste processing plan assumes the canisters
will contain 34 percent to 38 percent high-level waste using the existing
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technology—contributing to the overall cost increase and schedule delay
for this project.

These early baselines also were not tied to expected funding. According to
several senior EM officials, before April 2007, project directors were
instructed to create cost baselines to meet the accelerated schedules and
their regulatory milestones without regard for the likely funding the
projects could expect to receive. Consequently, the funding assumptions
in the projects’ baselines were higher than the amount of funding DOE
requested each year. According to a senior EM budget official, these
shortfalls required project managers to continually adjust cost and
schedule baselines as projects moved work activities into the out years to
accommodate the lower funding levels. For example, according to site
officials at Oak Ridge, when DOE did not request the full amount of
funding in the nuclear facility’s decontamination and decommission
project’s initial baseline, the project could not complete all the work as
planned. Project managers responded by pushing work activities into the
out years, which contributed, in part, to the project’s overall cost increase
and schedule delay. Similarly, as noted in a recent DOE internal audit,
according to Los Alamos officials, funding has not been sufficient to meet
the site’s regulatory commitments, and has been a concern since 2003,
when the site manager said he was concerned that appropriate resources
had not been identified to conduct the necessary environmental
restoration activities."”

According to EM managers, they have implemented changes to the way
baselines are created that address these problems. In April 2007, EM
changed its policy for creating project baselines. Instead of tying baselines
to the accelerated schedules and regulatory commitments with
unconstrained funding, EM limited funding for its sites, directing that all
future baselines be based on expected budget numbers generated for each
site.

For three of the projects we reviewed, this change in direction resulted in
deferral of work and schedule delays because the new funding levels
represented significant reductions in what projects were planning on

"u.s. Department of Energy, Office of Inspector General, Office of Audit Services, Audit
Report: The Department’s Progress in Meeting Los Alamos National Laboratory Consent
Order Milestones, DOE/IG-0793, April 2008.
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receiving, and these projects were low on EM’s priority list.”® For example,
Hanford’s solid waste stabilization and disposition project’s funding was
reduced to the point where it will receive minimal funding for the next 4
years in order to allow full funding of Hanford’s decontamination and
decommissioning project at River Corridor, a higher priority. During this
period, to comply with the funding levels provided, the project will
maintain minimum activities to safeguard materials and will not advance
its waste processing goals. As a result, according to project officials, life
cycle costs for this project increased in some part to reflect a longer
schedule and the additional costs of having to hire and train new workers
in the future to complete a job that already was underway.

Not all sites have implemented these changes, however. EM’s direction to
all sites to create their baselines tied to the funding profile outlined in the
June 2007 policy memo has not been applied to two of the major cleanup
projects. The Hanford radioactive liquid tank waste stabilization and
disposition project—the most expensive cleanup project—and the Los
Alamos soil and water remediation project have not aligned their baselines
with the funding targets. The Hanford project’s baseline was validated just
before the policy change took place and, for the period between 2009 and
2030, the baseline contains about $2.6 billion more than the funding
targets.” Similarly, EM approved the baseline for the Los Alamos project
even though it was not aligned with the funding targets. The baseline
identifies a projected funding shortfall each year through 2012 that peaks
at a cumulative $236 million in 2010. This shortfall does not include an
additional $947 million in unfunded contingency. At the same time EM
approved the baseline, it directed project managers at the site to change
the baseline to bring its costs in line with the targets.

Another likely contributing factor to the cleanup projects’ cost increases
and extended schedules is DOE’s practice of not including contingency
funding in its annual budget requests for EM’s cleanup projects.
Specifically, EM has requested enough funding for its cleanup projects to
ensure a 50 percent likelihood of completing the projects within the total
estimated project costs. However, the requested amount generally has not

EM’s priority list is based on maximizing risk reduction. As such, it has ranked its
activities in priority order, from highest to lowest, from stabilizing radioactive tank waste
in preparation for treatment down to decontaminating and decommissioning excess
facilities.

19Figures in this paragraph are in current year dollars.
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Baselines Included
Assumptions about the Scope
of Work and Technical
Challenges That Did Not Hold
True

included contingency funding, which project managers may have to use in
order to complete a project on time by addressing risks that materialize
during cleanup. For example, in 2007, the radioactive liquid tank waste
project at Hanford had an unexpected spill of 85 gallons of radioactive
material from one of its storage tanks; this spill required shutting down
waste retrieval operations for 11 months in order to clean up the spill.
Even though the retrieval operations represent a small percentage of the
overall work scope ongoing at the project, the accident added at least $8
million to the retrieval cost for that one tank. Furthermore, in accordance
with EM policy, projects are expected to account for the costs of such
potential risks by increasing the amount of unfunded contingency in their
near-term and life cycle baselines. Because funding for that contingency is
not included in the budget request, however, increasing the amount of
contingency funding in the near-term baseline is largely a paperwork
exercise that has no active impact on preventing or solving problems or
anticipating actions that could offset demonstrated slow progress.

According to a December 2007 report by the National Academy of Public
Administration, EM’s practice of not funding contingency for its cleanup
projects has meant that EM has not had additional funding available to
address emergency problems when they arise and therefore has either
taken money from another project or extended the schedule of the work
into future fiscal years to manage them. Furthermore, according to EM
officials, by providing enough funding for its projects to ensure that they
have a 50 percent chance of meeting their project cost and schedule
baselines, EM recognizes that 5 of the 10 major projects are likely to miss
their cost and schedule goals. In contrast, DOE funds its construction
projects at a level that reflects a greater probability of success—80
percent—an amount that reflects the industry standard for such projects.
According to senior EM officials, EM does not fund contingency for its
cleanup projects because allotting enough funds to cover the costs of risks
that may not materialize would constrain the amount of work EM could
perform for the money it receives each year. However, in accordance with
a recommendation from the National Academy of Public Administration,
EM is evaluating its practice of not including contingency funding in its
budget requests for cleanup projects.

For most of the projects we reviewed, EM included assumptions in its
baselines that (1) did not represent the conditions at some of the major
projects, (2) did not sufficiently anticipate delays in the completion of
related construction projects, and (3) the scope of work activities to be
accomplished would not increase. Correcting these assumptions often led
to changes in the scope of work, higher costs, and extended schedules.
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First, for four of the projects we reviewed—QOak Ridge’s nuclear facility
decontamination and decommissioning project, Idaho’s solid waste
stabilization and disposition project, and Savannah River and Hanford’s
radioactive liquid tank waste stabilization and disposition projects—site
conditions were worse than project staff originally estimated, leading to
significant changes to the life cycle baseline.” For example, at the Oak
Ridge project, because a 1940s-era building was far more contaminated
and deteriorated than first estimated, DOE changed its cleanup plan and
implemented a more extensive—and therefore more expensive—approach
to tearing down the building. After a worker fell through a weakened floor,
the contractor had to first reinforce the building’s structure so that
contaminated equipment could be removed safely. Primarily because
project officials did not accurately anticipate the site conditions or the
types of work activities necessary to safely conduct the work—despite
multiple estimates generated by the contractor, DOE, and the Army
Corps—this project’s costs increased by $1.2 billion and significant
amounts of work were delayed, extending the completion date by 9 years,
to 2017.

Similarly, the initial baseline for the radioactive liquid tank waste
stabilization and disposition project at Hanford assumed that 99 percent of
the waste contained in the 177 storage tanks could be removed by using
only one type of technology to retrieve the tank waste. However, DOE
subsequently determined that almost half of the tanks contained a
hardened layer of waste that could not be removed with the chosen
technology and therefore a second technology was needed to remove this
waste. Correcting the optimistic assumptions—adding the second
technology and re-estimating the costs of retrieving waste from the tanks
based on field experience gained—increased the baseline by more than $2
billion.

Second, delays in completing related construction projects directly
contributed to schedule delays—and corresponding cost increases—for
four of the cleanup projects we reviewed. Three of these projects are at
the Hanford site in Richland, Washington. The initial baselines for these
projects included assumptions that the major construction project there—
the Waste Treatment Plant (WTP)—would be ready to begin operations in

20According to project officials, site conditions also were worse than estimated at Hanford’s
nuclear facilities decontamination and decommissioning project at River Corridor,
although a baseline change proposal for the cost increase for this project had not been filed
with EM headquarters at time of our review.
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2011. In 2006, DOE extended the WTP construction completion date by 5
years, resulting in schedule extensions for three cleanup projects.” The
major cleanup project that will run the WTP—the radioactive liquid tank
waste stabilization and disposition project—had to increase its life cycle
cost estimate by about $4.8 billion and extend its schedule by 10 years in
order to safely maintain the waste storage tanks while the treatment plant
is being built and to operate the plant for additional years, among other
things. Similarly, in response to the WTP delay, the schedules for the solid
waste stabilization and disposition project and the soil and water
remediation project were extended by 15 years—increasing costs by more
than $4 billion combined. These projects cannot complete their missions
until the WTP has finished processing all of the liquid waste in the storage
tanks. According to the currently approved baselines, the liquid tank waste
project will complete its operations in 2042, and activities under the latter
two projects are not expected to be completed until 2050.” However, as
we recently reported, DOE has acknowledged that the start of waste
treatment operations will be delayed by at least 8 years (from 2011 to
2019), not 5 years, which will likely affect further these projects’ costs and
schedules.”

Third, for three of the projects we reviewed, increases in work scope—the
activities required to complete the project—contributed to cost increases
and schedule delays. For example, a major contributor to the more than $3
billion cost increase and at least 9-year schedule delay at the nuclear
materials stabilization and disposition project at Savannah River was
DOE'’s approval of a new initiative in 2006 that added additional amounts
of nuclear materials for the project’s facilities to disposition, including
materials from other DOE sites. Those facilities were originally scheduled
to complete their mission in 2007—the new scope extended the mission

2Tn 2006 we reported on the primary causes of the cost and schedule increases at the WTP,
some of which echo the issues we found relative to the major cleanup projects:
shortcomings in the contractor’s performance, DOE management and oversight problems,
and technical challenges that were more difficult to address than anticipated. GAO,
Hanford Waste Treatment Plant: Contractor and DOE Management Problems Have Lead
to Higher Costs, Construction Delays, and Safety Concerns, GAO-06-602T (Washington,
D.C.: Apr. 6, 2006).

“These dates are based on a 50 percent confidence level. With 80 percent confidence, the
liquid tank waste is estimated to extend until 2050, the solid waste project is estimated to
complete in 2058, and the soil and water project is estimated to extend until 2059.

®GAO, Nuclear Waste: DOE Lacks Critical Information Needed to Assess its Tank
Management Strategy at Hanford, GAO-08-793 (Washington, D.C.: June 30, 2008.)
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until 2019.* Similarly, Savannah River’s other major cleanup project—
radioactive liquid tank waste stabilization and disposition—also had
significant scope added. Under a law passed in 2004, DOE determined
that the salt waste in its tanks is not high-level waste and therefore can be
disposed of at the site instead of in a geologic repository. The law required
DOE to consult with the Nuclear Regulatory Commission when making
this determination. According to DOE, this consultation and the resulting
changes to the cleanup process added significant scope to the project,
causing DOE to lengthen the estimated time to close the 49 tanks at the
site.

According to EM, most of the cost increases and schedule delays
experienced by the major cleanup projects were the direct result of
unrealized aggressive planning assumptions. EM has since recognized that
project baselines must be based on realistic technical and regulatory
assumptions and be planned on the basis of realistic out year budget
profiles. However, it appears that the practice of incorporating optimistic
assumptions into project baselines has not yet been eliminated. As we
recently reported, some of the underlying assumptions in the baseline for
the Hanford radioactive liquid tank waste project may be overly
optimistic.”® For example, DOE assumes that the tanks will remain viable
throughout what has become a protracted waste treatment process, with
some tanks expected to remain in service more than 60 years longer than
originally anticipated. This extended operation raises the risk of tank
failure and leaks to the environment. The baseline also assumes that
emptying single-shell tanks will proceed significantly faster than it has to
date. Hanford project management officials have since acknowledged that
the ambitious retrieval schedule might not be achievable and are adjusting
their planning estimates.

*'As we recently reported, DOE may identify additional nuclear materials to process
through these facilities, which could delay the planned 2019 shutdown and increase
operational costs. GAO, Nuclear Material: DOE Needs to Take Action to Reduce Risks
Before Processing Additional Nuclear Material at the Savannah River Site’s H-Canyon,
GAO-08-840 (Washington, D.C.: July 25, 2008).

*Ronald Reagan National Defense Authorization Act for Fiscal Year 2005, Pub. L. No. 108-
375 § 3116. This law resolved a lawsuit in which an environmental group alleged that DOE
lacked authority to determine that particular wastes were not high-level waste.

»GA0-08-793.
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DOE Has Not
Effectively Used
Available
Management Tools to
Help Control Major
Cleanup Projects’
Scope of Work, Costs,
and Schedule

While DOE has several mechanisms in place to help manage cleanup
projects, including independent reviews, performance information
systems, guidance, and performance goals, it has not always used them to
effectively manage major cleanup projects’ scopes, costs, and schedules.

DOE’s Baseline Reviews
Highlight Problems but
Have Not Succeeded in
Ensuring Work Can Be
Accomplished within
Stated Cost and Schedule

OECM’s independent reviews of the baselines, meant, among other things,
to provide reasonable assurance that the project’s work activities can be
accomplished within the stated cost and schedule, have not done so for
four of the projects we reviewed. Instead, these baselines were
significantly modified shortly after approval. As a result, the usefulness of
the independent baseline reviews is questionable when significant baseline
changes occur very shortly after the reviews are completed, as the
following discussion illustrates.

The advanced mixed waste treatment project under Idaho’s solid waste
stabilization and disposition project. OECM’s 2006 independent review
accurately noted that the project baseline submitted for validation for the
treatment plant included an unrealistic rate for processing waste—more
than 50 percent faster than the rate demonstrated at the time the baseline
was established. In response, project officials proposed correcting the
problem primarily by increasing the amount of unfunded contingency in
the baseline, a move that reflected common practice within EM, and
OECM officials approved this action and validated the baseline. As the
panel predicted, the project’s actual processing rate after its baseline was
validated was slower than expected. Within 7 months of OECM’s
validation of the near-term baseline, project officials proposed modifying
it. DOE had to defer the activities that the contractor was not able to
accomplish in the near term, extending the project life cycle by about 4
years and increasing costs by about $450 million. We believe that DOE’s
approval of increasing unfunded contingency as a corrective action for an
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unrealistic processing rate was ineffective.” Although DOE also attempted
to increase the processing rates through contractor performance
incentives, we believe DOE should have revised the baseline using a more
realistic processing rate to calculate baseline cost and schedule before
validating it.

Oak Ridge’s nuclear facility decontamination and decommissioning
project. Significant cost increases began 2 years before OECM’s
independent validation of the project in 2006, and have continued to
increase. Specifically, life cycle costs for the project were estimated at $1.8
billion in 2004—the beginning of the project’s previous near-term
baseline—with expected project completion by fiscal year 2008. By August
2006, when OECM completed its review of the baseline and issued its
validation recommendation, life cycle costs for the project had grown to
about $2.2 billion and project completion was extended by about 1 year.
However, roughly 1 year after OECM validated the baseline, EM revised it
again, adding about $800 million in costs and delaying project completion
by an additional 8 years. EM justified the change because, among other
things, it wanted to adjust the baseline to conform to new funding targets
as directed by DOE in June 2007 and to account for other changes it
needed to make in its approach to decontaminating the building.

Los Alamos soil and water remediation project. In March 2008, EM
approved an independent review of this project and the associated
baseline although it expected that the baseline would change. According
to the EM memorandum approving the baseline, changes in EM’s priorities
and funding plans were likely to necessitate changes to the Los Alamos
project’s baseline, and the project was directed to submit a baseline
change that would align the baseline with funding targets. OECM officials
also acknowledged that their independent review of the baseline was
based on assumptions that would likely not prove to be true. Specifically,
OECM’s review assumed that the project would receive the full funding
needed even though DOE'’s funding targets at the time were below the
funding levels needed to comply with the state cleanup agreement. As a
result, project officials expect that the estimated life cycle costs of nearly
$1.7 billion will increase substantially during 2008 but could not tell us the

*"DOE included $180 million (representing an additional 18 months of work) in its
unfunded contingency for this project , which would have covered only part of the $450
million cost increase or the 4-year schedule delay experienced by the project.
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extent of the cost and schedule change until they receive DOE’s new
funding commitments for the project.

Hanford’s radioactive liquid tank waste stabilization and disposition
project. The most significant cost increase—more than $9 billion—
occurred about 2 years after DOE’s initial independent review and
approval of this project. The project’s baseline was first approved in 2004,
with life cycle costs expected to be about $22 billion and completion
scheduled for 2032. However, in 2006, life cycle costs increased to about
$31 billion—not including an additional $8.6 billion in unfunded
contingency—and the completion date was extended by 10 years, to 2042.
Project officials expect the baseline will require another update and
independent review in 2009 to reflect anticipated changes as a result of the
project’s new contractor and because of changes resulting from ongoing
negotiations with state regulators over regulatory agreement milestones.

In addition to changes to the baselines soon after the independent reviews,
DOE has recently relaxed standards used for conducting these reviews. In
2003, DOE issued standard operating procedures for conducting
independent reviews—primarily of construction projects. These
procedures stated that baselines should be considered, once approved, as
set in concrete. The EM-OECM 2005 protocol—and its 2007 update—for
cleanup projects replaced the standard operating procedures and directed
OECM to validate only the near-term baseline for cleanup projects while
reviewing the life cycle estimate “for reasonableness.” In this way, EM and
OECM sought to acknowledge what they believe are the greater
uncertainties present in the out-years of a cleanup project compared with
a typical construction project. However, within a year of the 2007
protocol, OECM had changed its approach for EM cleanup projects from
validating baselines to “certifying” them, which is a more limited statement
of assurance than validation. Specifically, according to OECM officials,
certification means that the near-term baselines are reasonable if near-
term baseline costs are funded as outlined in the baseline and contingency
funds are provided as needed. The change is intended to reflect OECM’s
belief that, because funding for cleanup projects is more uncertain than
for construction projects, the same confidence level cannot, nor should, be
applied to reviews of EM cleanup project baselines as it is applied to
construction projects. Since EM headquarters does not consistently
provide contingency funds for its cleanup projects, and half of the major
projects have significant contingencies in their near-term baselines, the
most likely result for projects experiencing problems is to extend
schedules and increase life cycle costs. In commenting on a draft of this
report, OECM stated it intends to go back to validating near-term baselines
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for cleanup projects, assuming, in part, that funding becomes more stable
and EM gains greater experience managing near-term baselines.

DOE Lacks Reliable and
Consistent Performance
Information

EM Baseline Change Reports
Do Not Consistently Include
Needed Information

DOE managers depend on data about the performance of EM’s major
cleanup projects to make informed decisions about how best to handle
unexpected events and manage shifting priorities. DOE site and
headquarters staff generate a number of regular reports to update senior
managers on the status of these projects, both to justify making significant
changes to project baselines and to request funding from Congress.
Although these reports provide valuable information to managers on the
progress of work at cleanup sites around the country, they do not
consistently provide the key information needed to make fully informed
management decisions about EM’s major cleanup projects. Specifically,
(1) proposals for baseline changes do not consistently identify reasons for
proposed changes or possible root causes that contributed to problems,
(2) use of EVM data does not consistently conform to industry standards
or GAO’s best practices, (3) quarterly reports do not always describe the
impact of contractor performance on near-term or life cycle costs and
schedules, and (4) reports to Congress on the status of and changes to
major cleanup projects are limited to a small snapshot in time and do not
provide information necessary for effective oversight.

When a project reaches a point at which it is likely to miss the goals in its
baseline, project managers are required to propose changes to the
project’s cost, schedule, or scope baseline, a process that is akin to hitting
the reset button. EM project managers request such a change by, among
other things, documenting certain information in a Baseline Change
Proposal report, including current approved costs and new proposed
costs, proposed project start and end dates, and a justification for the
changes. For the key change proposals we reviewed for the major cleanup
projects, the information provided describing the changes and their
impacts varied widely, with some projects providing little to no
explanatory information about what led to the change and others
explaining the causes of the changes in detail. For example, a change
proposal for Hanford’s nuclear material stabilization and disposition
project simply described the project’s scope of work and did not provide
any explanation for why the project’s schedule was being delayed by 3
years, while a proposal from Savannah River’s radioactive liquid tank
waste stabilization and disposition project included information on the
causes for its cost and schedule changes, as well as the specific cost and
schedule impacts of each cause. However, the change proposals we
reviewed generally did not address the root causes that resulted in the
changes to the baseline. For example, the Savannah River change proposal
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explained that almost $500 million of the total proposed cost increase was
due to revising the strategy for finishing the project. However, the
proposal did not explain why this strategy needed revision. In investigating
the reason for this proposed revision, we determined that a robust strategy
for finishing the project was not included in the original baseline because
the project was directed to meet a completion date of 2025 and could not
do so if it included the thorough closure strategy. Without including this
kind of information in the proposals, it would be difficult for EM managers
to effectively identify the true causes of the baseline changes, take steps to
address them, and transfer any lessons learned to other projects.

In addition, EM does not centrally gather and systematically analyze the
narrative information in the baseline change proposals. We recognize that
such information is not easily analyzed to identify common causes across
projects. However, without such analysis, EM senior managers are
potentially hindered in addressing problems collectively. One EM project
management official agreed that having the ability to analyze the
information in the change proposals across projects would be beneficial,
but that his office had not yet made it a priority to collect this information
because it was still addressing reliability issues with the data in the change
proposals.

EM has made some effort to identify root causes of its project
management problems. It recently participated in a DOE-wide effort to
identify root causes of project and contract management problems in
response to GAQO’s inclusion of DOE’s contract management on its high-
risk list.® However, DOE’s analysis was focused more on construction
projects than EM cleanup projects. The report notes that the emphasis of
the effort was on the capital line item—construction—projects, but that
several of the issues identified also are applicable to other projects,
including EM cleanup projects.* According to one project participant from
OECM, the participants discussed how some of the issues raised related to
cleanup projects but they did not examine those projects as extensively as
the construction projects. In commenting on a draft of this report, DOE
explained that its analysis was based more on data from construction
projects than EM cleanup projects because more data exist documenting
DOE’s past project management deficiencies for construction projects

®GAO, High-Risk Series: An Update, GAO-07-310 (Washington, D.C.: January 2007).

ZQDOE, Root Cause Analysis: Contract and Project Management (Washington, D.C., April
2008).
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Use of Earned Value Data Does
Not Always Conform to
Industry Standards or GAO-
Identified Best Practices

since those projects have a longer history of a structured, disciplined
management process.

At three of the major cleanup projects—nuclear facilities cleanup at the
Hanford Site’s river corridor cleanup project, solid waste stabilization and
disposition at Idaho National Laboratory, and soil and water remediation
at Los Alamos National Laboratory—we found several instances in which
the use of EVM data did not conform to industry standards or our best
practices.” As a result, EM and site project managers using the data may
be less able to make informed decisions to effectively manage these
projects.

Data anomalies. For all three projects, the EVM systems we assessed
contained data errors or anomalies that could potentially distort the
analysis of EVM data. Anomalies included, for example, reporting negative
actual costs or reporting costs that are not tied to work scheduled or
performed. The Los Alamos EVM data contained both types of these
anomalies, which may have distorted the results of data analyses by as
much as $34 million, preventing managers from understanding the true
status of project performance. According to project officials, the
anomalies occurred primarily because Los Alamos had initially assigned
costs to a general account, and waited up to several months before
assigning these costs to the correct specific work activities. In another
case, in a significant number of instances the contractor at Hanford’s river
corridor closure project reported costs incurred for work activities
performed that had not been scheduled to start until future years, skewing
the reported performance results.” The contractor explained that these
data anomalies occurred because it had performed work sooner than
originally expected—and therefore the work was not incorporated into the
project’s EVM planned schedule in the periods for which it was actually
performed. Project officials at the site stated that they believe the EVM
information, as reported, correctly represents the project’s status. As such,
the summary-level EVM data seem to depict a favorable schedule

®We conducted limited assessments of EVM data reliability, compliance with industry
standards or our best practices, and other analyses at three of the five EM sites we visited,
including data from the Hanford site’s river corridor cleanup project, Washington; Idaho
National Laboratory’s advanced mixed waste treatment plant subproject (within the solid
waste stabilization and disposition project), Idaho; and Los Alamos National Laboratory’s
soil and water remediation project, New Mexico.

31Specifically, we found elements where the contractor reported budgeted and actual costs
of work performed without a corresponding work schedule.
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performance in April 2008; however, our independent analysis of this data
shows that when we removed the value of the work that was started and
completed ahead of schedule, the remainder of the originally scheduled
work was actually behind schedule in April 2008, and trends indicated that
the variance was worsening.

Data on the availability of staff to perform future work was not always
developed. For one of the projects we reviewed, the EVM system lacked
important information on staffing, contrary to GAO-identified best
practices. DOE officials at Los Alamos’ soil and water remediation project
told us they plan to begin asking for staffing information from the
contractor, and contractor officials stated they are setting up a staffing
report within their EVM system. Without this information, project
managers lack important information necessary for ensuring that they
have, or will have, an adequate number and type of staff to perform the
upcoming scheduled work.

Reliability of earned value systems is questionable. OECM has certified
that the earned value system used to report performance for only one of
the three systems we assessed meets the required industry standards.”
The EVM system used by the contractor operating the advanced mixed
waste treatment project—a significant portion of the solid waste
stabilization and disposition project at the Idaho National Laboratory—has
not been reviewed by OECM to determine whether it is compliant with
industry standards, and contractor officials stated they believed their
system does not meet the standards. In addition, OECM was in the process
of reviewing the system used by the contractor responsible for the soil and
water remediation project at Los Alamos National Laboratory at the time
of our review. As a result, these projects lack the necessary assurances
that the EVM data were free of errors and anomalies that could skew and
distort the EVM analyses.

Once a system is certified as meeting the standards, regular surveillance is
needed in order to ensure its continued compliance. Surveillance allows
managers to focus on how well a contractor is using its EVM system to
manage cost, schedule, and technical performance, and is important

#OECM has certified that all of the EVM systems used by the contractors working on the
10 major cleanup projects are in compliance with the American National Standards
Institute/Electronic Industries Alliance standard except that of the Advanced Mixed Waste
Treatment Project contractor at Idaho and the major project at the Los Alamos National
Laboratory.
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because it monitors problems with performance and the EVM data. If
these kinds of problems go undetected, EVM data may be distorted and
not meaningful for decision making. OECM'’s surveillance program is
under development: it recently hired one staff person to lead its
surveillance efforts, and is developing a guide to better define its
surveillance protocol. DOE also requires its sites to perform surveillance
of EVM monthly contractor performance data, which includes developing
EVM surveillance plans and conducting random EVM surveillance.

Furthermore, EM managers do not appear to consistently gather or
analyze EVM data to maximize the data’s benefits for project management.
GAO best practices recommend that EVM system reports include thorough
narrative explanations of any root causes of, or proposed corrective
actions, for reported cost and schedule variances shown in the data. For
the soil and water remediation project at Los Alamos, for example, EM did
not require that this information be reported by its contractor. As a result,
EM project managers at Los Alamos have not always received the
information necessary for ensuring that effective corrective actions are
implemented to prevent additional changes to the cost and schedule
baselines. According to contractor officials, they reported information on
root causes and corrective actions to EM routinely before fiscal year 2008,
but DOE asked them to stop providing it. According to the project director
for the soil and water remediation project at Los Alamos, the Los Alamos
Site Office Assistant Manager had directed the contractor to not provide
the variance reports as part of its project status reviews because the
contractor’s explanation of these variance reports during scheduled
meetings was taking several hours to review and wanted instead to use the
available time to focus more on risk management and other project issues.
However, according to this site official, the site office’s direction was not
intended to discontinue all variance analysis reporting. Although the
contractor discontinued including the variance analyses reports in its
project status reviews, the project director stated that DOE continues to
obtain information from the contractor by other means, such as cost
performance reports and weekly contractor meetings at which DOE and
the contractor discuss the root causes of variances that resulted in risks to
meeting milestone compliance agreements. However, contractor cost
performance reports we reviewed did not provide any narrative
information on causes or corrective actions. Furthermore, the weekly
contractor meetings discuss only certain root causes of the variances that
resulted in risks to milestone compliance agreements and therefore are
neither comprehensive nor documented. Because verbal information can
easily be forgotten, lost, or misinterpreted, among other things, we believe
that a written report would be a best practice.
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Quarterly Reports Do Not
Present a Comprehensive
Picture of Performance against
Near-Term or Life Cycle
Commitments

In addition, EM projects report their EVM data to headquarters managers
at the project summary level, which can mask problems occurring in the
project that more detailed reporting could reveal. At Idaho, in early 2008,
EVM data showed the solid waste stabilization and disposition project was
performing ahead of schedule and under cost, although major problems
had occurred at the advanced mixed waste treatment project—the primary
subproject. Without EVM reports that contain more specific detail, project
managers at headquarters may not recognize that a problem is occurring
until it becomes large enough to recognize at the summary project level of
reporting. In addition, greater detailed information provided to managers
earlier in the project potentially could allow for early intervention.

Beyond more detailed reports, some project managers in the field and at
headquarters have not always systematically reviewed or independently
analyzed the EVM data they received, which also would help improve their
understanding, as well as mitigate potential problems occurring within a
project. At one site we visited, the DOE official receiving the data said he
did not analyze the information before entering it into the EM
headquarters database. In turn, headquarters EM project managers told us
they also do not analyze the EVM data the projects report. One oversight
official indicated he would prefer to analyze the information he receives
from the projects but he did not have the time required to do so. A senior
EM project management official told us that he recognizes this deficiency
and is working to address it: EM intends to pilot a new software package
that will allow managers to analyze EVM data. According to EM, the
software will enable EM managers to drill down into the EVM data
received from the contractors, thus improving their oversight capabilities.
In addition, according to EM project management officials, EM has
insufficient federal staff to conduct oversight, which is being addressed as
part of an ongoing effort to improve project management. In commenting
on a draft of this report, EM stated it also intends to provide additional
EVM training for its analysts.

In accordance with Order 413, EM senior managers, including the
Assistant Secretary, receive quarterly updates on the status of the major
cleanup projects. Two key reports are the quarterly project reviews (QPR),
generated by EM project managers, and a quarterly project status report
created by OECM. These reports contain contractor performance data and
information about new or ongoing issues that need addressing at the sites,
but do not always describe how contractor performance affects
performance against the near-term or life cycle baselines. Without this
information, managers cannot develop a comprehensive assessment of
progress against agreed-upon goals.
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The QPRs and OECM quarterly reports we reviewed largely use EVM data
to assess project performance, but these data only reflect performance
against the current contract period. Current contract period start and end
dates do not line up with the start and end dates of the near-term baselines
for any of the major cleanup projects we reviewed, and contract goals
have not always been tied to what would be necessary to meet near-term
baseline goals.” For example, we found the EVM data for Idaho’s solid
waste stabilization and disposition project—including the advanced mixed
waste treatment subproject—that was reported in the QPRs and OECM
quarterly reports from early 2008 did not line up with the near-term
baseline because the advanced mixed waste treatment project’s contract
period was not the same as the near-term baseline period, which ends in
2012. EVM data for this project are reported as a combination of work
done by two contractors: disposal of low-level and mixed-low-level waste,
among other things, by the major site contractor, whose contract runs
through 2012, and the advanced mixed waste treatment project operations
contractor, who, in early 2008, was operating under a contract extension
that expired in April 2008, 4 years shy of the end of the near-term baseline.
In addition, according to project officials, the goal of processing 15,500
cubic meters of waste contained in that contract extension was not based
on what was necessary to meet the near-term baseline goal of processing
65,000 cubic meters of waste by 2012, which was DOE’s commitment at
the time of the extension. Since the advanced mixed waste treatment
project’s activities make up about 75 percent of the cost baseline for the
overall project, EVM data for this project as reported in the QPRs and
OECM quarterly reports were not an accurate indicator of how the project
was performing against the approved near-term baseline. DOE has further
extended the advanced mixed waste treatment project contract through
September 2009, and project officials explained the current extension is
better linked to the current baseline, meaning EVM data reported should
represent a better indication of performance against that baseline.

In addition, although the QPRs we reviewed include data on current life
cycle cost and schedule estimates, they do not always include information
about changes to the schedule or scope, nor do they explicitly mention
when a change to the baseline has been proposed. Instead, the QPRs
generally present information on life cycle cost increases and provide

FContract start and end dates for the major cleanup projects do not match near-term
baseline start and end dates. Furthermore, EVM data at Los Alamos is reported only against
the current fiscal year, not against the full contract period or the near-term baseline.
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EM Does Not Report
Information about Significant
Changes to Near-Term and Life
Cycle Baselines to Congress

comparisons to original baselines. QPRs also contain a schedule for each
project detailing key milestones and expected end dates. However, when a
change to a project completion date is made, the schedule shown in the
QPR in most cases does not preserve the original completion date as a
point of comparison. Similarly, there does not appear to be any
mechanism in the QPR to present a change in a project’s scope of work,
for example, a move of some work activities from the near term into the
out years. As a result, the reports tell only that life cycle costs have
increased, but corresponding changes to schedule and scope are not
apparent. Furthermore, there is no clear place in a QPR for a project
manager to mention that a baseline change proposal has been submitted to
headquarters if the results of that proposal are not yet presented in the life
cycle cost or schedule information in the report. Including mentions of
pending change proposals may help ensure senior managers clearly
understand the true state of a project’s performance.

A key performance indicator used in OECM’s quarterly reports also may
create the impression that a project is performing well overall when it is in
fact encountering problems. As directed in the 2007 protocol for cleanup
projects, OECM uses a traffic light indicator—red-yellow-green—as an at-
a-glance way to highlight developing problems for DOE managers. This
indicator is intended to represent expected performance against the
approved near-term baseline and is based largely on EVM data. However,
since projects encountering problems tend to manage those problems by
moving work scope into the out years, the effects of problems occurring
today show up as increases to out-year cost and schedule estimates and
not as increases or delays in a near-term baseline.” Therefore, a project
rated “green” by OECM may simultaneously be experiencing increases in
overall life cycle costs and delays in project completion. OECM officials
agreed that it would be beneficial to present projected impacts of current
performance on life cycle estimates wherever practical in its reports.

DOE’s reports to Congress do not include key information that would aid
oversight efforts, including the extent of and reasons for significant
changes to near-term and life cycle baseline estimates, and the status of
estimated life cycle costs. DOE’s annual budget request to Congress for
fiscal year 2009 for EM included funding requests for each site and each
project, as well as the funding appropriated in fiscal years 2007 and 2008.

U commenting on a draft of this report, EM indicated that scope deferrals or changes to
the near-term baseline must now be formally approved by EM management.
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The budget request also contains, among other things, descriptive
information about the sites and projects, including EM’s major cleanup
projects, and about cleanup goals, regulatory frameworks, and key
uncertainties. However, the request did not provide any project-specific
life cycle costs or completion dates.” In the previous three budget
requests, EM had provided life cycle costs and planned completion dates
for each project. Without this information, Congress cannot know what
progress each project has made and the extent of work still needed,
cannot understand how the project may be changing and has changed over
time, and cannot know whether the project experienced problems since
the previous budget request and the reasons for these problems. The
absence of this information makes it more challenging to effectively
oversee the department and its major cleanup projects.

DOE has not been directed to provide such information about its major
cleanup projects to Congress. In contrast, Congress has required the
Department of Defense to report annually on its major defense acquisition
programs—those costing $2 billion or more and typically consisting of a
weapons system, such as Navy ships or fighter planes—or report quarterly
when programs are experiencing significant cost increases or schedule
delays.” Congress established the reporting requirement to improve
oversight of these defense programs by providing visibility and
accountability for any growth in cost that may occur. Known as Selected
Acquisition Reports, each annual report includes information on full life
cycle program costs, unit costs—the cost per plane or ship—and the
history of those costs. A quarterly report also includes reasons for any
change in unit cost or program schedule since the previous report,
information about major contracts under the program and reasons for any
cost or schedule variances, and program highlights. In addition, the
Department of Defense includes development and procurement schedules,
with estimated costs through program completion, in its annual budget
justification submissions to Congress.

®DOE’s fiscal year 2009 request for EM includes ranges of life cycle costs and completion
dates at the site level.

36Maljor defense acquisition programs are those identified by the Department of Defense
that require eventual total research, development, test, and evaluation expenditures of
more than $365 million or $2.19 billion for procurement in fiscal year 2000 constant dollars.
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DOE Guidance for
Management and
Oversight Functions Is
Unclear and Not
Implemented Uniformly
across Sites

EM’s key policies for managing its cleanup projects—including developing
project baselines, managing risk, and planning for contingency funding—
are not consolidated but spread across various guidance documents and
memos and provide contradictory and confusing information. Although
Order 413 serves as the overarching policy document for project
management, according to EM, the order contains requirements that are
unnecessary or expensive and awkward to implement for cleanup
projects. EM thus has issued numerous memos outlining the way in which
its project managers should implement the order. See table 3 for a list of
key memos we identified that contribute to project management guidance
and policy for EM cleanup projects.

________________________________________________________________________________________________________________________|
Table 3: Key Policy Memos for EM Cleanup Projects

Date Title

Source Guidance provided

February 3, 2005

EM Contingency Policy

EM Policy on funding contingency and
preferred method for establishing
contingency

June 23, 2005

Manual 413.3-1

Project Management for the
Acquisition of Capital Assets—DOE Budget and Evaluation

DOE Office of Management, Requirements and guidance on

implementing Order 413

July 10, 2006 Policies for EM Operating Project EM Additional clarification and guidance
Performance Baselines, on process and requirements to
Contingency and Federal Risk identify, develop, control, and
Management Plans, and validate EM baselines
Configuration Control®

July 28, 2006 Program and Project Management  DOE Project management guidance on

for the Acquisition of Capital
Assets—DOE Order 413.3A

acquisition of capital assets and
environmental restoration projects

March 2, 2007

Risk Management Policy EM

Statement of EM risk management
policy

April 24, 2007

Protocol for EM Cleanup Project
Performance Baselines and

Governs review and validation of
cleanup projects

EM and OECM

Conducting the External
Independent Review or the EM
Independent Project Review

June 25, 2007

Out-Years

Guidance for Implementing Baseline EM
Changes to Reflect Funding Targets
for Fiscal Year 2008 through the

Directed sites to develop baselines
tied to specific funding targets
provided

February 13, 2008 Configuration Control Process for EM

Project Baselines

Update on EM effort to put baseline
under configuration control

Source: GAO’s analysis of DOE information.

*Configuration control refers to efforts to manage and track any changes to work activities, costs, and
schedules.
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As the table shows, rather than having a consolidated source for guidance,
EM project managers must consult multiple sources to determine how to
correctly create a baseline or calculate contingency funding for a project.
Furthermore, some of EM’s guidance includes vague language and various
exceptions to rules, which are likely to contribute to a project manager’s
difficulty in determining how to implement EM policy. For example,
according to the April 2007 protocol for cleanup projects, once a contract
is awarded and a detailed near-term baseline is developed, a follow-up
independent review will be required if the baseline (1) exceeds the
previously validated near-term baseline costs by 15 percent or more, (2)
increases the schedule by a year, or (3) modifies scope significantly. The
first two conditions for requiring a follow-up review are tied to fairly
precise numbers—15 percent and 1 year—although there could be some
question as to whether these numbers are to be applied to the original or
reset baseline calculations, especially for projects that have been extended
multiple times. However, the protocol provides no parameters for
determining when the third condition, a “significant” scope modification,
has occurred.

In addition, agency officials were not able to provide us with formal
documentation of a significant shift in policy. As explained earlier, OECM
recently shifted from validation to certification of the cleanup projects’
near-term baselines. In response to our request for documentation of the
switch to certification, OECM provided us with an e-mail from an OECM
official to a DOE Inspector General auditor that defined certification and
explained the reasons for the change. According to this e-mail, the change
was made to acknowledge OECM'’s belief that EM cleanup projects should
not be reviewed under the same standard as construction projects. The
OECM official also directed us to DOE’s fiscal year 2009 budget request for
an explanation of the new approach. While the budget request includes a
description of baseline certification, it neither mentions that the
certification is a departure from the previous policy, nor does the request
serve as an adequate means of communicating a significant policy change.

Furthermore, different guidance documents appear to be in conflict with
one another. Specifically, EM’s 2006 memo outlining its policy on
contingency funding explained that DOE’s risks associated with
implementing a project are covered through contingency that is part of the
“unfunded” portion of the baseline; that is, its funding is not requested or
budgeted in advance of when it may be needed. However, a 2008 EM
memo primarily concerned with explaining a new process for entering
baseline changes into a database contains a description of the elements of
a near-term baseline that includes a line for “other funded contingency,”
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which has been interpreted by some EM officials as including DOE
contingency. If, according to the 2008 memo, some DOE contingency
should be funded—requested in advance—that memo directly contradicts
the guidance provided in the 2006 memo. However, although the 2008
memo states it is updating the baseline change process, it does not
specifically state that it replaces any part of the 2006 memo.

In part because of this confusion, project managers at cleanup sites have
been implementing EM’s contingency policy differently. According to EM
officials, recent independent reviews have alerted senior EM officials to
this inconsistent implementation of the policy guidance. The review teams
found that the project managers were using a variety of methodologies to
calculate the contingency for their projects. As a result, according to one
EM official with expertise in contingency, managers were likely
underestimating the amount of contingency needed for their projects. To
address this problem, EM senior managers directed the creation of a
contingency implementation guide to provide a definitive interpretation of
existing EM policy on contingency, and this guide is expected to be issued
in September 2008.

Furthermore, at least one of DOE’s policies—on independent reviews of
cost estimates—is not being implemented at all. According to Order 413
and the April 2007 protocol, an independent cost estimate—a top-to-
bottom, independent estimate that serves to cross-check a cost estimate
developed by project officials—should be developed as part of the OECM
review process for major projects when “complexity, risk, cost, or other
factors create a significant cost exposure for the Department.” We believe
that a review of a major cleanup project, given its level of expected
spending over the near term, would meet the criteria for requiring an
independent cost estimate. According to an OECM official, OECM has not
performed an independent cost estimate for any of EM’s major cleanup
projects, primarily because OECM lacks the resources required to perform
this type of rigorous estimate for the projects. Instead, OECM has taken a
less rigorous and less expensive approach in its reviews—examining cost
estimates generated by the projects but not producing a separate estimate
for comparison.

According to DOE officials, it is addressing some of these guidance issues.
By the end of September 2008, officials told us, DOE plans to replace its
manual directing implementation of Order 413 with a series of 16 guides.
The guides are expected to cover a range of project management issues,
including risk management and contingency funding, with one guide
providing direction on the management of EM cleanup projects. In
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addition to the guides, as part of an EM-wide effort to improve project
performance, EM has issued 18 recommended priority actions that contain
additional EM-specific requirements for cleanup projects. It is unclear
whether the guides and priority actions are expected to supplant all other
guidance, or whether they will adequately address the challenge project
managers face in determining the most up-to-date, comprehensive
guidance to be followed.

DOE Recently Changed
Expectations for Cleanup
Projects’ Performance

According to EM senior managers, EM cleanup projects are significantly
different from DOE’s construction projects in a number of ways. That is, it
is harder in many instances to clearly define up-front requirements for
cleanup projects, and there are more unknowns, especially since some of
these projects are the first of their kind, with undefined scopes of work
and significant risks scheduled many years into the future. Because of
these differences and because it has said changing budget priorities may
affect funding over time, DOE recently changed its performance goal—the
amount of work to be accomplished and the cost margin for
accomplishing that work—for EM cleanup projects to reflect a much
larger margin of error than the performance goal set for construction
projects.

Before 2008, a major cleanup project was measured against the same goal
as a construction project: achieve at least 100 percent of the scope of work
in its baseline with less than a 10 percent cost increase over the life of the
project.” However, EM’s current cleanup project performance goal applies
only to the near-term baseline, and the projects now are considered to be
successful if they achieve at least 80 percent of the scope of work in their
near-term baselines with less than a 25 percent cost increase. The new
performance goal permits up to 20 percent of the scope of work to be
deferred from the near term to out years, which creates a substantially
greater risk that life cycle costs will continue to increase and that
completion dates will be delayed. As a result, for example, under this goal
the four major projects each expected to cost more than $2 billion in the
near term could increase their costs by $500 million each over that period
and be considered successful. Furthermore, because a directed change—
defined as a change caused by DOE policy, or regulatory or statutory

As previously reported in GAO-07-518, in 2004 DOE began reporting performance
information for EM cleanup projects against the same goal as the line-item construction
projects. In late 2005, however, DOE switched to reporting performance only for those
projects with validated cost and schedule baselines.
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actions—already exempts projects from meeting the performance goals,
creating a less stringent goal for EM cleanup projects further waters down
the impact of having a performance goal in the first place. By lowering
expectations for adhering to near-term baselines, DOE inadvertently may
be creating an environment in which large increases to project costs
become not only more common, but accepted and tolerated.

DOE Is Undertaking

Efforts to Implement
Project Management
Improvements

EM is undertaking a number of efforts to improve its project performance
and address long-standing problems. One such effort is EM’s “Best-in-
Class” Project Management Initiative through which EM leadership has
committed to improving project performance. Under the initiative, EM
contracted with the Army Corps to assess the current status of project
management at EM headquarters and its offices. Using the Army Corps’
analysis, EM identified a set of challenges it faced in executing its mission,
which resulted in the creation of the 18 priority actions for it to undertake
to address the challenges and implement its initiative. Those priority
actions include, among others, completing DOE’s project management
guide, which is expected to bring all project management guidance
documents under one umbrella document; establishing standard reporting
formats for project updates produced by project managers, including
QPRs; implementing new project management software packages,
including those for EVM analysis; and better integrating its project and
contract management activities. EM has developed a set of implementing
steps and a summary of expected benefits for each priority action.
According to EM, 10 of the priority actions are being implemented in fiscal
year 2008, and 5 of those are scheduled to be completed by the end of that
fiscal year. It appears that execution of the priority actions would create
new tools and potentially enhance existing ones in EM’s effort to improve
its cleanup projects’ performance. According to EM, full implementation
of the priority actions will address many EM project management
problems and deficiencies. However, since the actions are still being
implemented, it is too soon to determine their effectiveness.

In addition, EM officials acknowledged that the actions they are
implementing to improve the management of EM’s overall cleanup efforts,
including their Best-in-Class initiative and actions being taken in response
to the 2007 National Academy of Public Administration report have not
been formally documented into a specific, corrective action plan that
includes performance metrics and completion milestones. These officials
agreed that such a comprehensive plan would demonstrate a more
integrated and transparent commitment to improving the management of
EM'’s cleanup projects.
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Conclusions

Recommendations for
Executive Action

Cleaning up the nuclear weapons complex is a technically challenging and
risky business. Even as DOE works to gain control of and better manage
its major nuclear waste cleanup projects, cost increases and project delays
continue to mount. Specifically, life cycle costs for EM’s major cleanup
projects have increased by cumulative $25 billion over the past few years
and schedules have been extended by a combined total of more than 75
years, primarily because DOE had to adjust the optimistic baselines it
created to accommodate the realities it has encountered at its cleanup
projects.

Given the cost and complexity of the major nuclear cleanup projects, it is
critically important that DOE fully use the tools it has developed—
independent reviews, performance information systems, guidance, and
performance goals—to better ensure that projects stay within established
parameters for scope of work, costs, and schedule. Independent baseline
reviews to ensure that the work promised can be completed on time and
for the estimated cost appear to be a useful planning tool, but the
significant changes that have occurred within years or even months of the
baseline reviews and validations indicate that implementation of these
reviews has fallen short. Furthermore, EM’s site proposals for changes to
cost and schedule baselines, quarterly performance reports, earned value
data analysis and reports, and reports to Congress do not consistently
provide accurate and comprehensive information on the status of projects,
which undermines managers’ and Congress’s ability to effectively oversee
projects and make timely decisions, such as targeting resources to
particular projects or renegotiating cleanup milestones and other contract
conditions. These problems are compounded by the lack of
comprehensive and clear guidance for DOE project managers so that they
consistently implement DOE management policies across the projects and
EM’s recently relaxed performance goals establishing the acceptable
baseline change parameters for major cleanup projects. Although DOE has
identified a number of improvements it intends to make to its project
management approach, it is still in the early stages of implementing these
improvements, making it too soon to assess the effort’s full effect, and it
has not yet formally documented all the improvements in a comprehensive
corrective action plan.

So that DOE can better manage its major cleanup projects and more fully
inform Congress on the status of these projects, we recommend that the
Secretary of Energy direct the Assistant Secretary for Environmental
Management to take the following five actions:
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Include in its budget request to Congress life cycle baseline cost estimate
information for each cleanup project, including prior year costs, estimated
near-term costs, and estimated out-year costs.

Develop an approach to regularly inform Congress of progress and
significant changes in order to improve EM’s accountability for managing
the near-term baseline and tracking life cycle costs. Similar to the
Department of Defense’s Selected Acquisition Reports, which include
annual information on full life cycle program costs, among other things,
EM'’s report, at a minimum should compare estimated near-term and life
cycle scope, cost, and schedules with the original and subsequently
updated baselines, and provide a summary analysis of root causes for any
significant baseline changes.

Expand the content of EM performance reports to describe the
implications of current performance for the project’s overall life cycle
baseline, including the near-term baseline cost and out-year cost estimate,
using, when appropriate, valid earned value data that conform to industry
standards and GAO-identified best practices.

Consolidate, clarify, and update its guidance for managing cleanup
projects to reflect (1) current policy regarding independent baseline
reviews and (2) the results of DOE’s determination of the appropriate
means for calculating and budgeting for contingency so that project
managers can consistently apply it across nuclear waste cleanup sites.

Consolidate all planned and ongoing program improvements, including
those stemming from the Secretary’s contract and project management
root cause analysis corrective action plan, the Best-in-Class initiative, and
the 2007 National Academy of Public Administration report, into a
comprehensive corrective action plan that includes performance metrics
and completion milestones.

Because independent baseline reviews have not always provided
reasonable assurance of the stability of projects’ near-term baselines or
the reasonableness of the life cycle baselines, we recommend that the
Secretary of Energy direct the Director of the Office of Management to
take the following action:

Assess the Office of Engineering and Construction Management’s current
approach and process for conducting baseline reviews of EM cleanup
projects to identify and implement improvements that will better provide
reasonable assurance that project work scope can be completed within
the baselines’ stated cost and schedule. Consider including in the
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and Our Evaluation

assessment process an analysis of past lessons learned and reasons for
baseline changes, and an assessment of project affordability when
conducting baseline reviews.

We provided a draft of this report to DOE for its review and comment.
DOE agreed with our recommendations but provided some suggested
changes to them, which we incorporated as appropriate.

In addition, DOE provided some specific comments on our draft report.
First, DOE stated that the report should provide a more balanced and
accurate portrayal of EM’s cleanup projects by including descriptions of
ongoing initiatives, a number of which EM launched in recognition of the
need for improvement, as well as providing better context of the
challenges and constraints the department’s cleanup program faces. The
draft report included a brief description of EM’s ongoing initiatives,
including its Best-in-Class effort, and acknowledged many of the key
challenges DOE faces while illustrating the factors contributing to changes
in scope, cost, and schedule for its cleanup projects. We also
acknowledged DOE’s ongoing initiatives and progress in a 2007 report on
project management.” In addition, DOE cited its successes in the cleanup
of Rocky Flats and Fernald as evidence of its project management
accomplishments. We commend DOE on its past performance in
successfully cleaning up these sites, which has resulted in some lessons
learned that DOE can apply to other cleanup efforts, as we reported in
2006.” Nevertheless, we found in this review that DOE has not always
effectively used its management tools to help oversee the scopes of work,
costs, and schedules for its present major cleanup projects.

Second, DOE stated that our draft report appears to confuse the term
“baseline.” It noted that there is only one project baseline—the near-term
baseline approved by EM senior management—for which DOE should be
held accountable. Our use of the term “baseline” in this report conforms to
EM’s guidance documents indicating a project’s “lifecycle baseline” is
composed of its prior year, near-term, and out-year costs. In addition, we
disagree with DOE’s assertion that it should be held accountable only for a
project’s near-term baseline. As we state in this report, since projects
encountering problems have tended to manage those problems by moving
work scope into the out years, the effects of problems occurring today

BGA0-07-518.

39GA0, Nuclear Cleanup of Rocky Flats: DOE Can Use Lessons Learned to Improve
Oversight of Other Sites’ Cleanup Activities, GAO-06-352 (Washington, D.C.: July 10,
2006).
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show up as increases to out-year cost and schedule estimates and not as
increases or delays in a near-term baseline. Therefore, if DOE’s
performance is measured solely on the basis of the near-term baseline,
potentially significant cost and schedule increases would not be accounted
for or transparent.

Third, DOE stated that one of our recommendations—to consolidate,
clarify, and update its guidance for managing cleanup projects to reflect
the results of DOE’s determination of the appropriate means for
calculating and budgeting for project contingency—could be more
specific, and it outlined three contingency options. These options include
(1) increasing the amount of contingency funding for cleanup projects to
an 80 percent confidence level, the level budgeted for construction
projects; (2) creating a general contingency fund available for project
managers at DOE headquarters to dispense as needed to manage project
risks; and (3) continuing with the current approach of not including
contingency funding for cleanup projects in its budget requests—funding
cleanup projects at the 50 percent confidence level—and changing its
recently established performance goal. We recognize that managing
project contingency is an important issue, and in fact note in our report
that DOE’s current approach is a likely contributing factor to cost
increases and schedule delays for EM’s major cleanup projects. While we
did not specifically assess these three options in our report, DOE should
continue to study the lessons learned from managing and budgeting
contingency and select the option that would provide contingency funds in
an expedient manner to better mitigate the impacts of cleanup project
changes while minimizing the amount of unused contingency funding left
over at the end of the fiscal year.

Finally, as part of the explanation of its third option for funding project
contingency, DOE stated that GAO has agreed to its recently established
performance goal—to accomplish at least 80 percent of the scope of work
in the near-term baselines with less than a 25 percent cost increase. GAO
has not agreed to this goal. As we state in this report, we are concerned
with DOE’s new goal given that it is lower than the previous goal for
cleanup projects and that DOE may inadvertently be creating an
environment in which large increases to project costs become not only
more common, but accepted and tolerated.

DOE also provided detailed technical comments, which we have
incorporated into our report as appropriate. DOE’s comments are
reproduced in appendix IV.

We are sending copies of the report to interested congressional
committees, the Secretary of Energy, and the Director of the Office of
Management and Budget. We will make copies available to others on
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request. In addition, the report will also be available at no charge on the
GAO web site at http://www.gao.gov.

If you or your staffs have any questions about this report, please contact me
at (202) 512-3841 or aloisee@gao.gov. Contact points for our Offices of
Congressional Relations and Public Affairs may be found on the last page of
this report. Other staff contributing to the report are listed in appendix V.

%w%éw

Gene Aloise
Director, Natural Resources
and Environment
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Appendix I: Scope and Methodology

To determine the extent to which the cost, schedule, and scope baseline
estimates for the Department of Energy (DOE) Office of Environmental
Management’s (EM) cleanup projects have changed and the key reasons
for these changes, we identified 10 major cleanup projects at 5 DOE sites.
We first identified 9 major cleanup projects with current near-term cost
estimates (usually a 5-year period) above $1 billion, the DOE threshold for
major cleanup projects. In addition, to include those projects that could
potentially become major projects because of cost growth, we reduced the
threshold to $900 million and identified another project, the Richland
nuclear material stabilization and disposition project, which is estimated
to cost between $900 million and $1 billion over the near term. We focused
on these 10 major cleanup projects because of their significant cost—
combined estimated near-term costs of about $19 billion and combined life
cycle costs estimated at more than $100 billion—and because they account
for almost half of EM’s $5.5 billion fiscal year 2009 budget request. (See
app. II for information on these projects.)

To identify the factors that may hinder DOE’s ability to effectively manage
these cleanup projects, we spoke with DOE project directors and
contractor officials and reviewed project management documents for the
10 major cleanup projects we had identified. We conducted site visits to
Idaho National Laboratory, Los Alamos National Laboratory, Oak Ridge
Reservation, Savannah River, and Hanford, and analyzed project
documentation—contracts, policy directives and memoranda, project
management plans, DOE’s Office of Inspector General reports,
independent reviews, project execution plans, risk management plans,
quarterly project reviews, monthly project status reports, earned value
management (EVM) surveillance plans, and project control documents
prepared to guide and control formal changes to the baselines. For our
analysis of projects’ scope, cost, and schedule data, we examined the
initial baselines reported as of the most recent contract award or major
contract modification (which occurred between 2004 and 2007) and
compared these baselines with the updated baselines at the time of our
review. Initial cost baselines are the estimated life cycle costs at the
beginning of the new contract period for operation of the DOE site or
associated projects or the major contract modification or extension, which
typically coincided with the beginning of the projects’ current or previous
near-term baseline. We also calculated the percentages of cost increases
on the basis of constant 2008 dollars to make them comparable across
projects and to show real increases in cost while excluding increases due
to inflation. In addition, because EM now is reporting its life cycle cost and
schedule estimates as ranges, we included these ranges in the report.
However, because the upper ends of these ranges include unfunded
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contingency and EM does not include funding in its budget requests for
this contingency, we report cost increases and schedule delays based on
the lower ends of the ranges.

We also analyzed contractor performance data to determine whether DOE
major cleanup projects are consistently developing and analyzing accurate
earned value data according to industry standards and best practices. We
gathered and analyzed data produced by the EVM system used for one
project at each of the following sites: Idaho National Laboratory, Los
Alamos National Laboratory, and Hanford.' Often, EVM systems differ
depending on how the contractor chooses to implement the EVM
approach. Because of these differences, we gathered and analyzed
information on each EVM system on a case-by-case basis, according to the
structure, reporting format, content, and level of detail, among other
things, unique to each EVM system. We also considered the best practices
developed by GAO for estimating and managing project costs to analyze
the contractor EVM data.

In addition, we spoke with DOE officials from EM and the Office of
Engineering and Construction Management in Washington, D.C., and with
representatives from LMI Government Consulting, which conducts
external independent reviews of the projects for DOE, to obtain their
perspective on how these projects are managed.

Because we and others previously have expressed concern about the data
reliability of a key DOE project management tracking database—the
Project Assessment and Reporting System—we did not develop
conclusions or findings based on information generated through that
system.” Instead, we collected information directly from project site
offices and the contractors.

'We did not analyze the EVM data for the Oak Ridge or Savannah River projects.

2GAO, Cost Assessment Guide: Best Practices for Estimating and Managing Program
Costs, GAO-07-1134SP (Washington D.C.: July 2007).

®GAO, Department of Energy: Further Actions Are Needed to Strengthen Contract
Management of Major Projects, GAO-05-123 (Washington, D.C: Mar. 18, 2005); and Civil
Engineering Research Foundation, Independent Research Assessment of Project
Management Factors Affecting Department of Enerqgy Project Success (Washington, D.C.:
July 12, 2004).
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Appendix I: Scope and Methodology

We provided an interim briefing to the Subcommittee on Energy and Water
Development, House Committee on Appropriations, on the status of our
work on April 3, 2008.

We conducted this performance audit from March 2007 to September 2008
in accordance with generally accepted government auditing standards.
Those standards require that we plan and perform the audit to obtain
sufficient, appropriate evidence to provide a reasonable basis for our
findings and conclusions based on our audit objectives. We believe that
the evidence obtained provides a reasonable basis for our findings and
conclusions based on our audit objectives.

Page 47 GAO-08-1081 Nuclear Waste



Appendix II: Information on the 10
Department of Energy Major Cleanup
Projects Reviewed

Project

Project purpose and objective

Solid Waste Stabilization and Disposition,
Idaho National Laboratory, Idaho (PBS
13)

This project will characterize, treat, and ship approximately 64,000 cubic meters of
transuranic waste that will ultimately be stored in the Waste Isolation Pilot Plant in New
Mexico. Transuranic waste is radioactive waste containing more than 100 nanocuries of
alpha-emitting transuranic isotopes per gram of waste with half-lives greater than 20
years, except for high-level radioactive waste. The transuranic waste that must be handled
remotely through protective shielding, because it emits penetrating radiation, will be
treated at the Radioactive Waste Management Complex. The project also will treat and
dispose of a mixed low-level waste backlog and handle on-site low-level waste for
disposal at the complex.

Nuclear Facility Decontamination and
Decommissioning, Oak Ridge
Reservation Tennessee (PBS 40)

The project will decontaminate and decommission approximately 500 facilities and
remediate 160 sites in the East Tennessee Technology Park. This project includes the
park’s two major buildings—the K-25 and K-27 gaseous process buildings—and requires
the contractor to remove processing equipment and excess materials stored in the
buildings, demolish building structures, and dispose of all associated wastes.

Nuclear Material Stabilization and
Disposition, Savannah River Site, South
Carolina (PBS 11)

The project will stabilize and dispose of enriched uranium materials and current and
projected inventories of aluminum-clad spent nuclear fuel in H-Area facilities. It also will
stabilize and dispose of highly enriched uranium solutions, miscellaneous fuels, plutonium
residues, enriched uranium residues, and other materials DOE identifies that remain from
the production of nuclear weapons. The project also will deactivate F-Area and H-Area
facilities; and dispose of special nuclear materials in the K-Area Complex.

Radioactive Liquid Tank Waste
Stabilization and Disposition, Savannah
River Site, South Carolina (PBS 14C)

The project will remove, treat, and dispose of 49 underground storage tanks holding a
total of 37 million gallons of highly contaminated legacy waste This effort includes
pretreating radioactive waste such as sludge and salt waste, vitrifying sludge and high-
level waste at the Savannah River Site’'s Defense Waste Processing Facility, and treating
and disposing of low-level saltstone waste.

Soil and Water Remediation, Los Alamos
National Laboratory, New Mexico

(PBS 30)

The project will identify, investigate, and remediate, when necessary, areas with known or
suspected chemical and radiological contamination attributable to past Laboratory
operations. It will investigate and clean up (as needed) approximately 860 solid waste
management units and areas of concern remaining from the original 2,129 sites spread
over approximately 39 square miles. The protection of surface water and groundwater
resources that may be impacted by these management units and past Laboratory
operations also are within the scope of this project.

Nuclear Material Stabilization and
Disposition, Hanford, Washington (PBS
11)

The project will stabilize, package, and ship (to the Savannah River Site) nuclear materials
and fuels used for the production of plutonium nitrates, oxides, and metal from 1950
through 1989 and now stored primarily in vaults in several facilities. The project will then
clean and demolish the facilities.

Solid Waste Stabilization and Disposition,
Hanford, Washington (PBS 13C)

The project will treat and store spent nuclear fuel, transuranic waste, mixed low-level
waste, and low-level waste generated at the Hanford site and other DOE and Department
of Defense facilities. It eventually will transfer and ship spent nuclear fuel elements and
1,936 cesium and strontium capsules to the proposed geologic repository in Nevada. The
project also will operate, among other things, the (1) Waste Receiving and Processing
Facility to process transuranic waste and low-level waste and (2) Central Waste Complex
to store low-level and mixed-low-level waste and transuranic waste pending final
disposition.
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the 10 Department of Energy
Major Cleanup Projects
Reviewed

Project

Project purpose and objective

Soil and Water Remediation, Hanford,
Washington (PBS 30)

The project will remediate contaminated groundwater. This effort involves characterizing
the movement of radionuclides and chemicals (carbon tetrachloride, chromium,
technetium-99, strontium, and uranium plumes); assessing the soil and groundwater
characterization results; groundwater and risk assessment modeling; and operation of
groundwater remediation systems among other related actions.

Nuclear Facility Decontamination and
Decommissioning at River Corridor
Closure Project, Hanford, Washington
(PBS 41)

Also known as the River Corridor Closure Project, this project will remediate 761
contaminated waste sites at the Hanford site near Richland, Washington, and
decontaminate, decommission and demolish 379 surplus facilities that are adjacent to the
Columbia River. This project also will dispose of material in the Environmental Restoration
Disposal Facility.

Radioactive Liquid Tank Waste
Stabilization and Disposition, Office of
River Protection, Hanford, Washington
(PBS 14)

The project will retrieve, stabilize, treat, and dispose of 53 million gallons of radioactive
mixed waste stored in 177 underground tanks at the Hanford site. The project also
involves testing and implementing supplemental waste treatment methods; operating the
Waste Treatment Plant; providing interim storage of immobilized waste planned for
disposal in an offsite repository; receiving and disposing of immobilized low-activity waste
on-site in near-surface disposal facilities; and closing tanks and tank farm facilities.

Source: DOE and EM information.
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Appendix III: Current Life Cycle Baselines for
10 DOE Cleanup Projects

Dollars in millions (current year dollars)

Near term® Out years®
Prior Total life

years’ Completion  cycle cost
Project costs Cost Years Cost date range
Solid waste stabilization $1,398 $1,304 2006 — $530 — $900 2016 — 2020 $3,231 —
and disposition, Idaho 2012 $3,954
National Laboratory,
Idaho
Nuclear facility $1,546 $1,518 2008 — NA NA $3,064 —
decontamination and 2017 $3,244
decommissioning, Oak
Ridge Reservation,
Tennessee
Nuclear material $3,631 $2,468 2008 — $3,728 — $4,358 2024 — 2025 $9,827 —
stabilization and 2014 $10,457
disposition, Savannah
River Site, South Carolina
Radioactive liquid tank $4,746 $4,394 2008 - $11,856 — $20,347 2032 - 2034 $20,996 —
waste stabilization and 2014 $29,488
disposition, Savannah
River Site, South Carolina
Soil and water $579 $1,051 2007 — NA NA $1,630 —
remediation, Los Alamos 2015 $2,489
National Laboratory, New
Mexico
Nuclear material $1281 $1,143 2008 — $1,030 — $1,060 2018 — 2019 $3,453 —
stabilization and 2013 $3,490
disposition, Hanford site,
Washington
Solid waste stabilization $1,163 $918 2008 — $11,200 — $12,500 2050 — 2058 $13,281 -
and disposition, Hanford 2013 $14,594
site, Washington
Soil and water $532 $1.128 2008 — $6,400 — $6,600 2050 — 2059 $8,059 —
remediation, Hanford site, 2013 $8,276
Washington
Nuclear facility $1,000 $3,751 2005 - NA NA $4,751 —
decontamination and 2019 $4,910
decommissioning at River
Corridor, Hanford site,
Washington
Radioactive liquid tank $3,474 $2,330 2007 — $38,414 — 5$6,227 2042 - 2050 $44,218 —
waste stabilization and 2012 $62,155

disposition, Hanford site,
Washington

Source: Office of Environmental Management.
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Appendix III: Current Life Cycle Baselines for
10 DOE Cleanup Projects

*Near-term costs represent DOE’s estimated costs based on a 50 percent level of confidence, defined
as the amount of funding needed to provide a 50 percent likelihood that the project will be completed
successfully.

*Out-year values represent DOE’s estimated cost and schedule ranges—the cost range covers the
full out-year period, while the schedule range represents the time during which the project is
estimated to be completed. Costs and schedules at the lower end of the ranges were estimated at the
50 percent level of confidence, while costs and schedules at the upper end of the ranges represent
the 80 percent level of confidence.
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Appendix IV: Comments from the
Department of Energy

Department of Energy
Washington, DC 20585

September 19, 2008

Mr. Gene Aloise

Director of Natural Resources and Environmental
U.S. Government Accountability Office

441 G Street NW

Washington, D.C. 20548

Dear Mr. Aloise:

Thank you for the opportunity to review the draft report on accountability and
management of the Department’s major cleanup projects managed by the
Department of Energy’s Office of Environmental Management (EM). We are in
agreement with the recommendations you have provided, with some suggested
changes, and look forward to reporting in the future on the progress being made.
Detailed comments to the draft report are enclosed. Major comments are
summarized below.

We believe the report should provide a more balanced and accurate portrayal of
EM’s cleanup projects by including descriptions of ongoing initiatives and
actions, a number of which were launched by EM in recognition of the need for
improvement. Additionally, the report should provide better context of the
incredible challenges and constraints the Department’s cleanup program faces and
the difficulties associated with accurate predictions of project cost and schedule
for the EM cleanup projects.

For instance, the Government Accountability Office’s (GAO) conclusion in 2001
(GAO-01-284, Nuclear Cleanup: Progress Made at Rocky Flats, but Closure by
2006 Is Unlikely, and Costs May Increase) states that “Kaiser-Hill and DOE are
unlikely to meet the December 2006 target closure date” for Rocky Flats and yet
this closure date was indeed met by DOE and the Rocky Flats cleanup contractor
Kaiser-Hill. As recommended by the GAO in 2006 (GAO-06-352, Nuclear
Cleanup of Rocky Flats: DOE Can Use Lessons Learned to Improve Oversight of
Other Sites' Cleanup Activities), EM used the lessons learmned from Rocky Flats
for other cleanup efforts across the complex to accomplish extremely successful
cleanups. We won the Project Management Institute award for our prowess in
project management in 2006 and 2007 for the Rocky Flats and Fernald cleanup
projects, respectively.

There appears to be some confusion over the term “baseline”. There is only one
project baseline, the near-term baseline that has Critical Decision-2 approval by
the Acquisition Executive, for which DOE should be held accountable. The

m Prined with soy ink on recyeled paper
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Decision-1 type range) which is expected to change, often by significant amounts.
For this very reason, DOE no longer expresses lifecycle information on cleanup
projects as a point estimate.

Finally, the issue of how we fund and manage project contingency is critical to our
long-term success and our ability to mitigate impacts of these changes. We
recognize full well that we cannot continue to extend schedules and increase costs
every time risks that have been identified and anticipated in advance occur. Your
fourth recommendation, with regard to contingency, could be more specific.

There are three primary or bounding contingency options as we see it, discussed
further in the attachment:

1. Fund operating cleanup project contingency at 80% confidence level
instead of the current 50%.

If provided over and above current target levels, approximately $500
million (M) to $700M additional funding annually would be required.
However, if risks did not materialize during the budget year, there would
be higher uncosted year-end carryover. However, to plan for this level of
contingency without additional funding would require deferral of lower
priority project scope. To compensate, EM would need to renegotiate
compliance milestones or possibly subject the federal government to fines,
penalties, and lawsuits; renegotiate and possibly terminate contracts, thus
affecting employment; and reprioritize its projects.

2. Request appropriation of a smaller general contingency fund.

The fund (perhaps $100M to $200M annually) would be held, managed,
and distributed by the Assistant Secretary for Environmental Management.
This option would allow more flexibility and expediency in applying funds
where they are needed as risks are realized, and would allow for multi-year
business case decision-making. However, controls would need to be put
in place on EM’s allocation authority during execution so as not to usurp
Congressional authority in appropriations.

3. Continue the current approach of funding 50% confidence levels and
changing the corporate metric for the EM cleanup projects agreed to
by DOE, the Office of Management and Budget (OMB), and GAO.

This approach budgets for contingency at a 50% confidence level for
cleanup projects. When risks not covered at this level materialize, work
scope is shifted to the outyears when funds can be requested in light of
overall program priorities. A 50% confidence level across the EM
portfolio connotes that based on statistical analysis half the projects would
be expected to be completed within the cost and schedule and half would
not. Thus, this current approach appears to be inconsistent with achieving
success in the corporate metric that DOE has agreed to with GAO and
OMB for cleanup projects (established through DOE’s Root Cause
Analysis Corrective Action Plan, July 18, 2008). The metric requires that
90% of the projects in EM’s portfolio at the end of the approved near-term
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baseline period have 80% of the scope completed within 25% of the
original cost.

Any GAO recommendations regarding new strategies are welcomed, given the
regulatory-driven nature and complexity of this work, the sensitivity of life-cycle
costs to relatively small slippages in scope (due to large “hotel” costs), and the
need to deliver on commitments made to our regulators, the Congress, and other
stakeholders.

Again, thank you for your assistance as we seek to improve our management of
cleanup projects. We welcome direct dialogue with you on these issues prior to
finalizing your report. We would also appreciate you including the attached
comments in the final report. If you have any questions with regard to these
comments, please contact me on (202)586-7709, Jack Surash on (202) 586-6382,
or Paul Bosco on (202) 586-3524

Sincerely,

ames A. Rispoll
Assistant Secretary for
Environmental Management

Enclosure

cc: L Triay, EM-2
J. Owendoff, EM-3
J. E. Surash, EM-50
M. Sykes, EM-30
I. Kolb, MA-1
P. Bosco, MA-50
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Highlights of GAO-08-1081, a report to the
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Development, Committee on
Appropriations, House of Representatives

Why GAO Did This Study

The Department of Energy (DOE)
spends billions of dollars annually
to clean up nuclear wastes at sites
that produced nuclear weapons.
Cleanup projects decontaminate
and demolish buildings, remove
and dispose of contaminated soil,
treat contaminated groundwater,
and stabilize and dispose of solid
and liquid radioactive wastes. Ten
of these projects meet or nearly
meet DOE’s definition of major:
costs exceeding $1 billion in the
near term—usually a 5-year
window of the project’s total
estimated life cycle.

GAO was asked to determine the
(1) extent to which the cost and
schedule for DOE’s major cleanup
projects have changed and key
reasons for changes, and (2)
factors that may hinder DOE’s
ability to effectively manage these
projects. GAO met with project
directors and reviewed project
documents for 10 major cleanup
projects: 9 above the near-term $1
billion threshold, and 1 estimated
to cost between $900 million and $1
billion over the near term.

What GAO Recommends

GAO is making a number of
recommendations, such as
expanding the content of
performance reports provided to
DOE senior managers and
information provided to Congress to
better reflect current status of near-
term and life cycle baseline cost and
schedules and reasons for significant
changes; and strengthening DOE
guidance and baseline reviews,
among other things. In commenting
on a draft of this report, DOE agreed
with GAO’s recommendations.

To view the full product, including the scope
and methodology, click on GAO-08-1081.
For more information, contact Gene Aloise at
(202) 512-3841 or aloisee @gao.gov.

NUCLEAR WASTE

Action Needed to Improve Accountability and
Management of DOE's Major Cleanup Projects

What GAO Found

Nine of the 10 cleanup projects GAO reviewed had life cycle baseline cost
increases, from a low of $139 million for one project to a high of nearly $9
billion for another, and life cycle baseline schedule delays from 2 to 15 years.
These changes occurred primarily because the baselines we reviewed
included schedule assumptions that were not linked to technical or budget
realities, and the scope of work included other assumptions that did not prove
true. Specifically, the schedules for 8 of the 10 projects were established in
response to DOE’s 2002 effort to complete cleanup work, which in some cases
moved up project completion dates by 15 years or more. For example, to
meet the 2012 accelerated completion date for its solid waste disposition
project, DOE’s Idaho National Laboratory assumed it would process waste at
a rate that was more than 50 percent higher than the rate demonstrated at the
time it established the baseline. When the laboratory could not meet that
processing rate, DOE revised its baseline, adding 4 years and about $450
million to the project. Also, most of the 10 projects had cost increases and
schedule delays because the previous baselines (1) had not fully foreseen the
type and extent of cleanup needed, (2) assumed that construction projects
needed to carry out the cleanup work would be completed on time, or (3) had
not expected substantial additional work scope.

DOE has not effectively used management tools—including independent
project baseline reviews, performance information systems, guidance, and
performance goals—to help oversee major cleanup projects’ scope of work,
costs, and schedule. For example, DOE’s independent reviews meant to
provide reasonable assurance that a project’s work can be completed within
the baseline’s stated cost and schedule, have not done so for 4 of 10 projects.
For one project, the baseline was significantly modified as little as 7 months
after it had been revised and validated by the independent review, while other
projects have experienced life cycle cost increases of as much as $9 billion
and delays of up to 10 years, within 1 to 2 years after these reviews. In
addition, although DOE uses several types of reporting methods for
overseeing cleanup projects, these methods do not always provide managers
with the information needed to effectively oversee the projects or keep
Congress informed on the projects’ status. For example, sites’ proposals for
changes to projects’ cost and schedule baselines do not always identify
possible root causes, and DOE does not systematically analyze the proposals
for common problems across its projects. Therefore, DOE may be missing
opportunities to improve management across projects. In addition, guidance
for key management and oversight functions are spread across many different
types of documents and are unclear and contradictory. As a result, project
managers do not consistently implement this guidance, which may lead, for
example, to problems in effectively managing risks across projects. Finally,
DOE recently changed its goals for “successful” cleanup projects, reducing the
amount of work and raising the allowable cost increases against the near-term
baseline. DOE has initiated several actions to improve project management,
but it is too early to determine whether these efforts will be effective.
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The Department of Energy (DOE) spends billions of dollars annually to
clean up nuclear wastes at sites across the nation that produced nuclear
weapons. Cleanup projects decontaminate and demolish buildings, remove
and dispose of contaminated soil, treat contaminated groundwater, and
stabilize and dispose of solid and liquid radioactive wastes, among other
things. DOE’s Office of Environmental Management (EM) currently
oversees more than 80 of these cleanup projects, primarily at government-
owned, contractor-operated sites throughout the nation. Some of these
highly complex projects have completion dates beyond 2050. Ten of these
projects meet or nearly meet DOE’s definition of “major”: projects whose
costs exceed $1 billion in the near-term—usually a 5-year window of the
project’s total estimated life cycle.',” These 10 projects have combined
estimated near-term costs of almost $19 billion and combined life cycle
costs estimated to range between $115 billion and $143 billion, and they
account for almost half of EM’s $5.5 billion fiscal year 2009 budget
request.” These 10 projects are described in detail in appendix II and
include the remediation, decontamination, and decommissioning, or the
stabilization and disposition of:

'For this review, we lowered the threshold to $900 million out of concern that some
projects not now considered major would become major because of increases in costs,
which resulted in the addition of one project to our review (the solid waste stabilization
and disposition project at the Hanford Site, near Richland, Washington).

*We did not review one major project still in the early stages of development (the nuclear
facility decontamination and decommissioning project in Portsmouth, Ohio).

*DOE defines life cycle costs as the sum total cost of the direct, indirect, and other related
costs incurred or estimated to be incurred in the design, development, production,
operation, maintenance, support, and final disposition of a major system over its
anticipated useful life span.
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solid waste at Idaho National Laboratory, Idaho;

nuclear facilities at the East Tennessee Technology Park, Oak Ridge
Reservation, Tennessee;

nuclear materials at the Savannah River Site, South Carolina;
radioactive liquid tank waste at the Savannah River Site, South Carolina;
soil and water at Los Alamos National Laboratory, New Mexico;

nuclear materials at the Hanford Site, Washington;

solid waste at the Hanford Site, Washington;

soil and water at the Hanford Site, Washington;

nuclear facilities at the River Corridor Closure Project, Hanford Site,
Washington; and

radioactive liquid tank waste at the Office of River Protection, Hanford
Site, Washington.*

DOE established Order 413 in 2000 to provide project management
guidance for construction projects—projects that build large complexes
often housing unique equipment and technologies that process waste or
other radioactive material—and nuclear waste cleanup projects.’,’ In 2005
and 2007, EM, in conjunction with DOE’s Office of Engineering and
Construction Management (OECM), issued further guidance to better
tailor the order’s requirements to the cleanup projects. This guidance lays
out protocols directing DOE project managers to establish a life cycle

*Hanford’s radioactive liquid tank waste stabilization and disposition project is
administered by the Office of River Protection, while the other four major cleanup projects
at Hanford are administered by DOE’s Richland office.

*Order 413.3 was issued in 2000 and amended in 2006, and is now referred to as 413.3A. For
this report, we use DOE Order 413 to refer to the order in effect, unless otherwise
specified.

We have reported on DOE’s management of these construction projects. See GAO,
Department of Energy: Major Construction Projects Need a Consistent Approach for
Assessing Technology Readiness to Help Avoid Cost Increases and Delays, GAO-07-336
(Washington, D.C.: Mar. 27, 2007).
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baseline for cleanup projects that includes three key parts: (1) prior year
actual costs; (2) a near-term estimate of the scope of the cleanup work
(the cleanup activities needed to achieve project goals), cost, and schedule
of the cleanup activities (the near-term is generally for 5 years, or the
duration of the contract, whichever is longer); and (3) out-year estimates
through project completion for those projects that extend beyond the near
term.” The near-term and out-year estimates also identify the amount of
contingency monies that could be needed to cover potential project risks.*

Major cleanup projects take years to complete, and often involve unique
challenges and a high degree of complexity; therefore, it is critically
important that EM develop and implement a rigorous, disciplined
approach for developing and managing the baselines. Such an approach
includes planning and managing work activities, cost, and schedule to
achieve project goals in a stable, controlled manner over the near term and
the entire life of the project. DOE has taken several steps to establish such
an approach, including the following:

EM must formally approve changes to the near-term and life cycle
baseline.

Project managers must provide formal and informal reports to DOE
headquarters staff, including data entries into databases and quarterly
performance reports. These reports contain, among other things, earned
value management (EVM) data—a measure of progress against a cost and
schedule baseline. Widely used in industry, earned value data makes it
possible for managers and others to determine how a project has been
performing and to predict future performance trends. Furthermore, both
the Office of Management and Budget (OMB) and DOE Order 413 require

Tn previous years, DOE presented out-year estimates as a single point estimate based on
the most probable cost and schedule of its projects. In 2007, DOE developed out-year
estimates with cost and schedule ranges to account for the uncertainty associated with
long-term projects. The low end of the range is based on the amount of funding needed
with a 50 percent level of confidence that the project will be successfully completed, while
the high end of the range is based on an 80 percent level of confidence. As discussed
elsewhere in this report, DOE does not fund its contingency accounts for these projects.

8Contingency funds are funds that may be needed to cover potential cost increases
stemming from a variety of project risks, including technical complexities, regulatory
issues, and funding shortfalls.
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the use of EVM data, and GAO has developed best practices on how to use
the data.’

As stipulated in DOE Order 413, OECM must independently review project
baselines at critical project stages; OECM conducts these reviews largely
with the help of external technical experts. Specifically, for cleanup
projects that cost $100 million or more, OECM must review a project’s
proposed baseline to provide reasonable assurance that the project can be
successfully executed. OECM also examines technical scope, cost,
schedule, and avoidance and mitigation plans for possible cost and
schedule overruns, as well as proposed project management.

Overall, we and others have reported over the past two decades that
project management weaknesses have impaired DOE’s major projects. In
1990, we designated DOE’s contract management (which includes project
management) as a high-risk area for fraud, waste, abuse, and
mismanagement. In addition, in 1999, the National Academies’ National
Research Council developed recommendations to address weaknesses in
DOE’s project management. Recently, in 2007, we reported that DOE had
improved its approach to project management but that performance on
DOE’s projects had not substantially improved." Also in 2007, the National
Academy of Public Administration reported specifically on EM’s
management of nuclear waste and complimented EM on its improvements
in project management, but also raised questions about EM’s ability to
follow through on them. Furthermore, reviews by DOE’s Office of
Inspector General, the Department of Defense’s Army Corps of Engineers
(Army Corps), and the National Research Council, among others, have
advised DOE on how to better manage its major projects.

In this context, you asked us to determine the (1) extent to which the cost
and schedule for DOE’s major cleanup projects have changed and the key

reasons for these changes, and (2) factors that may hinder DOE’s ability to
effectively manage these cleanup projects.

To determine the extent to which DOE cleanup projects are experiencing
cost or schedule changes and key reasons contributing to these changes,

9GAO, Cost Assessment Guide: Best Practices for Estimating and Managing Program
Costs, GAO-07-1134SP (Washington D.C.: July 2007).

YGAO, Department of Energy: Consistent Application of Requirements Needed to
Improve Project Management, GAO-07-518 (Washington, D.C.: May 11, 2007).
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Results in Brief

we spoke with DOE project directors and reviewed project management
documents for 10 of EM’s major cleanup projects—9 projects above the
near-term $1 billion threshold, and 1 estimated to cost between $900
million and $1 billion over the near term. For our analysis, we examined
the life cycle baseline reported as of the most recent contract awards or
major contract modifications—which occurred between 2004 and 2007—
and compared these baselines with the updated baselines at the time of
our review (dollar amounts used in calculating cost increases are in fiscal
year constant 2008 dollars). We conducted site visits and analyzed project
documentation, such as project plans, independent reviews, contractor
performance data, plans to avoid or mitigate project risks, and documents
prepared to guide and control formal changes to the baseline. We also
identified factors that may hinder DOE’s ability to effectively manage
projects in accordance with approved life cycle baselines primarily
through a review of project documents and interviews with project
officials. Because we and others have previously expressed concern about
the data reliability of a key DOE project management tracking database—
the Project Assessment and Reporting System—we did not develop
conclusions or findings based on information generated through that
system." Instead, we collected information directly from project site
offices and contractors. In addition, we spoke with officials from EM and
OECM in Washington, D.C. We provided an interim briefing to the
Subcommittee on the status of our work on April 3, 2008.

We conducted this performance audit from March 2007 to September 2008
in accordance with generally accepted government auditing standards.
Those standards require that we plan and perform the audit to obtain
sufficient, appropriate evidence to provide a reasonable basis for our
findings and conclusions based on our audit objectives. We believe that
the evidence obtained provides a reasonable basis for our findings and
conclusions based on our audit objectives. Appendix I contains a detailed
description of our scope and methodology.

Nine of the 10 cleanup projects we reviewed have experienced cost
increases and schedule delays in their life cycle baseline, ranging from

"See, for example, GAO, Department of Energy: Further Actions Are Needed to
Strengthen Contract Management for Major Projects, GAO-05-123 (Mar. 18, 2005); and
Civil Engineering Research Foundation, Independent Research Assessment of Project
Management Factors Affecting Department of Enerqgy Project Success (Washington, D.C.,
July 12, 2004).
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$139 million for one project to more than $9 billion for another, and
schedule delays ranging from 2 years to 15 years. These changes arose
primarily because the initial baselines made schedule assumptions that
were not linked to technical or budget realities, and the scope of work
included other assumptions that did not prove true. Specifically:

Baselines were not linked to technical or funding realities. The
schedules for 8 of the 10 projects we reviewed were established in
response to EM’s 2002 effort to accelerate cleanup work, which in some
cases moved up project completion dates by 15 years or more. EM wanted
to complete cleanups earlier to better safeguard public health and the
environment, among other things. However, these dates were not always
tied to technical capabilities or likely funding realities. For example, to
meet the 2012 accelerated completion date for its solid waste disposition
project, DOE’s Idaho National Laboratory assumed its waste treatment
plant could process waste at a rate that was more than 50 percent higher
than the rate demonstrated at the time EM established the baseline. When
the waste treatment plant did not meet that processing rate, EM revised its
baseline, deferring 4 years of cleanup work, which added about $450
million to the project. In addition, before April 2007, according to several
EM officials, project managers were directed to establish cost baselines to
meet the accelerated schedules without considering likely funding for the
projects. As a result, most projects did not receive funding as planned for
in the baselines, hindering their ability to complete the work on time. In
April 2007, EM changed its strategy: It limited its funding for all sites and
directed that future baselines be based on the expected budget for each
site. In part because of this change, some completion dates were extended
by as much as 15 years.

Baselines’ scope of work included optimistic assumptions that did not
prove true. Most of the projects we reviewed also experienced cost
increases and schedule delays because the initial baselines had (1) not
fully anticipated the type and extent of cleanup that would be needed, (2)
assumed that construction projects needed to carry out the cleanup work
would be completed on time, or (3) assumed the scope of work activities
needed to finish the project would not increase. For example, at a 1940s-
era building being demolished at Oak Ridge as part of the nuclear facility
decontamination and decommissioning project, the contractor found that
the building was far more contaminated and deteriorated than first
estimated and had to reinforce the structure in order to safely remove
contaminated equipment before demolishing the building. Primarily
because these activities had not been adequately anticipated in the
baseline, project costs rose by $1.2 billion and completion was extended
by 9 years, to 2017. Similarly, the baselines for four of the major cleanup
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projects assumed that a related, major construction project would be
completed on schedule and available for the cleanup project to use. For
example, a 5-year delay in the completion of Hanford’s major construction
project—the Waste Treatment Plant (WTP)—was the most significant
factor behind extending the radioactive liquid tank waste project’s
schedule by 10 years, and increasing its life cycle costs by $4.8 billion. The
delay in WTP’s startup date resulted in additional years required to store
the waste in the tanks and then to operate the treatment plant.

DOE has not always effectively used management tools—including
independent project baseline reviews, performance information systems,
guidance, and performance goals—to help oversee major cleanup projects’
scope of work, costs, and schedule. Specifically:

DOE’s independent reviews of project baseline estimates, meant to, among
other things, provide reasonable assurance that a project’s work activities
can be accomplished within the baseline’s stated cost and schedule, have
not done so for 4 of the 10 projects we reviewed. The baselines for these 4
projects were significantly modified shortly after review, revision, and
validation. For one project, the baseline was significantly modified as little
as 7 months after it had been revised and validated based on the
independent review, while other projects had experienced additional life
cycle cost increases of as much as $9 billion and delays of up to 10 years,
within 1 to 2 years after the baseline reviews. As a result, the usefulness of
the independent baseline reviews is questionable when significant baseline
changes occur very shortly after the reviews are completed.

EM managers do not always receive the information needed to effectively
manage major cleanup projects or provide detailed reports to Congress on
the projects’ status. First, sites’ proposals for changes to cost and schedule
baselines do not consistently identify reasons for the changes or possible
root causes, and EM does not systematically analyze the proposals for
common problems across its projects. As a result, EM may be missing
opportunities to apply lessons learned across projects. Second, in certain
cases, the use of EVM data did not conform to industry standards or best
practices identified by GAO, in part because the data contained anomalies
that skewed analyses or lacked important information on future staffing
needs. Third, EM’s quarterly performance reports neither consistently
provide accurate information about a project’s performance against the
near-term baseline, nor do they include information about how current
performance may affect the life cycle baseline. Finally, DOE’s reports to
Congress do not include important information that would aid oversight,
such as the extent of and reasons for significant changes to near-term and
life cycle baseline estimates. In contrast, Department of Defense reports to
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Congress on acquisitions for major systems provide detailed information
on significant cost and schedule changes and the reasons for those
changes.

Guidance for key management and oversight functions—such as project
baseline development, risk management, and contingency funding—is not
consolidated, and is contradictory and unclear. Consequently, project
managers do not consistently implement this guidance. For example, DOE
headquarters officials found that project managers are calculating
contingency funding to cover project risks in their baselines in a variety of
ways, leading to uncertainty regarding the total contingency funds needed
to cover all cleanup projects.

DOE recently changed its goals for the performance of cleanup projects.
Before 2008, a major cleanup project was expected to achieve 100 percent
of the scope of work in its life cycle baseline with less than a 10 percent
cost increase in the project’s life cycle baseline. However, according to
EM’s current cleanup project performance goal, the projects are
successful if they achieve at least 80 percent of the scope of work in their
near-term baselines with less than a 25 percent cost increase. The new
performance goal permits up to 20 percent of the scope of work to be
deferred from the near term to out years, creating a substantially greater
risk that life cycle costs will continue to increase and that completion
dates will be delayed. According to DOE officials, the agency adjusted
performance goals primarily to account for the greater level of uncertainty
inherent in cleanup projects. However, by lowering expectations for
adhering to near-term baselines, DOE may inadvertently be creating an
environment in which large increases to life cycle costs become not only
more common, but accepted and tolerated.

Over the past 2 years, EM has begun a series of efforts to better manage its
projects and address long-standing problems. For example, under its
“Best-in-Class” Project Management Initiative, EM senior managers have
expressed a strong commitment to improving project performance, and
under this initiative, EM contracted with the Army Corps to assess project
management, and then identified 18 priority actions to correct known
problems. Although these efforts are ongoing, EM has yet to combine them
into a formal plan, and it is too early to tell whether these efforts will
prove effective.

We are making a number of recommendations to the Secretary of Energy
to improve management of major cleanup projects, including to report
more complete information to senior DOE management and Congress so
that they can be fully informed about project status and make informed
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Background

decisions about these projects; consolidate, clarify, and update guidance
for managing cleanup projects; consolidate all planned and ongoing EM
improvements into a comprehensive corrective action plan; and develop
the independent baseline reviews to better assure that project work scope
can be completed within the baselines’ stated cost and schedule.

We provided a draft of this report to the Department of Energy for its
review and comment. DOE agreed with our recommendations but
provided some suggested changes to them, and provided specific
comments on the overall report, which we incorporated as appropriate.
We discuss DOE’s comments in detail at the end of this letter. DOE also
provided some technical comments, which we incorporated as
appropriate. DOE’s comments are provided in appendix IV.

DOE oversees and implements its major cleanup projects through
agreements with contractors who operate the nuclear weapons research
and production sites and the cleanup projects at those sites. Some of EM’s
cleanup projects are located at DOE sites administered by the National
Nuclear Security Administration, a separately organized agency within
DOE.

EM’s major cleanup projects involve efforts to clean up sites where
nuclear weapons were produced and production waste stored.” EM’s
cleanup projects handle a wide array of waste types and levels of
radioactivity and hazardous constituents, and can involve multiple
activities to, among other things, retrieve, characterize, treat, package,
store, transport, and dispose of the waste, as well as disassemble, treat,
package, store, transport, and dispose of the contaminated containers or
processing lines/equipment used for weapons production or for storing or
treating the waste. Multiple EM cleanup projects can occur at a single
DOE site responsible for a multitude of other noncleanup-related
activities. The cleanup projects are organized generally around similar
waste types and activities. For example, the soil and water remediation
activities at each site are organized under one umbrella, as are the nuclear
facility decontamination and decommissioning projects, and the
radioactive liquid tank waste projects, among others. EM generally

2DOE defines a project as a unique effort that supports a program mission and that has
defined points for starting and ending; is undertaken to create a product, facility, or system,;
and contains interdependent activities planned to meet a common objective or mission.

Page 9 GAO-08-1081 Nuclear Waste



manages these similar work activities, grouped into a category known as a
Project Baseline Summary, through numerical designations; for example,
all activities for soil and water remediation are grouped under Project
Baseline Summary 30. (See app. II for additional information on the 10
DOE major cleanup projects reviewed.)

Funding for and Costs of
DOE’s Major Cleanup
Projects

Unlike construction projects, which are funded on a line item basis,
cleanup projects receive funding through operating funds designated for
each DOE site. In 2003, EM began applying project management principles
contained in DOE Order 413 to these cleanup projects in order to apply
more discipline and rigor in planning and expending these project funds,
among other things.

A cleanup project can cost several billion dollars and its life cycle can span
several decades. EM divides the life cycle baselines for its major cleanup
projects into three distinct parts—prior year costs, near term (usually a 5-
year period), and out year (through project completion). Life cycle costs
for each project range from a low of almost $1.7 billion to over $44 billion,
and some projects might not be completed until after 2050.” (See app. III
for detailed information on the life cycle baseline costs for the 10 projects
we reviewed.)

EM applies different approaches to managing these wastes, depending on
the type and extent of contamination and the state or federal regulatory
guidelines and milestones it needs to comply with. DOE has agreements
with state and federal regulators to clean up sites, and the agreements lay
out a framework for determining the cleanup standards to be met.
Furthermore, because all projects have a certain degree of uncertainty,
such as not fully knowing the condition of buried waste containers, EM
needs to plan for this uncertainty and identify ways to prevent serious
disruption to projects should problems arise. To address this uncertainty,
DOE Order 413 requires project managers to identify contingency funds
that may be needed to cover potential cost increases stemming from a
variety of project risks, including technical complexities, regulatory issues,
and funding shortfalls. Although EM project managers build contingency
funding into their near-term and out-year estimates, EM management does
not generally include funding in its budget requests to cover contingency
for cleanup projects until after it is actually needed to address a problem;

®In current year dollars, and excluding EM contingency funding.
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therefore, EM contingency for cleanup projects has been referred to as
“unfunded contingency.”

Earned Value Management
for Tracking Work
Progress

To be effective, program managers need information on program
deliverables and on the progress made in meeting them. One method that
can help program managers track this progress is EVM data. These data
include, for example, detailed information on budgeted costs and actual
costs for work scheduled and work performed, as well as forecasted costs
at project completion. Among other things, EVM data can be used to
compare (1) budgeted costs to actual costs and (2) the value of work
accomplished during a given period with the value of work scheduled for
that period. By using the value of work completed as a basis for estimating
the cost and time to complete a project, EVM data should alert program
managers to potential problems sooner than expenditures alone can.

As a key management tool, EVM has evolved from an industrial
engineering concept to a government and industry best practice to better
oversee programs. Both OMB and DOE Order 413 require the use of EVM.
OMB Circular A-11, part 7, requires the use of an integrated EVM system
across an entire program to measure how well the government and its
contractors are meeting a program’s approved cost, schedule, and
performance goals. The American National Standards Institute and the
Electronic Industries Alliance have jointly established a national standard
for EVM systems." Recognizing the benefits of having these national
standards, OMB states in its 2006 Capital Programming Guide that major
acquisitions that require product development are to require that
contractors use an EVM system that meets the American National
Standards Institute guidelines.” In addition, DOE Order 413 requires that
projects with total cleanup costs of $50 million or more use an EVM
system that complies with industry standards and is certified by DOE’s
OECM to comply with these standards.

43ee, for example, ANSI/EIA 748 32 Industry Guidelines (American National Standards
Institute/Electronic Industries Alliance Standard, Earned Value Management Systems,
ANSI/EIA-748-A-1998 (R2002), approved May 19, 1998, revised January 2002).

®See OMB, Capital Programming Guide, I1.2.4, Establishing an Earned Value Management
System. The OMB requirements also are reflected in the Federal Acquisition Regulation at
48 C.F.R. subpart 34.2.
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Major Cleanup
Projects Experienced
Billions of Dollars in
Additional Costs and
Schedule Delays,
Primarily because
Initial Baselines Were
Overly Optimistic

GAO also has developed EVM best practices that, when followed, can help
project managers consistently develop and analyze EVM data to gain a
complete and accurate understanding of project status. Among other
things, our guidance on EVM states that (1) EVM data should not have data
errors and anomalies that may skew and distort the EVM analysis, and (2)
information such as staffing levels and the root causes of and corrective
actions for cost and schedule variances should be reported through the
EVM system.

Nearly all the cleanup projects we reviewed have had cost increases and
schedule delays in the life cycle baseline, as much as $9 billion for one
project, and schedule delays of as much as 15 years for two projects.
These cost increases and schedule delays occurred primarily because the
previous baselines for these projects had schedule assumptions that were
not linked to technical or budget realities, and other assumptions also
proved to be overly optimistic.

Major Cleanup Projects’
Costs Have Increased by
Billions and Schedules
Have Been Delayed by As
Much As 15 Years

The estimated costs of the 9 of the 10 DOE major cleanup projects we
reviewed have significantly exceeded original estimates, as table 1 shows.
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Table 1: Changes in the Estimated Life Cycle Costs for DOE Major Cleanup Projects

Dollars in billions

Previous life cycle

cost estimate (year Current life cycle cost

Life cycle cost

Percentage

Project of estimate)® estimate range® increase range” increase range”*
Solid waste stabilization and $2.851 $3.301 — $3.940 $.450 — $1.089 16% — 38%
disposition, Idaho National (2006)

Laboratory

Nuclear facility decontamination 1.907 3.126 — 3.290 1.219 -1.383 64 —-73
and decommissioning, Oak Ridge (2004)

Reservation

Nuclear material stabilization and 7.487 10.802 — 11.248 3.315-3.761 44 - 50
disposition, Savannah River Site (2004)

Radioactive liquid tank stabilization 11.909 18.622 — 24.003 6.714 — 12.094 56 — 102
and disposition, Savannah River (2004)

Site

Soil and water remediation, Los 1.521 1.660 —2.425 .139 - .904 9-59
Alamos National Laboratory (2006)

Nuclear material stabilization and 2.990 3.387 - 3.412 397 — .422 13-14
disposition, Hanford Site (2006)

Solid waste stabilization and 8.219 9.596 — 10.639 1.377 — 2.420 17 - 29
disposition, Hanford Site (2007)

Soil and water remediation, 3.902 5.623 — 5.759 1.721 - 1.857 44 — 48
Hanford Site (2007)

Nuclear facility decontamination 4.762 4.762 — 4.892 0 0
and decommissioning, Hanford (2006)

Site’

Radioactive liquid tank stabilization 21.647 31.048 — 39.694 9.401 — 18.048 43 - 83
and disposition, Hanford Site (2004)

Source: GAO analysis of DOE data.

°For purposes of this report, previous cost estimates are the life cycle cost estimates created at the
beginning of the most recent contract period for operation of the DOE site or the most recent major
contract modification or extension, which in many cases coincided with the beginning of the project’s
previous near-term baseline. Current life cycle cost estimates are based on the most recently
approved near-term baseline, out-year planning estimate ranges, or both.

°EM recently began using cost estimate ranges rather than point estimates. According to EM officials,
costs at the lower end of the ranges were estimated at the 50 percent level of confidence, while costs
at the upper end of the ranges represent the 80 percent level of confidence. For this report, our
analysis of cost change uses the lower end of the range, which excludes contingency, because
contingency amounts can vary widely between projects and are not typically funded before they are

needed.

‘We calculated the percentage of cost increase on the basis of constant 2008 dollars to make them
comparable across projects and to show real increases in cost while excluding increases due to

inflation.

‘As of August 2008, this project has not registered a cost increase. However, project officials told us
that they expect to file a baseline change proposal increasing the life cycle cost by at least several

hundred million dollars by the end of December 2008.
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As the table shows, estimated costs increased from a minimum of $139
million for one project to more than $9 billion for another project. The
smallest dollar and percentage increase—$139 million, or 9 percent—
occurred at Los Alamos’ soil and water remediation project, which is
focused on cleaning up known or suspected chemical and radiological
contamination in addition to treating soil and groundwater that was
contaminated by this waste. This project, however, is expected to further
increase its life cycle cost estimate. The largest dollar increase among the
10 major projects—more than $9 billion—was for Hanford’s radioactive
liquid tank waste project, which is expected to remove, treat, and dispose
of more than 56 million gallons of high-level radioactive waste in 177
underground storage tanks. In fact, the other radioactive liquid tank waste
project, at Savannah River, registered the second largest dollar increase—
almost $7 billion. However, the largest percentage increase—about 64
percent—occurred at Oak Ridge’s nuclear facilities decontamination and
decommissioning project.

Table 2 shows that 8 of the 10 projects we reviewed experienced delays in
scheduled project completion, ranging from 2 years to 15 years.'

_______________________________________________________________________________________________________________|
Table 2: Changes in Estimated Project Schedules for DOE Major Cleanup Projects

Schedule

Previous completion Current completion change
Project date estimate® date estimate® (years)
Solid waste stabilization and disposition, Idaho
National Laboratory 2012 2016 — 2020 4-8
Nuclear facility decontamination and
decommissioning, Oak Ridge Reservation 2008 2017 9
Nuclear material stabilization and disposition,
Savannah River Site 2015 2024 — 2026 9-11
Radioactive liquid tank stabilization and
disposition, Savannah River Site 2019 2032 — 2034 13-15
Soil and water remediation, Los Alamos
National Laboratory” 2015 2015 0
Nuclear material stabilization and disposition,
Hanford site 2016 2018 — 2019 2-3

'EM recently began using schedule estimate ranges rather than point estimates. According
to EM officials, scheduled completion dates at the lower end of the ranges were estimated
at the 50 percent level of confidence, while dates at the upper end of the ranges represent
the 80 percent level of confidence. For this report, our analysis of schedule change uses the
lower end of the range.
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Schedule

Previous completion Current completion change
Project date estimate® date estimate® (years)
Solid waste stabilization and disposition,
Hanford site 2035 2050 - 2058 15-23
Soil and water remediation, Hanford site 2035 2050 — 2059 15-24
Nuclear facility decontamination and
decommissioning, Hanford site 2019 2019 0
Radioactive liquid tank stabilization and
disposition, Hanford site 2032 2042 - 2050 10-18

Source: GAO analysis of DOE data.

°For purposes of this report, previous project completion dates represent the estimates at the
beginning of the new contract period for operation of the DOE site or the major contract modification
or extension, which typically coincided with the beginning of the projects’ current or previous near-
term baseline. Current completion date estimates represent the most recently approved near-term
baseline or out-year planning estimate ranges calculated at the 50 percent confidence level at the
lower end of the range, to the 80 percent level of confidence at the higher end of the range. EM
recently began using schedule estimate ranges rather than point estimates. For this report, our
analysis of schedule change uses the lower end of the range.

*The June 2008 Baseline Change Proposal shows proposed costs associated with this project at the
80 percent confidence level would extend through fiscal year 2020.

As table 2 shows, the shortest delay is at Hanford’s nuclear material
stabilization and disposition project, while the longest delays—15 years—
also are at Hanford: the soil and water remediation and the solid waste
stabilization and disposition projects.

Overly Optimistic
Baselines Contributed to
Significant Changes in
Projects’ Life Cycle

Baseline Schedules Were Not
Linked to Technical or Funding
Realities

The changes in schedule and costs occurred primarily for two reasons.
First, initial project baselines were built on accelerated schedules that
were not always linked to technical capabilities or available budgets,
although EM has begun to tie its new baselines to anticipated funding.
Second, the initial baselines included other assumptions that did not hold
true, including conditions on the ground at the sites, expected completion
dates for related construction projects, and activities that would be
included in projects’ scopes of work.

The initial baselines for 8 of the 10 major projects we reviewed contained
schedules that were influenced by an EM-wide effort to accelerate the
office’s cleanup work. In 2002, EM management worked with its sites and
regulators to create new, earlier milestones for completing key cleanup
projects and for closing entire sites to reduce the public health and
environmental risks posed by the waste at these sites. Before this effort,
some of the major cleanup projects were not estimated to complete work
until the 2030s and 2040s. Under the accelerated schedules, four projects’
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completion dates were moved up by 15 years or more, as was the case for
the radioactive liquid tank waste stabilization and disposition project at
the Hanford site; its completion date was moved from 2048 to 2028. The
baselines containing the accelerated schedules—those generally created
between 2003 and 2006—tied their work scope and funding assumptions
to the completion dates and not necessarily to available cleanup
technologies. For example:

Solid waste stabilization and disposition project at Idaho. To meet its
accelerated completion date of 2012—down from 2018—DOE’s Idaho
National Laboratory assumed its Advanced Mixed Waste Treatment Plant
could process nuclear waste at a rate of about 8,500 cubic meters per
year—more than 50 percent faster than the rate of about 5,400 cubic
meters per year demonstrated when DOE established the baseline. At the
time, because the plant had only recently begun operating, project staff
lacked confidence that they could meet the processing rate. Moreover, the
independent team reviewing the baseline reported that the rate was
optimistically high. Nevertheless, DOE proceeded with the initial baseline,
increasing the amount of unfunded contingency in its baseline and
attempting to meet the optimistic rate by providing the contractor with
performance incentives. Still, the processing rate has fallen short of
baseline assumptions—it is currently roughly 6,000 cubic meters per year.
To reflect this more realistic rate, DOE subsequently revised its baseline,
adding 4 years to the project schedule and increasing costs by about $450
million.

Radioactive liquid tank waste stabilization and disposition project at
Savannah River. This project, in part, combines high-level radioactive
waste stored in tanks at the Savannah River Site with melted glass and
places it in canisters ultimately to be sent to a federal repository for
disposal. DOE directed that the project’s completion date be accelerated,
from 2035 in its early planning documents to 2019 in the initial baseline. In
order to make that date, according to project officials, they included some
assumptions in the initial baseline they knew at the time would be difficult
to realize. Specifically, they assumed that the project’s waste processing
facility could produce canisters consisting of up to 49 percent high-level
waste—with the remaining space filled with melted glass—when at the
time it had not been able to produce a canister containing more than 42
percent high-level waste with an existing technology while remaining
within the acceptance criteria for the federal repository. Those criteria
dictate specific characteristics, including durability and leachability for the
glass-waste mixtures in the canisters. DOE has since adjusted these
assumptions—the current waste processing plan assumes the canisters
will contain 34 percent to 38 percent high-level waste using the existing
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technology—contributing to the overall cost increase and schedule delay
for this project.

These early baselines also were not tied to expected funding. According to
several senior EM officials, before April 2007, project directors were
instructed to create cost baselines to meet the accelerated schedules and
their regulatory milestones without regard for the likely funding the
projects could expect to receive. Consequently, the funding assumptions
in the projects’ baselines were higher than the amount of funding DOE
requested each year. According to a senior EM budget official, these
shortfalls required project managers to continually adjust cost and
schedule baselines as projects moved work activities into the out years to
accommodate the lower funding levels. For example, according to site
officials at Oak Ridge, when DOE did not request the full amount of
funding in the nuclear facility’s decontamination and decommission
project’s initial baseline, the project could not complete all the work as
planned. Project managers responded by pushing work activities into the
out years, which contributed, in part, to the project’s overall cost increase
and schedule delay. Similarly, as noted in a recent DOE internal audit,
according to Los Alamos officials, funding has not been sufficient to meet
the site’s regulatory commitments, and has been a concern since 2003,
when the site manager said he was concerned that appropriate resources
had not been identified to conduct the necessary environmental
restoration activities."”

According to EM managers, they have implemented changes to the way
baselines are created that address these problems. In April 2007, EM
changed its policy for creating project baselines. Instead of tying baselines
to the accelerated schedules and regulatory commitments with
unconstrained funding, EM limited funding for its sites, directing that all
future baselines be based on expected budget numbers generated for each
site.

For three of the projects we reviewed, this change in direction resulted in
deferral of work and schedule delays because the new funding levels
represented significant reductions in what projects were planning on

"u.s. Department of Energy, Office of Inspector General, Office of Audit Services, Audit
Report: The Department’s Progress in Meeting Los Alamos National Laboratory Consent
Order Milestones, DOE/IG-0793, April 2008.
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receiving, and these projects were low on EM’s priority list.”® For example,
Hanford’s solid waste stabilization and disposition project’s funding was
reduced to the point where it will receive minimal funding for the next 4
years in order to allow full funding of Hanford’s decontamination and
decommissioning project at River Corridor, a higher priority. During this
period, to comply with the funding levels provided, the project will
maintain minimum activities to safeguard materials and will not advance
its waste processing goals. As a result, according to project officials, life
cycle costs for this project increased in some part to reflect a longer
schedule and the additional costs of having to hire and train new workers
in the future to complete a job that already was underway.

Not all sites have implemented these changes, however. EM’s direction to
all sites to create their baselines tied to the funding profile outlined in the
June 2007 policy memo has not been applied to two of the major cleanup
projects. The Hanford radioactive liquid tank waste stabilization and
disposition project—the most expensive cleanup project—and the Los
Alamos soil and water remediation project have not aligned their baselines
with the funding targets. The Hanford project’s baseline was validated just
before the policy change took place and, for the period between 2009 and
2030, the baseline contains about $2.6 billion more than the funding
targets.” Similarly, EM approved the baseline for the Los Alamos project
even though it was not aligned with the funding targets. The baseline
identifies a projected funding shortfall each year through 2012 that peaks
at a cumulative $236 million in 2010. This shortfall does not include an
additional $947 million in unfunded contingency. At the same time EM
approved the baseline, it directed project managers at the site to change
the baseline to bring its costs in line with the targets.

Another likely contributing factor to the cleanup projects’ cost increases
and extended schedules is DOE’s practice of not including contingency
funding in its annual budget requests for EM’s cleanup projects.
Specifically, EM has requested enough funding for its cleanup projects to
ensure a 50 percent likelihood of completing the projects within the total
estimated project costs. However, the requested amount generally has not

EM’s priority list is based on maximizing risk reduction. As such, it has ranked its
activities in priority order, from highest to lowest, from stabilizing radioactive tank waste
in preparation for treatment down to decontaminating and decommissioning excess
facilities.

19Figures in this paragraph are in current year dollars.
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Baselines Included
Assumptions about the Scope
of Work and Technical
Challenges That Did Not Hold
True

included contingency funding, which project managers may have to use in
order to complete a project on time by addressing risks that materialize
during cleanup. For example, in 2007, the radioactive liquid tank waste
project at Hanford had an unexpected spill of 85 gallons of radioactive
material from one of its storage tanks; this spill required shutting down
waste retrieval operations for 11 months in order to clean up the spill.
Even though the retrieval operations represent a small percentage of the
overall work scope ongoing at the project, the accident added at least $8
million to the retrieval cost for that one tank. Furthermore, in accordance
with EM policy, projects are expected to account for the costs of such
potential risks by increasing the amount of unfunded contingency in their
near-term and life cycle baselines. Because funding for that contingency is
not included in the budget request, however, increasing the amount of
contingency funding in the near-term baseline is largely a paperwork
exercise that has no active impact on preventing or solving problems or
anticipating actions that could offset demonstrated slow progress.

According to a December 2007 report by the National Academy of Public
Administration, EM’s practice of not funding contingency for its cleanup
projects has meant that EM has not had additional funding available to
address emergency problems when they arise and therefore has either
taken money from another project or extended the schedule of the work
into future fiscal years to manage them. Furthermore, according to EM
officials, by providing enough funding for its projects to ensure that they
have a 50 percent chance of meeting their project cost and schedule
baselines, EM recognizes that 5 of the 10 major projects are likely to miss
their cost and schedule goals. In contrast, DOE funds its construction
projects at a level that reflects a greater probability of success—80
percent—an amount that reflects the industry standard for such projects.
According to senior EM officials, EM does not fund contingency for its
cleanup projects because allotting enough funds to cover the costs of risks
that may not materialize would constrain the amount of work EM could
perform for the money it receives each year. However, in accordance with
a recommendation from the National Academy of Public Administration,
EM is evaluating its practice of not including contingency funding in its
budget requests for cleanup projects.

For most of the projects we reviewed, EM included assumptions in its
baselines that (1) did not represent the conditions at some of the major
projects, (2) did not sufficiently anticipate delays in the completion of
related construction projects, and (3) the scope of work activities to be
accomplished would not increase. Correcting these assumptions often led
to changes in the scope of work, higher costs, and extended schedules.
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First, for four of the projects we reviewed—QOak Ridge’s nuclear facility
decontamination and decommissioning project, Idaho’s solid waste
stabilization and disposition project, and Savannah River and Hanford’s
radioactive liquid tank waste stabilization and disposition projects—site
conditions were worse than project staff originally estimated, leading to
significant changes to the life cycle baseline.” For example, at the Oak
Ridge project, because a 1940s-era building was far more contaminated
and deteriorated than first estimated, DOE changed its cleanup plan and
implemented a more extensive—and therefore more expensive—approach
to tearing down the building. After a worker fell through a weakened floor,
the contractor had to first reinforce the building’s structure so that
contaminated equipment could be removed safely. Primarily because
project officials did not accurately anticipate the site conditions or the
types of work activities necessary to safely conduct the work—despite
multiple estimates generated by the contractor, DOE, and the Army
Corps—this project’s costs increased by $1.2 billion and significant
amounts of work were delayed, extending the completion date by 9 years,
to 2017.

Similarly, the initial baseline for the radioactive liquid tank waste
stabilization and disposition project at Hanford assumed that 99 percent of
the waste contained in the 177 storage tanks could be removed by using
only one type of technology to retrieve the tank waste. However, DOE
subsequently determined that almost half of the tanks contained a
hardened layer of waste that could not be removed with the chosen
technology and therefore a second technology was needed to remove this
waste. Correcting the optimistic assumptions—adding the second
technology and re-estimating the costs of retrieving waste from the tanks
based on field experience gained—increased the baseline by more than $2
billion.

Second, delays in completing related construction projects directly
contributed to schedule delays—and corresponding cost increases—for
four of the cleanup projects we reviewed. Three of these projects are at
the Hanford site in Richland, Washington. The initial baselines for these
projects included assumptions that the major construction project there—
the Waste Treatment Plant (WTP)—would be ready to begin operations in

20According to project officials, site conditions also were worse than estimated at Hanford’s
nuclear facilities decontamination and decommissioning project at River Corridor,
although a baseline change proposal for the cost increase for this project had not been filed
with EM headquarters at time of our review.
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2011. In 2006, DOE extended the WTP construction completion date by 5
years, resulting in schedule extensions for three cleanup projects.” The
major cleanup project that will run the WTP—the radioactive liquid tank
waste stabilization and disposition project—had to increase its life cycle
cost estimate by about $4.8 billion and extend its schedule by 10 years in
order to safely maintain the waste storage tanks while the treatment plant
is being built and to operate the plant for additional years, among other
things. Similarly, in response to the WTP delay, the schedules for the solid
waste stabilization and disposition project and the soil and water
remediation project were extended by 15 years—increasing costs by more
than $4 billion combined. These projects cannot complete their missions
until the WTP has finished processing all of the liquid waste in the storage
tanks. According to the currently approved baselines, the liquid tank waste
project will complete its operations in 2042, and activities under the latter
two projects are not expected to be completed until 2050.” However, as
we recently reported, DOE has acknowledged that the start of waste
treatment operations will be delayed by at least 8 years (from 2011 to
2019), not 5 years, which will likely affect further these projects’ costs and
schedules.”

Third, for three of the projects we reviewed, increases in work scope—the
activities required to complete the project—contributed to cost increases
and schedule delays. For example, a major contributor to the more than $3
billion cost increase and at least 9-year schedule delay at the nuclear
materials stabilization and disposition project at Savannah River was
DOE'’s approval of a new initiative in 2006 that added additional amounts
of nuclear materials for the project’s facilities to disposition, including
materials from other DOE sites. Those facilities were originally scheduled
to complete their mission in 2007—the new scope extended the mission

2Tn 2006 we reported on the primary causes of the cost and schedule increases at the WTP,
some of which echo the issues we found relative to the major cleanup projects:
shortcomings in the contractor’s performance, DOE management and oversight problems,
and technical challenges that were more difficult to address than anticipated. GAO,
Hanford Waste Treatment Plant: Contractor and DOE Management Problems Have Lead
to Higher Costs, Construction Delays, and Safety Concerns, GAO-06-602T (Washington,
D.C.: Apr. 6, 2006).

“These dates are based on a 50 percent confidence level. With 80 percent confidence, the
liquid tank waste is estimated to extend until 2050, the solid waste project is estimated to
complete in 2058, and the soil and water project is estimated to extend until 2059.

®GAO, Nuclear Waste: DOE Lacks Critical Information Needed to Assess its Tank
Management Strategy at Hanford, GAO-08-793 (Washington, D.C.: June 30, 2008.)
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until 2019.* Similarly, Savannah River’s other major cleanup project—
radioactive liquid tank waste stabilization and disposition—also had
significant scope added. Under a law passed in 2004, DOE determined
that the salt waste in its tanks is not high-level waste and therefore can be
disposed of at the site instead of in a geologic repository. The law required
DOE to consult with the Nuclear Regulatory Commission when making
this determination. According to DOE, this consultation and the resulting
changes to the cleanup process added significant scope to the project,
causing DOE to lengthen the estimated time to close the 49 tanks at the
site.

According to EM, most of the cost increases and schedule delays
experienced by the major cleanup projects were the direct result of
unrealized aggressive planning assumptions. EM has since recognized that
project baselines must be based on realistic technical and regulatory
assumptions and be planned on the basis of realistic out year budget
profiles. However, it appears that the practice of incorporating optimistic
assumptions into project baselines has not yet been eliminated. As we
recently reported, some of the underlying assumptions in the baseline for
the Hanford radioactive liquid tank waste project may be overly
optimistic.”® For example, DOE assumes that the tanks will remain viable
throughout what has become a protracted waste treatment process, with
some tanks expected to remain in service more than 60 years longer than
originally anticipated. This extended operation raises the risk of tank
failure and leaks to the environment. The baseline also assumes that
emptying single-shell tanks will proceed significantly faster than it has to
date. Hanford project management officials have since acknowledged that
the ambitious retrieval schedule might not be achievable and are adjusting
their planning estimates.

*'As we recently reported, DOE may identify additional nuclear materials to process
through these facilities, which could delay the planned 2019 shutdown and increase
operational costs. GAO, Nuclear Material: DOE Needs to Take Action to Reduce Risks
Before Processing Additional Nuclear Material at the Savannah River Site’s H-Canyon,
GAO-08-840 (Washington, D.C.: July 25, 2008).

*Ronald Reagan National Defense Authorization Act for Fiscal Year 2005, Pub. L. No. 108-
375 § 3116. This law resolved a lawsuit in which an environmental group alleged that DOE
lacked authority to determine that particular wastes were not high-level waste.

»GA0-08-793.
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DOE Has Not
Effectively Used
Available
Management Tools to
Help Control Major
Cleanup Projects’
Scope of Work, Costs,
and Schedule

While DOE has several mechanisms in place to help manage cleanup
projects, including independent reviews, performance information
systems, guidance, and performance goals, it has not always used them to
effectively manage major cleanup projects’ scopes, costs, and schedules.

DOE’s Baseline Reviews
Highlight Problems but
Have Not Succeeded in
Ensuring Work Can Be
Accomplished within
Stated Cost and Schedule

OECM’s independent reviews of the baselines, meant, among other things,
to provide reasonable assurance that the project’s work activities can be
accomplished within the stated cost and schedule, have not done so for
four of the projects we reviewed. Instead, these baselines were
significantly modified shortly after approval. As a result, the usefulness of
the independent baseline reviews is questionable when significant baseline
changes occur very shortly after the reviews are completed, as the
following discussion illustrates.

The advanced mixed waste treatment project under Idaho’s solid waste
stabilization and disposition project. OECM’s 2006 independent review
accurately noted that the project baseline submitted for validation for the
treatment plant included an unrealistic rate for processing waste—more
than 50 percent faster than the rate demonstrated at the time the baseline
was established. In response, project officials proposed correcting the
problem primarily by increasing the amount of unfunded contingency in
the baseline, a move that reflected common practice within EM, and
OECM officials approved this action and validated the baseline. As the
panel predicted, the project’s actual processing rate after its baseline was
validated was slower than expected. Within 7 months of OECM’s
validation of the near-term baseline, project officials proposed modifying
it. DOE had to defer the activities that the contractor was not able to
accomplish in the near term, extending the project life cycle by about 4
years and increasing costs by about $450 million. We believe that DOE’s
approval of increasing unfunded contingency as a corrective action for an
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unrealistic processing rate was ineffective.” Although DOE also attempted
to increase the processing rates through contractor performance
incentives, we believe DOE should have revised the baseline using a more
realistic processing rate to calculate baseline cost and schedule before
validating it.

Oak Ridge’s nuclear facility decontamination and decommissioning
project. Significant cost increases began 2 years before OECM’s
independent validation of the project in 2006, and have continued to
increase. Specifically, life cycle costs for the project were estimated at $1.8
billion in 2004—the beginning of the project’s previous near-term
baseline—with expected project completion by fiscal year 2008. By August
2006, when OECM completed its review of the baseline and issued its
validation recommendation, life cycle costs for the project had grown to
about $2.2 billion and project completion was extended by about 1 year.
However, roughly 1 year after OECM validated the baseline, EM revised it
again, adding about $800 million in costs and delaying project completion
by an additional 8 years. EM justified the change because, among other
things, it wanted to adjust the baseline to conform to new funding targets
as directed by DOE in June 2007 and to account for other changes it
needed to make in its approach to decontaminating the building.

Los Alamos soil and water remediation project. In March 2008, EM
approved an independent review of this project and the associated
baseline although it expected that the baseline would change. According
to the EM memorandum approving the baseline, changes in EM’s priorities
and funding plans were likely to necessitate changes to the Los Alamos
project’s baseline, and the project was directed to submit a baseline
change that would align the baseline with funding targets. OECM officials
also acknowledged that their independent review of the baseline was
based on assumptions that would likely not prove to be true. Specifically,
OECM’s review assumed that the project would receive the full funding
needed even though DOE'’s funding targets at the time were below the
funding levels needed to comply with the state cleanup agreement. As a
result, project officials expect that the estimated life cycle costs of nearly
$1.7 billion will increase substantially during 2008 but could not tell us the

*"DOE included $180 million (representing an additional 18 months of work) in its
unfunded contingency for this project , which would have covered only part of the $450
million cost increase or the 4-year schedule delay experienced by the project.
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extent of the cost and schedule change until they receive DOE’s new
funding commitments for the project.

Hanford’s radioactive liquid tank waste stabilization and disposition
project. The most significant cost increase—more than $9 billion—
occurred about 2 years after DOE’s initial independent review and
approval of this project. The project’s baseline was first approved in 2004,
with life cycle costs expected to be about $22 billion and completion
scheduled for 2032. However, in 2006, life cycle costs increased to about
$31 billion—not including an additional $8.6 billion in unfunded
contingency—and the completion date was extended by 10 years, to 2042.
Project officials expect the baseline will require another update and
independent review in 2009 to reflect anticipated changes as a result of the
project’s new contractor and because of changes resulting from ongoing
negotiations with state regulators over regulatory agreement milestones.

In addition to changes to the baselines soon after the independent reviews,
DOE has recently relaxed standards used for conducting these reviews. In
2003, DOE issued standard operating procedures for conducting
independent reviews—primarily of construction projects. These
procedures stated that baselines should be considered, once approved, as
set in concrete. The EM-OECM 2005 protocol—and its 2007 update—for
cleanup projects replaced the standard operating procedures and directed
OECM to validate only the near-term baseline for cleanup projects while
reviewing the life cycle estimate “for reasonableness.” In this way, EM and
OECM sought to acknowledge what they believe are the greater
uncertainties present in the out-years of a cleanup project compared with
a typical construction project. However, within a year of the 2007
protocol, OECM had changed its approach for EM cleanup projects from
validating baselines to “certifying” them, which is a more limited statement
of assurance than validation. Specifically, according to OECM officials,
certification means that the near-term baselines are reasonable if near-
term baseline costs are funded as outlined in the baseline and contingency
funds are provided as needed. The change is intended to reflect OECM’s
belief that, because funding for cleanup projects is more uncertain than
for construction projects, the same confidence level cannot, nor should, be
applied to reviews of EM cleanup project baselines as it is applied to
construction projects. Since EM headquarters does not consistently
provide contingency funds for its cleanup projects, and half of the major
projects have significant contingencies in their near-term baselines, the
most likely result for projects experiencing problems is to extend
schedules and increase life cycle costs. In commenting on a draft of this
report, OECM stated it intends to go back to validating near-term baselines
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for cleanup projects, assuming, in part, that funding becomes more stable
and EM gains greater experience managing near-term baselines.

DOE Lacks Reliable and
Consistent Performance
Information

EM Baseline Change Reports
Do Not Consistently Include
Needed Information

DOE managers depend on data about the performance of EM’s major
cleanup projects to make informed decisions about how best to handle
unexpected events and manage shifting priorities. DOE site and
headquarters staff generate a number of regular reports to update senior
managers on the status of these projects, both to justify making significant
changes to project baselines and to request funding from Congress.
Although these reports provide valuable information to managers on the
progress of work at cleanup sites around the country, they do not
consistently provide the key information needed to make fully informed
management decisions about EM’s major cleanup projects. Specifically,
(1) proposals for baseline changes do not consistently identify reasons for
proposed changes or possible root causes that contributed to problems,
(2) use of EVM data does not consistently conform to industry standards
or GAO’s best practices, (3) quarterly reports do not always describe the
impact of contractor performance on near-term or life cycle costs and
schedules, and (4) reports to Congress on the status of and changes to
major cleanup projects are limited to a small snapshot in time and do not
provide information necessary for effective oversight.

When a project reaches a point at which it is likely to miss the goals in its
baseline, project managers are required to propose changes to the
project’s cost, schedule, or scope baseline, a process that is akin to hitting
the reset button. EM project managers request such a change by, among
other things, documenting certain information in a Baseline Change
Proposal report, including current approved costs and new proposed
costs, proposed project start and end dates, and a justification for the
changes. For the key change proposals we reviewed for the major cleanup
projects, the information provided describing the changes and their
impacts varied widely, with some projects providing little to no
explanatory information about what led to the change and others
explaining the causes of the changes in detail. For example, a change
proposal for Hanford’s nuclear material stabilization and disposition
project simply described the project’s scope of work and did not provide
any explanation for why the project’s schedule was being delayed by 3
years, while a proposal from Savannah River’s radioactive liquid tank
waste stabilization and disposition project included information on the
causes for its cost and schedule changes, as well as the specific cost and
schedule impacts of each cause. However, the change proposals we
reviewed generally did not address the root causes that resulted in the
changes to the baseline. For example, the Savannah River change proposal
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explained that almost $500 million of the total proposed cost increase was
due to revising the strategy for finishing the project. However, the
proposal did not explain why this strategy needed revision. In investigating
the reason for this proposed revision, we determined that a robust strategy
for finishing the project was not included in the original baseline because
the project was directed to meet a completion date of 2025 and could not
do so if it included the thorough closure strategy. Without including this
kind of information in the proposals, it would be difficult for EM managers
to effectively identify the true causes of the baseline changes, take steps to
address them, and transfer any lessons learned to other projects.

In addition, EM does not centrally gather and systematically analyze the
narrative information in the baseline change proposals. We recognize that
such information is not easily analyzed to identify common causes across
projects. However, without such analysis, EM senior managers are
potentially hindered in addressing problems collectively. One EM project
management official agreed that having the ability to analyze the
information in the change proposals across projects would be beneficial,
but that his office had not yet made it a priority to collect this information
because it was still addressing reliability issues with the data in the change
proposals.

EM has made some effort to identify root causes of its project
management problems. It recently participated in a DOE-wide effort to
identify root causes of project and contract management problems in
response to GAQO’s inclusion of DOE’s contract management on its high-
risk list.® However, DOE’s analysis was focused more on construction
projects than EM cleanup projects. The report notes that the emphasis of
the effort was on the capital line item—construction—projects, but that
several of the issues identified also are applicable to other projects,
including EM cleanup projects.* According to one project participant from
OECM, the participants discussed how some of the issues raised related to
cleanup projects but they did not examine those projects as extensively as
the construction projects. In commenting on a draft of this report, DOE
explained that its analysis was based more on data from construction
projects than EM cleanup projects because more data exist documenting
DOE’s past project management deficiencies for construction projects

®GAO, High-Risk Series: An Update, GAO-07-310 (Washington, D.C.: January 2007).

ZQDOE, Root Cause Analysis: Contract and Project Management (Washington, D.C., April
2008).

Page 27 GAO-08-1081 Nuclear Waste


http://www.gao.gov/cgi-bin/getrpt?GAO-07-310

Use of Earned Value Data Does
Not Always Conform to
Industry Standards or GAO-
Identified Best Practices

since those projects have a longer history of a structured, disciplined
management process.

At three of the major cleanup projects—nuclear facilities cleanup at the
Hanford Site’s river corridor cleanup project, solid waste stabilization and
disposition at Idaho National Laboratory, and soil and water remediation
at Los Alamos National Laboratory—we found several instances in which
the use of EVM data did not conform to industry standards or our best
practices.” As a result, EM and site project managers using the data may
be less able to make informed decisions to effectively manage these
projects.

Data anomalies. For all three projects, the EVM systems we assessed
contained data errors or anomalies that could potentially distort the
analysis of EVM data. Anomalies included, for example, reporting negative
actual costs or reporting costs that are not tied to work scheduled or
performed. The Los Alamos EVM data contained both types of these
anomalies, which may have distorted the results of data analyses by as
much as $34 million, preventing managers from understanding the true
status of project performance. According to project officials, the
anomalies occurred primarily because Los Alamos had initially assigned
costs to a general account, and waited up to several months before
assigning these costs to the correct specific work activities. In another
case, in a significant number of instances the contractor at Hanford’s river
corridor closure project reported costs incurred for work activities
performed that had not been scheduled to start until future years, skewing
the reported performance results.” The contractor explained that these
data anomalies occurred because it had performed work sooner than
originally expected—and therefore the work was not incorporated into the
project’s EVM planned schedule in the periods for which it was actually
performed. Project officials at the site stated that they believe the EVM
information, as reported, correctly represents the project’s status. As such,
the summary-level EVM data seem to depict a favorable schedule

®We conducted limited assessments of EVM data reliability, compliance with industry
standards or our best practices, and other analyses at three of the five EM sites we visited,
including data from the Hanford site’s river corridor cleanup project, Washington; Idaho
National Laboratory’s advanced mixed waste treatment plant subproject (within the solid
waste stabilization and disposition project), Idaho; and Los Alamos National Laboratory’s
soil and water remediation project, New Mexico.

31Specifically, we found elements where the contractor reported budgeted and actual costs
of work performed without a corresponding work schedule.
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performance in April 2008; however, our independent analysis of this data
shows that when we removed the value of the work that was started and
completed ahead of schedule, the remainder of the originally scheduled
work was actually behind schedule in April 2008, and trends indicated that
the variance was worsening.

Data on the availability of staff to perform future work was not always
developed. For one of the projects we reviewed, the EVM system lacked
important information on staffing, contrary to GAO-identified best
practices. DOE officials at Los Alamos’ soil and water remediation project
told us they plan to begin asking for staffing information from the
contractor, and contractor officials stated they are setting up a staffing
report within their EVM system. Without this information, project
managers lack important information necessary for ensuring that they
have, or will have, an adequate number and type of staff to perform the
upcoming scheduled work.

Reliability of earned value systems is questionable. OECM has certified
that the earned value system used to report performance for only one of
the three systems we assessed meets the required industry standards.”
The EVM system used by the contractor operating the advanced mixed
waste treatment project—a significant portion of the solid waste
stabilization and disposition project at the Idaho National Laboratory—has
not been reviewed by OECM to determine whether it is compliant with
industry standards, and contractor officials stated they believed their
system does not meet the standards. In addition, OECM was in the process
of reviewing the system used by the contractor responsible for the soil and
water remediation project at Los Alamos National Laboratory at the time
of our review. As a result, these projects lack the necessary assurances
that the EVM data were free of errors and anomalies that could skew and
distort the EVM analyses.

Once a system is certified as meeting the standards, regular surveillance is
needed in order to ensure its continued compliance. Surveillance allows
managers to focus on how well a contractor is using its EVM system to
manage cost, schedule, and technical performance, and is important

#OECM has certified that all of the EVM systems used by the contractors working on the
10 major cleanup projects are in compliance with the American National Standards
Institute/Electronic Industries Alliance standard except that of the Advanced Mixed Waste
Treatment Project contractor at Idaho and the major project at the Los Alamos National
Laboratory.
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because it monitors problems with performance and the EVM data. If
these kinds of problems go undetected, EVM data may be distorted and
not meaningful for decision making. OECM'’s surveillance program is
under development: it recently hired one staff person to lead its
surveillance efforts, and is developing a guide to better define its
surveillance protocol. DOE also requires its sites to perform surveillance
of EVM monthly contractor performance data, which includes developing
EVM surveillance plans and conducting random EVM surveillance.

Furthermore, EM managers do not appear to consistently gather or
analyze EVM data to maximize the data’s benefits for project management.
GAO best practices recommend that EVM system reports include thorough
narrative explanations of any root causes of, or proposed corrective
actions, for reported cost and schedule variances shown in the data. For
the soil and water remediation project at Los Alamos, for example, EM did
not require that this information be reported by its contractor. As a result,
EM project managers at Los Alamos have not always received the
information necessary for ensuring that effective corrective actions are
implemented to prevent additional changes to the cost and schedule
baselines. According to contractor officials, they reported information on
root causes and corrective actions to EM routinely before fiscal year 2008,
but DOE asked them to stop providing it. According to the project director
for the soil and water remediation project at Los Alamos, the Los Alamos
Site Office Assistant Manager had directed the contractor to not provide
the variance reports as part of its project status reviews because the
contractor’s explanation of these variance reports during scheduled
meetings was taking several hours to review and wanted instead to use the
available time to focus more on risk management and other project issues.
However, according to this site official, the site office’s direction was not
intended to discontinue all variance analysis reporting. Although the
contractor discontinued including the variance analyses reports in its
project status reviews, the project director stated that DOE continues to
obtain information from the contractor by other means, such as cost
performance reports and weekly contractor meetings at which DOE and
the contractor discuss the root causes of variances that resulted in risks to
meeting milestone compliance agreements. However, contractor cost
performance reports we reviewed did not provide any narrative
information on causes or corrective actions. Furthermore, the weekly
contractor meetings discuss only certain root causes of the variances that
resulted in risks to milestone compliance agreements and therefore are
neither comprehensive nor documented. Because verbal information can
easily be forgotten, lost, or misinterpreted, among other things, we believe
that a written report would be a best practice.
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Quarterly Reports Do Not
Present a Comprehensive
Picture of Performance against
Near-Term or Life Cycle
Commitments

In addition, EM projects report their EVM data to headquarters managers
at the project summary level, which can mask problems occurring in the
project that more detailed reporting could reveal. At Idaho, in early 2008,
EVM data showed the solid waste stabilization and disposition project was
performing ahead of schedule and under cost, although major problems
had occurred at the advanced mixed waste treatment project—the primary
subproject. Without EVM reports that contain more specific detail, project
managers at headquarters may not recognize that a problem is occurring
until it becomes large enough to recognize at the summary project level of
reporting. In addition, greater detailed information provided to managers
earlier in the project potentially could allow for early intervention.

Beyond more detailed reports, some project managers in the field and at
headquarters have not always systematically reviewed or independently
analyzed the EVM data they received, which also would help improve their
understanding, as well as mitigate potential problems occurring within a
project. At one site we visited, the DOE official receiving the data said he
did not analyze the information before entering it into the EM
headquarters database. In turn, headquarters EM project managers told us
they also do not analyze the EVM data the projects report. One oversight
official indicated he would prefer to analyze the information he receives
from the projects but he did not have the time required to do so. A senior
EM project management official told us that he recognizes this deficiency
and is working to address it: EM intends to pilot a new software package
that will allow managers to analyze EVM data. According to EM, the
software will enable EM managers to drill down into the EVM data
received from the contractors, thus improving their oversight capabilities.
In addition, according to EM project management officials, EM has
insufficient federal staff to conduct oversight, which is being addressed as
part of an ongoing effort to improve project management. In commenting
on a draft of this report, EM stated it also intends to provide additional
EVM training for its analysts.

In accordance with Order 413, EM senior managers, including the
Assistant Secretary, receive quarterly updates on the status of the major
cleanup projects. Two key reports are the quarterly project reviews (QPR),
generated by EM project managers, and a quarterly project status report
created by OECM. These reports contain contractor performance data and
information about new or ongoing issues that need addressing at the sites,
but do not always describe how contractor performance affects
performance against the near-term or life cycle baselines. Without this
information, managers cannot develop a comprehensive assessment of
progress against agreed-upon goals.
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The QPRs and OECM quarterly reports we reviewed largely use EVM data
to assess project performance, but these data only reflect performance
against the current contract period. Current contract period start and end
dates do not line up with the start and end dates of the near-term baselines
for any of the major cleanup projects we reviewed, and contract goals
have not always been tied to what would be necessary to meet near-term
baseline goals.” For example, we found the EVM data for Idaho’s solid
waste stabilization and disposition project—including the advanced mixed
waste treatment subproject—that was reported in the QPRs and OECM
quarterly reports from early 2008 did not line up with the near-term
baseline because the advanced mixed waste treatment project’s contract
period was not the same as the near-term baseline period, which ends in
2012. EVM data for this project are reported as a combination of work
done by two contractors: disposal of low-level and mixed-low-level waste,
among other things, by the major site contractor, whose contract runs
through 2012, and the advanced mixed waste treatment project operations
contractor, who, in early 2008, was operating under a contract extension
that expired in April 2008, 4 years shy of the end of the near-term baseline.
In addition, according to project officials, the goal of processing 15,500
cubic meters of waste contained in that contract extension was not based
on what was necessary to meet the near-term baseline goal of processing
65,000 cubic meters of waste by 2012, which was DOE’s commitment at
the time of the extension. Since the advanced mixed waste treatment
project’s activities make up about 75 percent of the cost baseline for the
overall project, EVM data for this project as reported in the QPRs and
OECM quarterly reports were not an accurate indicator of how the project
was performing against the approved near-term baseline. DOE has further
extended the advanced mixed waste treatment project contract through
September 2009, and project officials explained the current extension is
better linked to the current baseline, meaning EVM data reported should
represent a better indication of performance against that baseline.

In addition, although the QPRs we reviewed include data on current life
cycle cost and schedule estimates, they do not always include information
about changes to the schedule or scope, nor do they explicitly mention
when a change to the baseline has been proposed. Instead, the QPRs
generally present information on life cycle cost increases and provide

FContract start and end dates for the major cleanup projects do not match near-term
baseline start and end dates. Furthermore, EVM data at Los Alamos is reported only against
the current fiscal year, not against the full contract period or the near-term baseline.
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EM Does Not Report
Information about Significant
Changes to Near-Term and Life
Cycle Baselines to Congress

comparisons to original baselines. QPRs also contain a schedule for each
project detailing key milestones and expected end dates. However, when a
change to a project completion date is made, the schedule shown in the
QPR in most cases does not preserve the original completion date as a
point of comparison. Similarly, there does not appear to be any
mechanism in the QPR to present a change in a project’s scope of work,
for example, a move of some work activities from the near term into the
out years. As a result, the reports tell only that life cycle costs have
increased, but corresponding changes to schedule and scope are not
apparent. Furthermore, there is no clear place in a QPR for a project
manager to mention that a baseline change proposal has been submitted to
headquarters if the results of that proposal are not yet presented in the life
cycle cost or schedule information in the report. Including mentions of
pending change proposals may help ensure senior managers clearly
understand the true state of a project’s performance.

A key performance indicator used in OECM’s quarterly reports also may
create the impression that a project is performing well overall when it is in
fact encountering problems. As directed in the 2007 protocol for cleanup
projects, OECM uses a traffic light indicator—red-yellow-green—as an at-
a-glance way to highlight developing problems for DOE managers. This
indicator is intended to represent expected performance against the
approved near-term baseline and is based largely on EVM data. However,
since projects encountering problems tend to manage those problems by
moving work scope into the out years, the effects of problems occurring
today show up as increases to out-year cost and schedule estimates and
not as increases or delays in a near-term baseline.” Therefore, a project
rated “green” by OECM may simultaneously be experiencing increases in
overall life cycle costs and delays in project completion. OECM officials
agreed that it would be beneficial to present projected impacts of current
performance on life cycle estimates wherever practical in its reports.

DOE’s reports to Congress do not include key information that would aid
oversight efforts, including the extent of and reasons for significant
changes to near-term and life cycle baseline estimates, and the status of
estimated life cycle costs. DOE’s annual budget request to Congress for
fiscal year 2009 for EM included funding requests for each site and each
project, as well as the funding appropriated in fiscal years 2007 and 2008.

U commenting on a draft of this report, EM indicated that scope deferrals or changes to
the near-term baseline must now be formally approved by EM management.
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The budget request also contains, among other things, descriptive
information about the sites and projects, including EM’s major cleanup
projects, and about cleanup goals, regulatory frameworks, and key
uncertainties. However, the request did not provide any project-specific
life cycle costs or completion dates.” In the previous three budget
requests, EM had provided life cycle costs and planned completion dates
for each project. Without this information, Congress cannot know what
progress each project has made and the extent of work still needed,
cannot understand how the project may be changing and has changed over
time, and cannot know whether the project experienced problems since
the previous budget request and the reasons for these problems. The
absence of this information makes it more challenging to effectively
oversee the department and its major cleanup projects.

DOE has not been directed to provide such information about its major
cleanup projects to Congress. In contrast, Congress has required the
Department of Defense to report annually on its major defense acquisition
programs—those costing $2 billion or more and typically consisting of a
weapons system, such as Navy ships or fighter planes—or report quarterly
when programs are experiencing significant cost increases or schedule
delays.” Congress established the reporting requirement to improve
oversight of these defense programs by providing visibility and
accountability for any growth in cost that may occur. Known as Selected
Acquisition Reports, each annual report includes information on full life
cycle program costs, unit costs—the cost per plane or ship—and the
history of those costs. A quarterly report also includes reasons for any
change in unit cost or program schedule since the previous report,
information about major contracts under the program and reasons for any
cost or schedule variances, and program highlights. In addition, the
Department of Defense includes development and procurement schedules,
with estimated costs through program completion, in its annual budget
justification submissions to Congress.

®DOE’s fiscal year 2009 request for EM includes ranges of life cycle costs and completion
dates at the site level.

36Maljor defense acquisition programs are those identified by the Department of Defense
that require eventual total research, development, test, and evaluation expenditures of
more than $365 million or $2.19 billion for procurement in fiscal year 2000 constant dollars.
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DOE Guidance for
Management and
Oversight Functions Is
Unclear and Not
Implemented Uniformly
across Sites

EM’s key policies for managing its cleanup projects—including developing
project baselines, managing risk, and planning for contingency funding—
are not consolidated but spread across various guidance documents and
memos and provide contradictory and confusing information. Although
Order 413 serves as the overarching policy document for project
management, according to EM, the order contains requirements that are
unnecessary or expensive and awkward to implement for cleanup
projects. EM thus has issued numerous memos outlining the way in which
its project managers should implement the order. See table 3 for a list of
key memos we identified that contribute to project management guidance
and policy for EM cleanup projects.

________________________________________________________________________________________________________________________|
Table 3: Key Policy Memos for EM Cleanup Projects

Date Title

Source Guidance provided

February 3, 2005

EM Contingency Policy

EM Policy on funding contingency and
preferred method for establishing
contingency

June 23, 2005

Manual 413.3-1

Project Management for the
Acquisition of Capital Assets—DOE Budget and Evaluation

DOE Office of Management, Requirements and guidance on

implementing Order 413

July 10, 2006 Policies for EM Operating Project EM Additional clarification and guidance
Performance Baselines, on process and requirements to
Contingency and Federal Risk identify, develop, control, and
Management Plans, and validate EM baselines
Configuration Control®

July 28, 2006 Program and Project Management  DOE Project management guidance on

for the Acquisition of Capital
Assets—DOE Order 413.3A

acquisition of capital assets and
environmental restoration projects

March 2, 2007

Risk Management Policy EM

Statement of EM risk management
policy

April 24, 2007

Protocol for EM Cleanup Project
Performance Baselines and

Governs review and validation of
cleanup projects

EM and OECM

Conducting the External
Independent Review or the EM
Independent Project Review

June 25, 2007

Out-Years

Guidance for Implementing Baseline EM
Changes to Reflect Funding Targets
for Fiscal Year 2008 through the

Directed sites to develop baselines
tied to specific funding targets
provided

February 13, 2008 Configuration Control Process for EM

Project Baselines

Update on EM effort to put baseline
under configuration control

Source: GAO’s analysis of DOE information.

*Configuration control refers to efforts to manage and track any changes to work activities, costs, and
schedules.
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As the table shows, rather than having a consolidated source for guidance,
EM project managers must consult multiple sources to determine how to
correctly create a baseline or calculate contingency funding for a project.
Furthermore, some of EM’s guidance includes vague language and various
exceptions to rules, which are likely to contribute to a project manager’s
difficulty in determining how to implement EM policy. For example,
according to the April 2007 protocol for cleanup projects, once a contract
is awarded and a detailed near-term baseline is developed, a follow-up
independent review will be required if the baseline (1) exceeds the
previously validated near-term baseline costs by 15 percent or more, (2)
increases the schedule by a year, or (3) modifies scope significantly. The
first two conditions for requiring a follow-up review are tied to fairly
precise numbers—15 percent and 1 year—although there could be some
question as to whether these numbers are to be applied to the original or
reset baseline calculations, especially for projects that have been extended
multiple times. However, the protocol provides no parameters for
determining when the third condition, a “significant” scope modification,
has occurred.

In addition, agency officials were not able to provide us with formal
documentation of a significant shift in policy. As explained earlier, OECM
recently shifted from validation to certification of the cleanup projects’
near-term baselines. In response to our request for documentation of the
switch to certification, OECM provided us with an e-mail from an OECM
official to a DOE Inspector General auditor that defined certification and
explained the reasons for the change. According to this e-mail, the change
was made to acknowledge OECM'’s belief that EM cleanup projects should
not be reviewed under the same standard as construction projects. The
OECM official also directed us to DOE’s fiscal year 2009 budget request for
an explanation of the new approach. While the budget request includes a
description of baseline certification, it neither mentions that the
certification is a departure from the previous policy, nor does the request
serve as an adequate means of communicating a significant policy change.

Furthermore, different guidance documents appear to be in conflict with
one another. Specifically, EM’s 2006 memo outlining its policy on
contingency funding explained that DOE’s risks associated with
implementing a project are covered through contingency that is part of the
“unfunded” portion of the baseline; that is, its funding is not requested or
budgeted in advance of when it may be needed. However, a 2008 EM
memo primarily concerned with explaining a new process for entering
baseline changes into a database contains a description of the elements of
a near-term baseline that includes a line for “other funded contingency,”
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which has been interpreted by some EM officials as including DOE
contingency. If, according to the 2008 memo, some DOE contingency
should be funded—requested in advance—that memo directly contradicts
the guidance provided in the 2006 memo. However, although the 2008
memo states it is updating the baseline change process, it does not
specifically state that it replaces any part of the 2006 memo.

In part because of this confusion, project managers at cleanup sites have
been implementing EM’s contingency policy differently. According to EM
officials, recent independent reviews have alerted senior EM officials to
this inconsistent implementation of the policy guidance. The review teams
found that the project managers were using a variety of methodologies to
calculate the contingency for their projects. As a result, according to one
EM official with expertise in contingency, managers were likely
underestimating the amount of contingency needed for their projects. To
address this problem, EM senior managers directed the creation of a
contingency implementation guide to provide a definitive interpretation of
existing EM policy on contingency, and this guide is expected to be issued
in September 2008.

Furthermore, at least one of DOE’s policies—on independent reviews of
cost estimates—is not being implemented at all. According to Order 413
and the April 2007 protocol, an independent cost estimate—a top-to-
bottom, independent estimate that serves to cross-check a cost estimate
developed by project officials—should be developed as part of the OECM
review process for major projects when “complexity, risk, cost, or other
factors create a significant cost exposure for the Department.” We believe
that a review of a major cleanup project, given its level of expected
spending over the near term, would meet the criteria for requiring an
independent cost estimate. According to an OECM official, OECM has not
performed an independent cost estimate for any of EM’s major cleanup
projects, primarily because OECM lacks the resources required to perform
this type of rigorous estimate for the projects. Instead, OECM has taken a
less rigorous and less expensive approach in its reviews—examining cost
estimates generated by the projects but not producing a separate estimate
for comparison.

According to DOE officials, it is addressing some of these guidance issues.
By the end of September 2008, officials told us, DOE plans to replace its
manual directing implementation of Order 413 with a series of 16 guides.
The guides are expected to cover a range of project management issues,
including risk management and contingency funding, with one guide
providing direction on the management of EM cleanup projects. In
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addition to the guides, as part of an EM-wide effort to improve project
performance, EM has issued 18 recommended priority actions that contain
additional EM-specific requirements for cleanup projects. It is unclear
whether the guides and priority actions are expected to supplant all other
guidance, or whether they will adequately address the challenge project
managers face in determining the most up-to-date, comprehensive
guidance to be followed.

DOE Recently Changed
Expectations for Cleanup
Projects’ Performance

According to EM senior managers, EM cleanup projects are significantly
different from DOE’s construction projects in a number of ways. That is, it
is harder in many instances to clearly define up-front requirements for
cleanup projects, and there are more unknowns, especially since some of
these projects are the first of their kind, with undefined scopes of work
and significant risks scheduled many years into the future. Because of
these differences and because it has said changing budget priorities may
affect funding over time, DOE recently changed its performance goal—the
amount of work to be accomplished and the cost margin for
accomplishing that work—for EM cleanup projects to reflect a much
larger margin of error than the performance goal set for construction
projects.

Before 2008, a major cleanup project was measured against the same goal
as a construction project: achieve at least 100 percent of the scope of work
in its baseline with less than a 10 percent cost increase over the life of the
project.” However, EM’s current cleanup project performance goal applies
only to the near-term baseline, and the projects now are considered to be
successful if they achieve at least 80 percent of the scope of work in their
near-term baselines with less than a 25 percent cost increase. The new
performance goal permits up to 20 percent of the scope of work to be
deferred from the near term to out years, which creates a substantially
greater risk that life cycle costs will continue to increase and that
completion dates will be delayed. As a result, for example, under this goal
the four major projects each expected to cost more than $2 billion in the
near term could increase their costs by $500 million each over that period
and be considered successful. Furthermore, because a directed change—
defined as a change caused by DOE policy, or regulatory or statutory

As previously reported in GAO-07-518, in 2004 DOE began reporting performance
information for EM cleanup projects against the same goal as the line-item construction
projects. In late 2005, however, DOE switched to reporting performance only for those
projects with validated cost and schedule baselines.
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actions—already exempts projects from meeting the performance goals,
creating a less stringent goal for EM cleanup projects further waters down
the impact of having a performance goal in the first place. By lowering
expectations for adhering to near-term baselines, DOE inadvertently may
be creating an environment in which large increases to project costs
become not only more common, but accepted and tolerated.

DOE Is Undertaking

Efforts to Implement
Project Management
Improvements

EM is undertaking a number of efforts to improve its project performance
and address long-standing problems. One such effort is EM’s “Best-in-
Class” Project Management Initiative through which EM leadership has
committed to improving project performance. Under the initiative, EM
contracted with the Army Corps to assess the current status of project
management at EM headquarters and its offices. Using the Army Corps’
analysis, EM identified a set of challenges it faced in executing its mission,
which resulted in the creation of the 18 priority actions for it to undertake
to address the challenges and implement its initiative. Those priority
actions include, among others, completing DOE’s project management
guide, which is expected to bring all project management guidance
documents under one umbrella document; establishing standard reporting
formats for project updates produced by project managers, including
QPRs; implementing new project management software packages,
including those for EVM analysis; and better integrating its project and
contract management activities. EM has developed a set of implementing
steps and a summary of expected benefits for each priority action.
According to EM, 10 of the priority actions are being implemented in fiscal
year 2008, and 5 of those are scheduled to be completed by the end of that
fiscal year. It appears that execution of the priority actions would create
new tools and potentially enhance existing ones in EM’s effort to improve
its cleanup projects’ performance. According to EM, full implementation
of the priority actions will address many EM project management
problems and deficiencies. However, since the actions are still being
implemented, it is too soon to determine their effectiveness.

In addition, EM officials acknowledged that the actions they are
implementing to improve the management of EM’s overall cleanup efforts,
including their Best-in-Class initiative and actions being taken in response
to the 2007 National Academy of Public Administration report have not
been formally documented into a specific, corrective action plan that
includes performance metrics and completion milestones. These officials
agreed that such a comprehensive plan would demonstrate a more
integrated and transparent commitment to improving the management of
EM'’s cleanup projects.
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Conclusions

Recommendations for
Executive Action

Cleaning up the nuclear weapons complex is a technically challenging and
risky business. Even as DOE works to gain control of and better manage
its major nuclear waste cleanup projects, cost increases and project delays
continue to mount. Specifically, life cycle costs for EM’s major cleanup
projects have increased by cumulative $25 billion over the past few years
and schedules have been extended by a combined total of more than 75
years, primarily because DOE had to adjust the optimistic baselines it
created to accommodate the realities it has encountered at its cleanup
projects.

Given the cost and complexity of the major nuclear cleanup projects, it is
critically important that DOE fully use the tools it has developed—
independent reviews, performance information systems, guidance, and
performance goals—to better ensure that projects stay within established
parameters for scope of work, costs, and schedule. Independent baseline
reviews to ensure that the work promised can be completed on time and
for the estimated cost appear to be a useful planning tool, but the
significant changes that have occurred within years or even months of the
baseline reviews and validations indicate that implementation of these
reviews has fallen short. Furthermore, EM’s site proposals for changes to
cost and schedule baselines, quarterly performance reports, earned value
data analysis and reports, and reports to Congress do not consistently
provide accurate and comprehensive information on the status of projects,
which undermines managers’ and Congress’s ability to effectively oversee
projects and make timely decisions, such as targeting resources to
particular projects or renegotiating cleanup milestones and other contract
conditions. These problems are compounded by the lack of
comprehensive and clear guidance for DOE project managers so that they
consistently implement DOE management policies across the projects and
EM’s recently relaxed performance goals establishing the acceptable
baseline change parameters for major cleanup projects. Although DOE has
identified a number of improvements it intends to make to its project
management approach, it is still in the early stages of implementing these
improvements, making it too soon to assess the effort’s full effect, and it
has not yet formally documented all the improvements in a comprehensive
corrective action plan.

So that DOE can better manage its major cleanup projects and more fully
inform Congress on the status of these projects, we recommend that the
Secretary of Energy direct the Assistant Secretary for Environmental
Management to take the following five actions:
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Include in its budget request to Congress life cycle baseline cost estimate
information for each cleanup project, including prior year costs, estimated
near-term costs, and estimated out-year costs.

Develop an approach to regularly inform Congress of progress and
significant changes in order to improve EM’s accountability for managing
the near-term baseline and tracking life cycle costs. Similar to the
Department of Defense’s Selected Acquisition Reports, which include
annual information on full life cycle program costs, among other things,
EM'’s report, at a minimum should compare estimated near-term and life
cycle scope, cost, and schedules with the original and subsequently
updated baselines, and provide a summary analysis of root causes for any
significant baseline changes.

Expand the content of EM performance reports to describe the
implications of current performance for the project’s overall life cycle
baseline, including the near-term baseline cost and out-year cost estimate,
using, when appropriate, valid earned value data that conform to industry
standards and GAO-identified best practices.

Consolidate, clarify, and update its guidance for managing cleanup
projects to reflect (1) current policy regarding independent baseline
reviews and (2) the results of DOE’s determination of the appropriate
means for calculating and budgeting for contingency so that project
managers can consistently apply it across nuclear waste cleanup sites.

Consolidate all planned and ongoing program improvements, including
those stemming from the Secretary’s contract and project management
root cause analysis corrective action plan, the Best-in-Class initiative, and
the 2007 National Academy of Public Administration report, into a
comprehensive corrective action plan that includes performance metrics
and completion milestones.

Because independent baseline reviews have not always provided
reasonable assurance of the stability of projects’ near-term baselines or
the reasonableness of the life cycle baselines, we recommend that the
Secretary of Energy direct the Director of the Office of Management to
take the following action:

Assess the Office of Engineering and Construction Management’s current
approach and process for conducting baseline reviews of EM cleanup
projects to identify and implement improvements that will better provide
reasonable assurance that project work scope can be completed within
the baselines’ stated cost and schedule. Consider including in the
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Agency Comments
and Our Evaluation

assessment process an analysis of past lessons learned and reasons for
baseline changes, and an assessment of project affordability when
conducting baseline reviews.

We provided a draft of this report to DOE for its review and comment.
DOE agreed with our recommendations but provided some suggested
changes to them, which we incorporated as appropriate.

In addition, DOE provided some specific comments on our draft report.
First, DOE stated that the report should provide a more balanced and
accurate portrayal of EM’s cleanup projects by including descriptions of
ongoing initiatives, a number of which EM launched in recognition of the
need for improvement, as well as providing better context of the
challenges and constraints the department’s cleanup program faces. The
draft report included a brief description of EM’s ongoing initiatives,
including its Best-in-Class effort, and acknowledged many of the key
challenges DOE faces while illustrating the factors contributing to changes
in scope, cost, and schedule for its cleanup projects. We also
acknowledged DOE’s ongoing initiatives and progress in a 2007 report on
project management.” In addition, DOE cited its successes in the cleanup
of Rocky Flats and Fernald as evidence of its project management
accomplishments. We commend DOE on its past performance in
successfully cleaning up these sites, which has resulted in some lessons
learned that DOE can apply to other cleanup efforts, as we reported in
2006.” Nevertheless, we found in this review that DOE has not always
effectively used its management tools to help oversee the scopes of work,
costs, and schedules for its present major cleanup projects.

Second, DOE stated that our draft report appears to confuse the term
“baseline.” It noted that there is only one project baseline—the near-term
baseline approved by EM senior management—for which DOE should be
held accountable. Our use of the term “baseline” in this report conforms to
EM’s guidance documents indicating a project’s “lifecycle baseline” is
composed of its prior year, near-term, and out-year costs. In addition, we
disagree with DOE’s assertion that it should be held accountable only for a
project’s near-term baseline. As we state in this report, since projects
encountering problems have tended to manage those problems by moving
work scope into the out years, the effects of problems occurring today

BGA0-07-518.

39GA0, Nuclear Cleanup of Rocky Flats: DOE Can Use Lessons Learned to Improve
Oversight of Other Sites’ Cleanup Activities, GAO-06-352 (Washington, D.C.: July 10,
2006).
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show up as increases to out-year cost and schedule estimates and not as
increases or delays in a near-term baseline. Therefore, if DOE’s
performance is measured solely on the basis of the near-term baseline,
potentially significant cost and schedule increases would not be accounted
for or transparent.

Third, DOE stated that one of our recommendations—to consolidate,
clarify, and update its guidance for managing cleanup projects to reflect
the results of DOE’s determination of the appropriate means for
calculating and budgeting for project contingency—could be more
specific, and it outlined three contingency options. These options include
(1) increasing the amount of contingency funding for cleanup projects to
an 80 percent confidence level, the level budgeted for construction
projects; (2) creating a general contingency fund available for project
managers at DOE headquarters to dispense as needed to manage project
risks; and (3) continuing with the current approach of not including
contingency funding for cleanup projects in its budget requests—funding
cleanup projects at the 50 percent confidence level—and changing its
recently established performance goal. We recognize that managing
project contingency is an important issue, and in fact note in our report
that DOE’s current approach is a likely contributing factor to cost
increases and schedule delays for EM’s major cleanup projects. While we
did not specifically assess these three options in our report, DOE should
continue to study the lessons learned from managing and budgeting
contingency and select the option that would provide contingency funds in
an expedient manner to better mitigate the impacts of cleanup project
changes while minimizing the amount of unused contingency funding left
over at the end of the fiscal year.

Finally, as part of the explanation of its third option for funding project
contingency, DOE stated that GAO has agreed to its recently established
performance goal—to accomplish at least 80 percent of the scope of work
in the near-term baselines with less than a 25 percent cost increase. GAO
has not agreed to this goal. As we state in this report, we are concerned
with DOE’s new goal given that it is lower than the previous goal for
cleanup projects and that DOE may inadvertently be creating an
environment in which large increases to project costs become not only
more common, but accepted and tolerated.

DOE also provided detailed technical comments, which we have
incorporated into our report as appropriate. DOE’s comments are
reproduced in appendix IV.

We are sending copies of the report to interested congressional
committees, the Secretary of Energy, and the Director of the Office of
Management and Budget. We will make copies available to others on
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request. In addition, the report will also be available at no charge on the
GAO web site at http://www.gao.gov.

If you or your staffs have any questions about this report, please contact me
at (202) 512-3841 or aloisee@gao.gov. Contact points for our Offices of
Congressional Relations and Public Affairs may be found on the last page of
this report. Other staff contributing to the report are listed in appendix V.

%w%éw

Gene Aloise
Director, Natural Resources
and Environment
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Appendix I: Scope and Methodology

To determine the extent to which the cost, schedule, and scope baseline
estimates for the Department of Energy (DOE) Office of Environmental
Management’s (EM) cleanup projects have changed and the key reasons
for these changes, we identified 10 major cleanup projects at 5 DOE sites.
We first identified 9 major cleanup projects with current near-term cost
estimates (usually a 5-year period) above $1 billion, the DOE threshold for
major cleanup projects. In addition, to include those projects that could
potentially become major projects because of cost growth, we reduced the
threshold to $900 million and identified another project, the Richland
nuclear material stabilization and disposition project, which is estimated
to cost between $900 million and $1 billion over the near term. We focused
on these 10 major cleanup projects because of their significant cost—
combined estimated near-term costs of about $19 billion and combined life
cycle costs estimated at more than $100 billion—and because they account
for almost half of EM’s $5.5 billion fiscal year 2009 budget request. (See
app. II for information on these projects.)

To identify the factors that may hinder DOE’s ability to effectively manage
these cleanup projects, we spoke with DOE project directors and
contractor officials and reviewed project management documents for the
10 major cleanup projects we had identified. We conducted site visits to
Idaho National Laboratory, Los Alamos National Laboratory, Oak Ridge
Reservation, Savannah River, and Hanford, and analyzed project
documentation—contracts, policy directives and memoranda, project
management plans, DOE’s Office of Inspector General reports,
independent reviews, project execution plans, risk management plans,
quarterly project reviews, monthly project status reports, earned value
management (EVM) surveillance plans, and project control documents
prepared to guide and control formal changes to the baselines. For our
analysis of projects’ scope, cost, and schedule data, we examined the
initial baselines reported as of the most recent contract award or major
contract modification (which occurred between 2004 and 2007) and
compared these baselines with the updated baselines at the time of our
review. Initial cost baselines are the estimated life cycle costs at the
beginning of the new contract period for operation of the DOE site or
associated projects or the major contract modification or extension, which
typically coincided with the beginning of the projects’ current or previous
near-term baseline. We also calculated the percentages of cost increases
on the basis of constant 2008 dollars to make them comparable across
projects and to show real increases in cost while excluding increases due
to inflation. In addition, because EM now is reporting its life cycle cost and
schedule estimates as ranges, we included these ranges in the report.
However, because the upper ends of these ranges include unfunded
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Appendix I: Scope and Methodology

contingency and EM does not include funding in its budget requests for
this contingency, we report cost increases and schedule delays based on
the lower ends of the ranges.

We also analyzed contractor performance data to determine whether DOE
major cleanup projects are consistently developing and analyzing accurate
earned value data according to industry standards and best practices. We
gathered and analyzed data produced by the EVM system used for one
project at each of the following sites: Idaho National Laboratory, Los
Alamos National Laboratory, and Hanford.' Often, EVM systems differ
depending on how the contractor chooses to implement the EVM
approach. Because of these differences, we gathered and analyzed
information on each EVM system on a case-by-case basis, according to the
structure, reporting format, content, and level of detail, among other
things, unique to each EVM system. We also considered the best practices
developed by GAO for estimating and managing project costs to analyze
the contractor EVM data.

In addition, we spoke with DOE officials from EM and the Office of
Engineering and Construction Management in Washington, D.C., and with
representatives from LMI Government Consulting, which conducts
external independent reviews of the projects for DOE, to obtain their
perspective on how these projects are managed.

Because we and others previously have expressed concern about the data
reliability of a key DOE project management tracking database—the
Project Assessment and Reporting System—we did not develop
conclusions or findings based on information generated through that
system.” Instead, we collected information directly from project site
offices and the contractors.

'We did not analyze the EVM data for the Oak Ridge or Savannah River projects.

2GAO, Cost Assessment Guide: Best Practices for Estimating and Managing Program
Costs, GAO-07-1134SP (Washington D.C.: July 2007).

®GAO, Department of Energy: Further Actions Are Needed to Strengthen Contract
Management of Major Projects, GAO-05-123 (Washington, D.C: Mar. 18, 2005); and Civil
Engineering Research Foundation, Independent Research Assessment of Project
Management Factors Affecting Department of Enerqgy Project Success (Washington, D.C.:
July 12, 2004).
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Appendix I: Scope and Methodology

We provided an interim briefing to the Subcommittee on Energy and Water
Development, House Committee on Appropriations, on the status of our
work on April 3, 2008.

We conducted this performance audit from March 2007 to September 2008
in accordance with generally accepted government auditing standards.
Those standards require that we plan and perform the audit to obtain
sufficient, appropriate evidence to provide a reasonable basis for our
findings and conclusions based on our audit objectives. We believe that
the evidence obtained provides a reasonable basis for our findings and
conclusions based on our audit objectives.
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Appendix II: Information on the 10
Department of Energy Major Cleanup
Projects Reviewed

Project

Project purpose and objective

Solid Waste Stabilization and Disposition,
Idaho National Laboratory, Idaho (PBS
13)

This project will characterize, treat, and ship approximately 64,000 cubic meters of
transuranic waste that will ultimately be stored in the Waste Isolation Pilot Plant in New
Mexico. Transuranic waste is radioactive waste containing more than 100 nanocuries of
alpha-emitting transuranic isotopes per gram of waste with half-lives greater than 20
years, except for high-level radioactive waste. The transuranic waste that must be handled
remotely through protective shielding, because it emits penetrating radiation, will be
treated at the Radioactive Waste Management Complex. The project also will treat and
dispose of a mixed low-level waste backlog and handle on-site low-level waste for
disposal at the complex.

Nuclear Facility Decontamination and
Decommissioning, Oak Ridge
Reservation Tennessee (PBS 40)

The project will decontaminate and decommission approximately 500 facilities and
remediate 160 sites in the East Tennessee Technology Park. This project includes the
park’s two major buildings—the K-25 and K-27 gaseous process buildings—and requires
the contractor to remove processing equipment and excess materials stored in the
buildings, demolish building structures, and dispose of all associated wastes.

Nuclear Material Stabilization and
Disposition, Savannah River Site, South
Carolina (PBS 11)

The project will stabilize and dispose of enriched uranium materials and current and
projected inventories of aluminum-clad spent nuclear fuel in H-Area facilities. It also will
stabilize and dispose of highly enriched uranium solutions, miscellaneous fuels, plutonium
residues, enriched uranium residues, and other materials DOE identifies that remain from
the production of nuclear weapons. The project also will deactivate F-Area and H-Area
facilities; and dispose of special nuclear materials in the K-Area Complex.

Radioactive Liquid Tank Waste
Stabilization and Disposition, Savannah
River Site, South Carolina (PBS 14C)

The project will remove, treat, and dispose of 49 underground storage tanks holding a
total of 37 million gallons of highly contaminated legacy waste This effort includes
pretreating radioactive waste such as sludge and salt waste, vitrifying sludge and high-
level waste at the Savannah River Site’'s Defense Waste Processing Facility, and treating
and disposing of low-level saltstone waste.

Soil and Water Remediation, Los Alamos
National Laboratory, New Mexico

(PBS 30)

The project will identify, investigate, and remediate, when necessary, areas with known or
suspected chemical and radiological contamination attributable to past Laboratory
operations. It will investigate and clean up (as needed) approximately 860 solid waste
management units and areas of concern remaining from the original 2,129 sites spread
over approximately 39 square miles. The protection of surface water and groundwater
resources that may be impacted by these management units and past Laboratory
operations also are within the scope of this project.

Nuclear Material Stabilization and
Disposition, Hanford, Washington (PBS
11)

The project will stabilize, package, and ship (to the Savannah River Site) nuclear materials
and fuels used for the production of plutonium nitrates, oxides, and metal from 1950
through 1989 and now stored primarily in vaults in several facilities. The project will then
clean and demolish the facilities.

Solid Waste Stabilization and Disposition,
Hanford, Washington (PBS 13C)

The project will treat and store spent nuclear fuel, transuranic waste, mixed low-level
waste, and low-level waste generated at the Hanford site and other DOE and Department
of Defense facilities. It eventually will transfer and ship spent nuclear fuel elements and
1,936 cesium and strontium capsules to the proposed geologic repository in Nevada. The
project also will operate, among other things, the (1) Waste Receiving and Processing
Facility to process transuranic waste and low-level waste and (2) Central Waste Complex
to store low-level and mixed-low-level waste and transuranic waste pending final
disposition.
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Appendix II: Information on
the 10 Department of Energy
Major Cleanup Projects
Reviewed

Project

Project purpose and objective

Soil and Water Remediation, Hanford,
Washington (PBS 30)

The project will remediate contaminated groundwater. This effort involves characterizing
the movement of radionuclides and chemicals (carbon tetrachloride, chromium,
technetium-99, strontium, and uranium plumes); assessing the soil and groundwater
characterization results; groundwater and risk assessment modeling; and operation of
groundwater remediation systems among other related actions.

Nuclear Facility Decontamination and
Decommissioning at River Corridor
Closure Project, Hanford, Washington
(PBS 41)

Also known as the River Corridor Closure Project, this project will remediate 761
contaminated waste sites at the Hanford site near Richland, Washington, and
decontaminate, decommission and demolish 379 surplus facilities that are adjacent to the
Columbia River. This project also will dispose of material in the Environmental Restoration
Disposal Facility.

Radioactive Liquid Tank Waste
Stabilization and Disposition, Office of
River Protection, Hanford, Washington
(PBS 14)

The project will retrieve, stabilize, treat, and dispose of 53 million gallons of radioactive
mixed waste stored in 177 underground tanks at the Hanford site. The project also
involves testing and implementing supplemental waste treatment methods; operating the
Waste Treatment Plant; providing interim storage of immobilized waste planned for
disposal in an offsite repository; receiving and disposing of immobilized low-activity waste
on-site in near-surface disposal facilities; and closing tanks and tank farm facilities.

Source: DOE and EM information.
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Appendix III: Current Life Cycle Baselines for
10 DOE Cleanup Projects

Dollars in millions (current year dollars)

Near term® Out years®
Prior Total life

years’ Completion  cycle cost
Project costs Cost Years Cost date range
Solid waste stabilization $1,398 $1,304 2006 — $530 — $900 2016 — 2020 $3,231 —
and disposition, Idaho 2012 $3,954
National Laboratory,
Idaho
Nuclear facility $1,546 $1,518 2008 — NA NA $3,064 —
decontamination and 2017 $3,244
decommissioning, Oak
Ridge Reservation,
Tennessee
Nuclear material $3,631 $2,468 2008 — $3,728 — $4,358 2024 — 2025 $9,827 —
stabilization and 2014 $10,457
disposition, Savannah
River Site, South Carolina
Radioactive liquid tank $4,746 $4,394 2008 - $11,856 — $20,347 2032 - 2034 $20,996 —
waste stabilization and 2014 $29,488
disposition, Savannah
River Site, South Carolina
Soil and water $579 $1,051 2007 — NA NA $1,630 —
remediation, Los Alamos 2015 $2,489
National Laboratory, New
Mexico
Nuclear material $1281 $1,143 2008 — $1,030 — $1,060 2018 — 2019 $3,453 —
stabilization and 2013 $3,490
disposition, Hanford site,
Washington
Solid waste stabilization $1,163 $918 2008 — $11,200 — $12,500 2050 — 2058 $13,281 -
and disposition, Hanford 2013 $14,594
site, Washington
Soil and water $532 $1.128 2008 — $6,400 — $6,600 2050 — 2059 $8,059 —
remediation, Hanford site, 2013 $8,276
Washington
Nuclear facility $1,000 $3,751 2005 - NA NA $4,751 —
decontamination and 2019 $4,910
decommissioning at River
Corridor, Hanford site,
Washington
Radioactive liquid tank $3,474 $2,330 2007 — $38,414 — 5$6,227 2042 - 2050 $44,218 —
waste stabilization and 2012 $62,155

disposition, Hanford site,
Washington

Source: Office of Environmental Management.
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Appendix III: Current Life Cycle Baselines for
10 DOE Cleanup Projects

*Near-term costs represent DOE’s estimated costs based on a 50 percent level of confidence, defined
as the amount of funding needed to provide a 50 percent likelihood that the project will be completed
successfully.

*Out-year values represent DOE’s estimated cost and schedule ranges—the cost range covers the
full out-year period, while the schedule range represents the time during which the project is
estimated to be completed. Costs and schedules at the lower end of the ranges were estimated at the
50 percent level of confidence, while costs and schedules at the upper end of the ranges represent
the 80 percent level of confidence.
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Appendix IV: Comments from the
Department of Energy

Department of Energy
Washington, DC 20585

September 19, 2008

Mr. Gene Aloise

Director of Natural Resources and Environmental
U.S. Government Accountability Office

441 G Street NW

Washington, D.C. 20548

Dear Mr. Aloise:

Thank you for the opportunity to review the draft report on accountability and
management of the Department’s major cleanup projects managed by the
Department of Energy’s Office of Environmental Management (EM). We are in
agreement with the recommendations you have provided, with some suggested
changes, and look forward to reporting in the future on the progress being made.
Detailed comments to the draft report are enclosed. Major comments are
summarized below.

We believe the report should provide a more balanced and accurate portrayal of
EM’s cleanup projects by including descriptions of ongoing initiatives and
actions, a number of which were launched by EM in recognition of the need for
improvement. Additionally, the report should provide better context of the
incredible challenges and constraints the Department’s cleanup program faces and
the difficulties associated with accurate predictions of project cost and schedule
for the EM cleanup projects.

For instance, the Government Accountability Office’s (GAO) conclusion in 2001
(GAO-01-284, Nuclear Cleanup: Progress Made at Rocky Flats, but Closure by
2006 Is Unlikely, and Costs May Increase) states that “Kaiser-Hill and DOE are
unlikely to meet the December 2006 target closure date” for Rocky Flats and yet
this closure date was indeed met by DOE and the Rocky Flats cleanup contractor
Kaiser-Hill. As recommended by the GAO in 2006 (GAO-06-352, Nuclear
Cleanup of Rocky Flats: DOE Can Use Lessons Learned to Improve Oversight of
Other Sites' Cleanup Activities), EM used the lessons learmned from Rocky Flats
for other cleanup efforts across the complex to accomplish extremely successful
cleanups. We won the Project Management Institute award for our prowess in
project management in 2006 and 2007 for the Rocky Flats and Fernald cleanup
projects, respectively.

There appears to be some confusion over the term “baseline”. There is only one
project baseline, the near-term baseline that has Critical Decision-2 approval by
the Acquisition Executive, for which DOE should be held accountable. The

m Prined with soy ink on recyeled paper
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Department of Energy

Decision-1 type range) which is expected to change, often by significant amounts.
For this very reason, DOE no longer expresses lifecycle information on cleanup
projects as a point estimate.

Finally, the issue of how we fund and manage project contingency is critical to our
long-term success and our ability to mitigate impacts of these changes. We
recognize full well that we cannot continue to extend schedules and increase costs
every time risks that have been identified and anticipated in advance occur. Your
fourth recommendation, with regard to contingency, could be more specific.

There are three primary or bounding contingency options as we see it, discussed
further in the attachment:

1. Fund operating cleanup project contingency at 80% confidence level
instead of the current 50%.

If provided over and above current target levels, approximately $500
million (M) to $700M additional funding annually would be required.
However, if risks did not materialize during the budget year, there would
be higher uncosted year-end carryover. However, to plan for this level of
contingency without additional funding would require deferral of lower
priority project scope. To compensate, EM would need to renegotiate
compliance milestones or possibly subject the federal government to fines,
penalties, and lawsuits; renegotiate and possibly terminate contracts, thus
affecting employment; and reprioritize its projects.

2. Request appropriation of a smaller general contingency fund.

The fund (perhaps $100M to $200M annually) would be held, managed,
and distributed by the Assistant Secretary for Environmental Management.
This option would allow more flexibility and expediency in applying funds
where they are needed as risks are realized, and would allow for multi-year
business case decision-making. However, controls would need to be put
in place on EM’s allocation authority during execution so as not to usurp
Congressional authority in appropriations.

3. Continue the current approach of funding 50% confidence levels and
changing the corporate metric for the EM cleanup projects agreed to
by DOE, the Office of Management and Budget (OMB), and GAO.

This approach budgets for contingency at a 50% confidence level for
cleanup projects. When risks not covered at this level materialize, work
scope is shifted to the outyears when funds can be requested in light of
overall program priorities. A 50% confidence level across the EM
portfolio connotes that based on statistical analysis half the projects would
be expected to be completed within the cost and schedule and half would
not. Thus, this current approach appears to be inconsistent with achieving
success in the corporate metric that DOE has agreed to with GAO and
OMB for cleanup projects (established through DOE’s Root Cause
Analysis Corrective Action Plan, July 18, 2008). The metric requires that
90% of the projects in EM’s portfolio at the end of the approved near-term
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baseline period have 80% of the scope completed within 25% of the
original cost.

Any GAO recommendations regarding new strategies are welcomed, given the
regulatory-driven nature and complexity of this work, the sensitivity of life-cycle
costs to relatively small slippages in scope (due to large “hotel” costs), and the
need to deliver on commitments made to our regulators, the Congress, and other
stakeholders.

Again, thank you for your assistance as we seek to improve our management of
cleanup projects. We welcome direct dialogue with you on these issues prior to
finalizing your report. We would also appreciate you including the attached
comments in the final report. If you have any questions with regard to these
comments, please contact me on (202)586-7709, Jack Surash on (202) 586-6382,
or Paul Bosco on (202) 586-3524

Sincerely,

ames A. Rispoll
Assistant Secretary for
Environmental Management

Enclosure

cc: L Triay, EM-2
J. Owendoff, EM-3
J. E. Surash, EM-50
M. Sykes, EM-30
I. Kolb, MA-1
P. Bosco, MA-50
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MEMORANDUM,FOR THiSECRETA RY
regozg

FROM: G H. Friedman
Inspector General

SUBJECT: Special Review of the Yucca Mountain Project ~ Case No. [01HQ005

The effort to identify a suitable site for the disposal of the Nation’s bigh-leve! nuclear waste and spent
nuclear fuel is one of the most sensitive and complex challenges faced by the U.S. Government. Under
the Nuclear Waste Policy Act, as amended in 1987, the Yucca Mountain site in the State of Nevada is
the only site in the United States to be evaluated for this purpose. The Act established a formal, step-
by-step methodology for making this evaluation. For the State of Nevada and all other interested
parties, the process to evaluate Yucca Mountain as the potential repository has enormous implications.
Perhaps paramount among concems cxpressed is that the consideration and evaluation be objective,
and based on sound and unbiased scientific analysis.

In December 2000, U.S. Senator Harry Reid and former Sccretary of Energy Bill Richardson, in
separate letters, requested that the Office of Inspector General determine whether the creation and
circulation of certain decuments during this process reflected bias in the evaluation of the suitability of
Yucca Mountain. Part of this request included concerns that appropriated funds may have been used

improperly for lobbying purposes.

The Office of Inspector General inquiry focused on the authorship, review and‘ distribution of three

documents: (1) multiple versions of the draft Site Recommendation Considera‘tion Report; (2) multiple

versions of the draft Overview to the Site Recommendation Consideration Rep‘ort; and, (3) a 2-page
Note, which was attached to one version of the draft Overview. The Report’s stated purpose was to
*“...describe the results of site characterization, the waste forms to be disposad,‘ the preliminary design

of the repository and the waste packages, and the results of agsessments of pote;:ntial repository

perforrmance.” Additionally, it served to provide “...a basis for public and stakeholder comments to be
considered before any recommendation by the Secretary.”

A summary of our findings follows:

1. We found that there were several statements in the draft Overview and ‘the Note that could be

viewed as suggesting a premature conclusion regarding the suitability of Yucca Mountain
(page 8); and,

2. We could not substantiate the concern that bias compromised the integrity of the site evaluation

process, or that the Department or its contractors considered a formal or informal strategy for

supporting the site characterization recommendation in violation of the|law (page 11).

!




Our conclusions, with respect to the Yucca Mountain evaluation process leading up to and including

the draft Site Recommendation Consideration Report, arc based on interviews of nearly. 200

_ knowledgeable Federal and contractor officials; reviews of thousands of pages of relevant documents;
and, our review of the activitics of the Nuclear Waste Technical Review Board.

We coordinated this matter with the Public Integrity Section of the U.S. Department of Justice, which
advised that the facts presented did not establish a potential violation of the applicable criminal
lobbying statute. ‘

Subsequent to our review of the documents cited above and the compietion of our ficld work, we were
informed that the Department decided that it would not release the Site Recommendation
Consideration Report and the Overview. It is our understanding that the Office of Civilitan Radioactive
Waste Management now intends to issue a document entitled, “Yucca Mountain Scicnce and .
Engineering Report.” The stated purpose of this report is to *...describe the results of scientific and
engineering studies completed to date, the waste forms to be disposed, the repository and waste
package designs, and the results of the most recent assessments of the long-term performance of the

potential repository.”

From the outset, the focus on the Yucca Mountain site as the potential repository for the Nation’s high-
level nuclear waste has been controversial. Based on correspondence received by the Office of
Inspector General, it is fair to observe that, at least in some quarters, public confidence in the
Department’s evaluation of Yucca Mountain has eroded. Under these circumstances, as the
Department moves forward with the evaluation process, including the preparation and issuance of any
new documents, we believe that the Department’s senior managers should take the opportunity to:

(1) re-affirm the commitment to a site suitability evaluation process which is objective, unbiased and
based on the best possible science; and (2) review its internal and contractor processes to ensure that
this objective is faithfully executed.
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I SCOPE AND METHODOLOGY

The objective of our inquiry was ta review allegations of potential bias within U.S, Déparﬁnent of
Energy (Department) and contractor operations during the evaluation of the Yucca Mountain site,
and concerns that appropriated funds may haQe been used improperly for lobbying purposes. The
inquiry focused on the authorship, review and distnibution of three documents: (1) multiple
versions of the draft Site Recommendation Consideration Report; (2) multiple versions of the draft
Overview to the Site Recommendation Consideration Report; and, (3) a 2-page note, which was

atfached to the October 2000 version of the draft Overview.

For the purposes of our review, the word “bias” was defined as an inclination or preference, one
that interferes with impartial judgment. [n this context, the Office of Inspector General developed
working criteria to assist inquiry team members with identifying indicators of possible bias. The

criteria included:

o Possible non-adl_xerenc:e or non-compliance with established statutory, procurement, and
procedural guidelincs;

+ Unsupported or misrepresented information, direction, and positions with respect to specific
issues or the project evaluation as a whole; and,

» Department or contractor formal or informal strategies for supporting, wishout basis, the site

recommendation of Yucca Mountain.

The inquiry involved the review and analysis of numerous documents and the interview of nearly

200 witnesses across 16 states and the District of Columbia. Witnesses included Federal and .
contractor officials from the Department’s Office of Civilian Radieactive Waste Management

(OCRWM), Yucca Mountain Project Office, Office of General Counsel, and national laboratories.

We also interviewed senior personnel from TRW Environmental Safety Systems, Inc. (TRW), and

its subcontractors, each member and selected staff of the Nuclear Waste Technical Review Board,

and senior staff of the Nuclear Regulatory Comunission.



We identified and analyzed legislative, procurement, and procedural guidelines associated with the
cvaluation of Yucca Mountain. We also examined the procedures used by OCRWM and the Yucca
Mountain Project Office for developing and authoring scientific studies and analyticél and process
mode] reports; initiating contract and other procurement related actions; developing and

implementing quality assurance procedures and training; and, developing documents for internal

and external consumption.

The Office of Inspector General did not perform an assessment of the validity of the technical and

scientific analysis generated in association with the site evaluation process.

II.  BACKGROUN D

Under the Nuclear Waste Policy Act of 1982 (Act), the Federal Government assumed responsibility
for providing for the permanent disposal of the Nation's civilian spent nuclear fuel and high-level
defense radicactive waste. The Act adopted geologic disposal as the Nation’s long-term strategy
for managing radioactive wastes. [t also created OCRWM within the Department and charged the

Secretary of Energy with the siting, construction and operation of potential repositaries for the

disposal of this waste.

In 1987 the Act was amended, and the Department was directed to focus on Yucca Mountain to
determine its suitability as the sole candidate for the repository. The amendment to the Act also
‘established the Nuclear Waste Technical Review Board as an independent Federal agency, to

evaluate the technical and scientific validity of the Department’s efforts to study Yucca Mountain,

According to Section 114 of the Act, the Secretary of Energy is required to hold public site
consideration hearings in the vicinity of Yucca Mountain at such time that the site is being
considered for potential recommendation to the President of the United States. The Act establishes
that the Secretary may consider recommendation of the site upon completion of site characterization
and consideration hearings. If, upon completion of the hearings, the Secretary decides to
recommend approval of the site to the President of the United States, the Secretary must notify the

Govemnor and Legislature of the State of Nevada of the propesed decision. The Secretary must wait



30 days following notification to Nevada officials to submit a Site Recommendation Report to the
President recommending approval of the site. If the President recommends the site to the U.S,
Congress, and the site is approved, the Department may then appiy to the Nuclear Regﬂlatory

Commission for a license to construct a repository at the site.

In May 1996, the Department initiated a 5-year program of work to support a decision by the

Secretary by 2001, on whether or not to recommend Yucca Mountain as the repository site.

In 1999, OCRWM initiated development of the Site Recommendation Consideration Report, which
is not mandated by the Act. TRW had primﬁry responsibility for producing the report, and
supporting data were comp_iled and watten by assorted Department, contractor, national laboratory
and other Gavernment personnel.  According to Fiscal Year 2000 th:ough'ZOOE guidance from the
Department to TRW, in preparation for the site recommendation consideration hearings, a report
will be developed to inform the public, the States, affected Indian tribes, and other stakeholders.
The guidance further states that mformation in volumes [ and 2 of the report will be com'piléd and
be subject to public review and comment. According to the Site Recommendation Consideration
Report, it serves to “...describe the results of site characterization, the waste forms 10 be disposed,
the preliminary design of the repository and the waste packages, and the results of assessments of
potential repository performance. The information presented here provides a basis for public and

stakeholder comments to be constdered before any recommendation by the Secretary.”

The Department and its contractors prepared annotated outlines jointly in the initial stages of the
Site Recommendation Consideration Report’s dc.veiopmcnt, denoting the content and format of its
various sections. The authors of these sections referred to compiled scientific and technical data
when writing the Site Recommendation Consideration Report. Reviewers, separate and apart from

the authors, identified errors in the sections and indicated where additional information was

required or recommended.

The Site Recommendation Consideration Report initially consisted of two volumes, intended to
describe the technical information pertaining to Yucca Mountain for use by the public and

government officials during considcration hearings. A third volume was added to address concerns



by the Nuclear Waste Technical Review Board and athers over remaining uncertataties as the
program moved toward possible sitc recommendation. The Office of Inspector General was
. informed that the Site Recommendation Consideration Report was developed using seven key-

supporting documents, including:

s Analysis and Modeling Reports;

* Process Model Reports;

« Repository Safety Strategy;

» System Description Documents;

o Preliminary Pre-closure Safety Evaluation;
. ‘Total System Performance Assessment; and,

¢ Yucca Mountain Site Description,

In 2000, OCRWM initiated development of the Overview to the Site Recommendation
Consideration Report. The Department tasked TRW to produce the Overview. TRW, in tumn,
assigned the writing of the Overview to JK Research Associates, Inc. According to Fiscal Year
2001 guidance from the Department to TRW, “The ncccssirj( of the {Site Recommendation
Consideration Report] overview is defined by the nced to summarize and explain the basis for the
Secretary of Energy’s consideration of a possible recommendation....” The Fiscal Year 2001
Statement of Work for JK Research Associates included generall direction to develop an QOverview
of approximately 50 pages that summarizes the information in volumes | and 2 of the Site
Recommendation Consideration Report. According to page one of the Overview, it “.. summarizes
information presented in the Site Recommendation Consideration Report and other technical
reports, and provides additional information about U.S. policy on disposing of the nation’s nuclear
waste. The Overview and the Report are intended to serve as the basis for public comment on the

Secretary’s consideration of the Yucca Mountain site.”

Bascd on timelines developed during our review, we found that the Overview underwent
approximately 18 draft revisions. Senior officials told us that the draft revisions were sent

internally to Department, contractor, and Nuclear Waste Technical Review Board representatives

for review and comment.



We were informed at the initiation of the Office of Inspector General inquiry that a decjsion to
release the Site Recommendation Consideration Report and the Overview would be held in
abeyance pending completion of our review, while activities relating to the evaluation of Yucca

Mountain would continue.

1. FINDINGS

A We found several written statements in key Yucca Mountain evaluation documents that
could be considered by an impartial observer ro be prematurely conclusive, or

inappropriately advacating a position by, the Department or its contractors.

Two of these statements were found in the “Note to Reviewers of the [Site Recommendation
Consideration Report] Overview,” which was written by JK Research Associates and attached to'a
draft of the “Yucca Mountain Site Recommendation Consideration Report: Overview.” We
learned that the Note appeared only with the October 2000 draft, and had not been included in any

prior or subsequent versions. The statements are as follows:

“To resolve the question of the appropniate tone for the Overview, we have assumed that the
‘author’ is the OCRWM Director and that the purpose of the docurnent is to convey the
Director’s recommendation that the Secretary recommend the site. Therefore, the Overview
makes a convincing case that Yucca Mountain is a technically suitable site for a repository,
though a formal suitability finding will not have been made.”

“...the primary message is that [the Department of Energy] has a comprehensive plan to sotve
the nation’s nuclear waste problem and that a Yucca Mountain repository is the key component
in that comprehensive solution.™ '

Other questionable statements were found in the December 2000 version of the draft Overview,

with similar language appearing in the October and November versions. They are as follows:

“Based on over 20 years of scientific and engineering work, [the Department of Energy]
believes that a repository can be safely constructed and operated at the Yucca Mountain site in 2
manner consistent with the safety standards proposed by [the Environmeatal Protection Agency]
and the licensing requirements proposed by [the Nuclear Regulatory Cornmission].”



“All of the evidence to date indicates that Yucca Mountain is an appropriate site for a repository
that can achieve the purposes ol the [Nuglear Wastc Policy Act].”

Contrary to the appérent message conveyed in the statements, the purpose of the Overview was to
- summarize information in the Site Recommendation Consideration Report and other technical

reports, and provide additional information about U.S. policy on disposing of the nation’s nuclear
waste. The Overview, along with the Site Recommendation Consideration Report, is intended to

serve as the basis for public comment on the Secretary’s consideration of the Yucca Mountain site.
p ry

The Act requires that the Scerctary hold public hearings in the vicinity of the Yucca Mountain site
for purposes of informing the residents of the area and receiving their comments regarding -
consideration of a possible recommendation of the site. If upon completion of the hearings the -
Secretary decides to recommend approval of the sitc to the President of the United States, the
Secretary must notify the Governor and Legisiature of the State of Nevada of the proposed decision.
The Secretary must wait 30 days following notification to Nevada officials to submit a Site

Recommendation Report to the President recommending approval of the site.

In the context of the statutorily mandated process described above, we concluded that a fair reading
of the draft Overview suggests a premature position supporting a recommendation to the President,
prior to public hearings and notification of Nevada officials and receipt of their comments. We
leamed that Depa-rtmen.t and contractor representatives provided feedback to JK Research
Associates at various stages of the Overview's revision. Available evidence confirmed that JK
Research Associates was advised that the draft Overview contained statements that were
inappropriately conclusive. The Office of Inspector General did not {ind similar statements in the

draft Site Recommendation Consideration Report.

When interviewed, JK Research Associates informed the Office of Inspector General, in part, that
the purpose of the Overview was to provide a broad audience with a brief summary of the technical
information presented in the Site Recommendation Consideration Report and other reports, in
addition to background information on the program as a whole and related U.S. policy. The

company stated its belief, however, that it would be Airresponsiblc for the Department to issuc the




Site Recommendation Consideration Report and Overview, and request the public’s invoh}e:ment, if

it did not have a reasonable degree of confidence that the site could meet technical requirements.

JK Research Associates added that its intent was not to communicate that the Department or the
Secretary had‘already decided to recommend Yucca Mountain. In support of this assertion, the
following excerpt was identified in the “Note to Reviewers of the [Site Recommendation

Consideration Report} Overview™:

“The purpose of the Overview is to provide the basis for comments by anyone and everyone
who wishes to comment on the Secretary’s consideration of the site. This broader public
audience includes the residents in the vicinity of Yucca Mountain and other interested and
affected parties, including States and Tribes through whose jurisdiction waste will be
transported to a Yucca Mountain repository.” '

Additional support was also found in the December 2000 version of the draft Overview of the Site
Recommendation Consideration Report, which was written by JK Research Associates and included

the following statement:

“The Secretary will hold public hearings in the State of Nevada in 2001 to inform area residents
that recomrmendation of the site is being considered and to receive their comments.”

Concern had also been expressed about the following statement in the “Note to Reviewers of the

[Site Recommendation Consideration Report] Overview™:

“In fact, the technical suitability of the site is less of a concern to Congress, than the broader
issue of whether the nuclear waste problem can be solved at an affordable price in both financial

and pohitical terms.”

When intervicwed; JK Research Associates informed the Office of Inspector General that this
portion of the Note was intended to advisc reviewers that the draft Overview was designed to
provide a broader context beyond technical suitability by also addressing other issues, such as cost,
tfansportation, and community concerns, that are recognized as being imp’brtant considerations in
the final rccommendation decision. JK Research Associates stated its belief that Congress is less

concerned with technical suitability because it has the Nuclear Waste Technical Review Board to

evaluate technical aspeets of the Yucca Mountain site.
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Although this may have been the intent of the drafters, the Office of Inspector General concluded
that this statement could be interpreted as downplaying the relative importance to the Congress of

the technical suitability of Yucca Mountain in a manner inconsistent with the Nuclear Waste Policy

Act.

B. We could not substantiate the concern that bias compromised the integrity of the site
gvaluation process, or that the Department or its contractors considered a formal or

informal strategy for supporting the site characterization recommendation in violation of

the law.

The Office of Inspector General reviewed and analyzed numerous documents and conducted over
200 witness interviews with representatives from the Department’s OCRWM, Yucca Mountain
Project Office, Office of General Counsel, and national laboratories, as well as senior personnel
from TRW and its subcontractars, and the Nuclear Regulatory Commission. We did not, based on
these record reviews and interviews, develop any additional data that would support the concem
that bias compromised the integrity of the site evaluation process, or that a formal or informal

strategy had been developed to support the site characterization recommendation in violation of the

law.

Furthermore, the Qfﬁce of Inspector General interviewed each of the 11 members of the Nuclear
Waste Technical Review Board, and reviewed relevant Board documentation, regarding the issue of
potential bias in the evaluation process. The U.S. Cengress created the Board in 1987 as an
independent agency within the executive branch of the Federal Government. The Board consists of
individuals nominated by the National Academy of Sciences for appointment by the President. The
Board does not direct the activities of the Depariment but, rather, evaluates the technical and
scientific validity of activities undertaken by the Secretary of Energy to characterize Yucca
Mountain for its suitability as a location for a repository. The Board reports its findings,
conclusions and recommendations to the U.S. Congress and the Secretary at least twice annually.

Additionally, the Board has held public hearings in the vicinity of Yucca Mountain and other

11



locations, and has reported the results to the Director of OCRWM. The Board also meets

periodically with Department and contractor officials.

Based on discussions with members of the Board, and a review of its reports to the U.S. Congress
and the Secrétary of Energy that are in the public domain, we leamed that the Board has raised
scientific and technical issues regarding the proposed Yucca M.ountain repository. However, based -
on our direct questioning of the 'Board’s membership, there was no indication that bias

compro:ﬁised the integrity of the Department’s cvaluation of the Yucca Mountain site. Because of
the Board’s independent charter and the distinguished credentials of its membership, this finding
carried significant weight in reaching our overall conclusion regarding the integrity of the Yucca

Mountain evaluation process.
IV.  COORDINATION WITH THE DEPARTMENT OF JUSTICE

Concemns had also been raised to the Office of Inspector General that appropriated funds may have
been used improperly for lobbying purposes. This was based, in part, on a statement in the “Note to
Reviewers of the [Site Recommendation Consideration Report] Overview.” Specifically, JK
Research Associates wrote that the Overview “...provides information that potential supporters can
use in expressing support for a site recommendation” but that “It is not intended to convert those

who oppose a Yucca Mountain repository or any sclution to the nuclear waste problem.”

The Office of Inspector General coordinated with the Public Integrity Section of the U.S.
Department of Justice. The purpose of the coordination was to allow the Department of Justice to
evaluate whether information in the “Note to Reviewers of the [Site Recommendation

Consideration Report} Overview” or the Site Recommendation Consideration Report Overview
constituted a possible violation of the criminal lobbying statute. The Depart:ﬁent of Justice advised

that no vielation had occurred.



Y. OTHER MATTERS

Our review disclosed several additional matters that the Department needs to consider as it proceeds
with the evaluation of the Yucca Mountain site. Specifically, several witnesses were critical ofa

Department or contractor position, report, or pracess relating to Yucca Mountain,

One witness, for instance, stated that he was not aware of any information being misrepresented in
tcchnical documents or Department or contracter bias regarding the evaluation and potential
recommendation of Yucca Mountain. He expressed the belief, however, that more studies should

be conducted in the areas of low-temperature operating conditions and the discovery of

“Chlorine 36.”

A second witness stated his belicf that the Department has not created incentives for people to
question computer modeling assumptions or to “rock the boat.” The witness stated that while the
Department has changed assumptions when given supporting data, two factors must be true before
assumptions will be changed: (1) the cvidence must be unahbiguous, and (2) the resulting change
cannot threaten the program. The witacss had no examples, however, of bias, efforts to cover-up

evidence threatening to the program, or an organizational conspiracy to conceal safety problems at

the site,

Two other witnesses expressed concern over the methodology by which the Site Recommendation
Consideration Report was authored and reviewed. One witness said that the Site Recommendation
Consideration Report’s referencing process denied scientists proper credit for the work they
performed. The other witness advised that during the final stages of preparing the Site
Recommendation Consideration Report, sections of the report were transferred to members of a
contractor Senior Support Team, which made changes without further input from the anthors. The
witness stated his belief that none of the changes were deliberate or significant, and that he was

unaware of any misrepresented or unsupporied information in the Site Recommendation

Consideration Report.
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One of the documnents supporting the Site Recommendation Consideration Report was the
“Repository Safety Strategy” (RSS). The RSS explains the roles that natural and engineered

" systems of a potential Yucca Mountain repository are expected to play in containing radionuclides
within the waste package over a period of thousands of years. The RSS was developed using
formal and approved quality assurance mcasures. The RSS had multiple authors. One witness
expressed concerns that the review schedule for this document was 100 short and that it was not
designed to capture technical errors, While this is an umportant concern, no other witness

interviewed by the Office of Inspector General raised this issue.

We also found that the December 2000 version of the draft Overview was not subjected to the sarme
standards of quality assurance review as the other key documents, The draft Site Recommendation
Consideration Report and supporting documents were subject to a structured quality assurance
process as part of an overall management plan. This process included informational cross-indexing
by non-authors and certifications of content accuracy. The Site Recommendation Consideration
Report had a formal mechanism for tracking reviewer comments and author feedback. The
mechanism, an extensive electronic “storyboard,” is part of a detailed historical record of the

development of the Site Recommendation Consideration Report.

JK Research Associates provided cross-indexced and referenced copies of the November and
December 2000 versions of the draft Overview which had been distributed internally to the
Department, contractors and the Nuclear Waste Technical Review Board for review. We found that
there was no formal mechanjsm for tracking reviewer comments of the various versions of the draft
Overview. The Office of Inspector General was informed that feedback was provided via one-on-

_ one personal discussions, email messages and telephone calls. According to JK Research
Associates, complete electronic mail records were unavailable to the Office of Inspector General
due to a computer malfunction. Consequently, because a complete record of interactions between
the contractor and the reviewers was not available, the Office of Inspector General was unabie to

obtain a complcte, veriflable history of the development of the draft Overview.
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Summary!

his study was initiated by the National Academies to meet what it

perceived to be a national need for an independent, objective, and

authoritative analysis of spent nuclear fuel and high-level radioac-
tive waste transportation in the United States in light of

e The federal government’s program to construct and operate a re-
pository at Yucca Mountain, Nevada, to permanently dispose of the nation’s
spent fuel and high-level waste; and

e The commercial nuclear industry’s program to construct and oper-
ate a facility in Utah for the temporary (interim) storage of spent fuel from
some of its power reactors.

As this study was being completed, the federal government initiated
another program to assess the feasibility of developing an integrated facility
to receive, store, and recycle commercial spent fuel. If executed, these pro-
grams could involve the shipment of large quantities? of spent fuel and

IThis summary provides a brief overview of the findings and recommendations in this
report. A more detailed summary of the findings and recommendations is presented in the
next chapter.

2This report identifies two general types of transportation programs, small-quantity ship-
ping programs and large-quantity shipping programs. While there is no precise quantity
demarcation between these two program types, the former involve shipment on the order of
tens of metric tons of spent fuel or high-level waste, while the latter involve shipment on the
order of hundreds to thousands of metric tons.
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high-level waste over the nation’s railways and roadways for periods of
several decades.

The Committee on Transportation of Radioactive Waste (hereafter
referred to as the committee; see Appendix A) was appointed by the Na-
tional Academies to carry out this study. The original objectives of this
study were to examine the risks and identify key current and future techni-
cal and societal concerns for the transport of spent nuclear fuel and high-
level radioactive waste in the United States. After this study was under way,
its scope was expanded to include a congressionally requested and U.S.
Department of Transportation (DOT) sponsored examination of the proce-
dures used by the U.S. Department of Energy (DOE) for selecting routes for
transporting research reactor spent fuel between its facilities in the United
States. This report provides background information on spent fuel and
high-level waste transportation (Chapter 1) and the committee’s findings
and recommendations with respect to the original study charge (Chapters
2, 3, and 5) and the expanded study charge (Chapter 4).

This report does not examine the security? risks for spent fuel and high-
level waste transportation because of an inability to access classified and
otherwise restricted information. It also does not examine the viability of
temporary storage or permanent disposal sites for spent fuel and high-level
waste, or the risk trade-offs involved in transporting spent fuel and high-
level waste to centralized interim storage or permanent disposal sites versus
leaving them in place at current storage sites. The committee operated
within the constraints of federal policy decisions that have set the nation on
a clear path to transport spent fuel and high-level waste for permanent
disposal. The intent of this study is to improve understanding of the issues
associated with the transportation of spent fuel and high-level waste re-
gardless of their ultimate destination.

A brief summary of the committee’s findings and recommendations is
presented below. Readers are strongly encouraged to examine the full text
of the findings and recommendations in the referenced sections of this
report for additional details.

e The committee could identify no fundamental technical barriers to
the safe* transport of spent fuel and high-level radioactive waste in the
United States. However, there are a number of social and institutional

3Security refers to measures taken to protect spent fuel and high-level waste against sabo-
tage, attacks, and theft while it is in transport.

4Safety refers to measures taken to protect spent fuel and high-level waste during transport
operations from failure, damage, human error, and other inadvertent acts.
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SUMMARY 3

challenges to the successful® initial implementation of large-quantity ship-
ping programs that will require expeditious resolution (see Section 3.2 and
Section 5.1). The challenges of sustained implementation should not be
underestimated.

e Malevolent acts against spent fuel and high-level waste shipments
are a major technical and societal concern, but the committee was unable to
perform an in-depth examination of transportation security because of
information constraints. The committee recommends that an independent
examination of the security of spent fuel and high-level waste transporta-
tion be carried out prior to the commencement of large-quantity shipments
to a federal repository or to interim storage (see Section 5.1).

e Transportation packages® play a crucial role in transportation
safety by providing a robust barrier to the release of radiation and radio-
active material. Current international standards and U.S. regulations are
adequate to ensure package containment effectiveness over a wide range
of transport conditions. However, recently published work suggests that
there may be a very small number of extreme accident conditions involv-
ing very long duration fires that could compromise package containment
effectiveness. The committee recommends that the U.S. Nuclear Regula-
tory Commission (USNRC) undertake additional analyses of very long
duration fire scenarios that bound expected real-world accident condi-
tions as outlined in Section 2.5. Based on the results of these investiga-
tions, the USNRC should implement operational controls and restrictions
on spent fuel and high-level waste shipments as necessary to reduce the
chances that such conditions might be encountered in service.

e The committee strongly endorses the use of full-scale testing to
determine how packages will perform under both regulatory and credible
extraregulatory” conditions. The committee recommends that full-scale
package testing continue to be used as part of integrated analytical, com-
puter simulation, scale-model, and testing programs to validate package
performance. Full-scale testing of packages to deliberately cause their de-
struction should not be required as part of this integrated analysis or for
compliance demonstrations (Section 2.5).

e This report provides quantitative health and safety risk compari-
sons for both normal transport conditions and accidents (Section 3.3). The

SThe committee defines success in terms of the program’s ability, under existing statutes,
regulations, agreements, and budgets, to transport spent fuel and high-level waste in a safe,
secure, timely, and publicly acceptable manner.

6Containers used for the transport of spent fuel or high-level waste, whether loaded or
empty.

7That is, under conditions that exceed those embodied in current regulatory requirements.
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radiological health and safety risks associated with the transportation of
spent fuel and high-level waste are well understood and are generally low,
with the possible exception of risks from releases in extreme accidents
involving very long duration, fully engulfing fires. The likelihood of such
extreme accidents appears to be very small, however, and their occurrence
and consequences can be reduced further through relatively simple opera-
tional controls and restrictions. The committee recommends that transpor-
tation planners and managers undertake detailed surveys of transportation
routes to identify and mitigate the potential hazards that could lead to or
exacerbate extreme accidents involving very long duration, fully engulfing
fires (see Section 3.4).

e The social risks® of spent fuel and high-level waste transportation
pose important challenges to the successful initial implementation of pro-
grams for transporting spent fuel and high-level waste in the United States.
Transportation implementers should take early and proactive steps to es-
tablish formal mechanisms for gathering high-quality and diverse advice
about social risks and their management on an ongoing basis using the
steps recommended in Section 3.4.

The committee also provides several recommendations for improving
current and future programs to transport spent fuel and high-level waste to
a federal repository or to interim storage. Although these recommendations
are directed at DOE and DOT, they would also apply to programs for
shipping commercial spent fuel to private storage.

e DOE’s procedures for selecting routes within the United States for
shipments of foreign research reactor spent fuel appear on the whole to be
adequate and reasonable. DOT routing regulations are a satisfactory means
of ensuring safe transportation, provided that the shipper actively and sys-
tematically consults with the states and tribes along potential routes and
that states follow the route designation procedures prescribed by the de-
partment. The committee recommends that DOT take steps to ensure that
states that designate routes for shipment of spent nuclear fuel rigorously
comply with regulatory requirements that such designations be supported
by sound risk assessments (see Section 4.4).

e The committee strongly endorses DOE’s decisions to ship spent
fuel and high-level waste to the federal repository by mostly rail using
dedicated trains. The committee recommends that DOE fully implement

8Social risks arise from both social processes, which influence peoples’ interactions and
shape their communities, and perceptions, which influence peoples’ behaviors, whether or not
such perceptions are an accurate picture of reality.
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these decisions by completing construction of the Nevada rail spur and
making other necessary arrangements before commencing the large-quan-
tity shipment of spent fuel and high-level waste to the federal repository.
DOE should also examine the feasibility of further reducing its needs for
cross-country truck shipments of spent fuel (see Sections 5.2.1 and 5.2.3).

e DOE should identify and make public its suite of preferred high-
way and rail routes for transporting spent fuel and high-level waste to a
federal repository as soon as practicable to support state, tribal, and local
planning, especially for emergency responder preparedness. DOE should
follow the practices of its foreign research reactor spent fuel transport
program (see Chapter 4) of involving states and tribes in these route selec-
tions (see Section 5.2.2).

e DOE should negotiate with commercial spent fuel owners to ship
older fuel first to a federal repository or to federal interim storage. Should
these negotiations prove to be ineffective, Congress should consider legisla-
tive remedies. Within the context of its current contracts with commercial
spent fuel owners, DOE should initiate transport to the federal repository
through a pilot program involving relatively short, logistically simple move-
ments of older fuel from closed reactors to demonstrate its ability to carry
out its responsibilities in a safe and operationally effective manner (see
Section 5.2.4).

e DOE should begin immediately to execute its emergency responder
preparedness responsibilities defined in Section 180(c) of the Nuclear Waste
Policy Act using the innovative steps recommended in Section 5.2.5.

e DOE, the Department of Homeland Security, DOT, and USNRC
should promptly complete the job of developing, applying, and disclosing
consistent, reasonable, and understandable criteria for protecting sensitive
information about spent fuel and high-level waste shipments. They should
also commit to the open sharing of information that does not require such
protection and should facilitate timely access to such information, for ex-
ample, by posting it on readily accessible Web sites (see Section 5.2.6).

e The Secretary of Energy and the U.S. Congress should examine
options for changing the organizational structure of DOE’s program for
transporting spent fuel and high-level waste to a federal repository to in-
crease its chances for success. The following three alternative organiza-
tional structures, which are representative of progressively greater organi-
zational change, should be examined: (1) a quasi-independent DOE office
reporting directly to upper-level DOE management; (2) a quasi-government
corporation; or (3) a fully private organization operated by the commercial
nuclear industry (see Section 5.3).
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Summary of Findings and
Recommendations

he findings and recommendations from this report are reproduced
in full in this summary. Additional background and supporting
information can be found in the body of the report.

S.1 TRANSPORTATION SAFETY AND SECURITY

Based on its examination of spent fuel and high-level waste transporta-
tion in the United States, the committee developed a principal finding on
transportation safety and a finding and recommendation on transportation
security. These are described in greater detail in Chapter 5, Section 5.1.

PRINCIPAL FINDING ON TRANSPORTATION SAFETY: The com-
mittee could identify no fundamental technical barriers to the safe! trans-
port of spent nuclear fuel and high-level radioactive waste in the United
States. Transport by highway (for small-quantity shipments?) and by rail
(for large-quantity shipments) is, from a technical viewpoint, a low-

1As noted in Chapter 1, safety refers to measures taken to protect spent fuel and high-level
waste from failure, damage, human error, and other inadvertent acts during transport opera-
tions.

2This report identifies two general types of transportation programs, small-quantity ship-
ping programs and large-quantity shipping programs. While there is no precise quantity
demarcation between these two program types, the former involve the shipment on the order
of tens of metric tons of spent fuel or high-level waste, while the latter involve the shipment
on the order of hundreds to thousands of metric tons.
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radiological-risk activity with manageable safety, health, and environmen-
tal consequences when conducted with strict adherence to existing regula-
tions. However, there are a number of social and institutional challenges
to the successful’® initial implementation of large-quantity shipping pro-
grams that will require expeditious resolution as described in this report.
Moreover, the challenges of sustained implementation should not be un-
derestimated.

The wording of this finding is carefully and narrowly constructed and
is focused on the technical aspects of transportation programs and the
conduct of transportation operations. It is predicated on the assumption
that these technical tasks are being carried out with a high degree of care
and in strict adherence to regulations. The finding is also based on an
assessment of past and present transportation programs and would apply
to future programs only to the extent that they continue to exercise appro-
priate care and adhere to applicable regulations.

PRINCIPAL FINDING ON TRANSPORTATION SECURITY: Malevo-
lent acts against spent fuel and high-level waste shipments are a major
technical and societal concern, especially following the September 11, 2001,
terrorist attacks on the United States. The committee judges that some of its
recommendations for improving transportation safety might also enhance
transportation security. The Nuclear Regulatory Commission is undertak-
ing a series of security studies, but the committee was unable to perform an
in-depth technical examination of transportation security because of infor-
mation constraints.

RECOMMENDATION: An independent examination of the security of
spent fuel and high-level waste transportation should be carried out prior to
the commencement of large-quantity shipments to a federal repository or to
interim storage. This examination should provide an integrated evaluation
of the threat environment, the response of packages to credible malevolent
acts, and operational security requirements for protecting spent fuel and
high-level waste while in transport. This examination should be carried out
by a technically knowledgeable group that is independent of the govern-
ment and free from institutional and financial conflicts of interest. This
group should be given full access to the necessary classified documents and
Safeguards Information to carry out this task. The findings and recommen-

3The committee defines “success” in terms of the program’s ability, under existing statutes

prog Y g >
regulations, agreements, and budgets, to transport spent fuel and high-level waste in a safe,
secure, timely, and publicly acceptable manner.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

SUMMARY OF FINDINGS AND RECOMMENDATIONS 9

dations from this examination should be made available to the public to the
fullest extent possible.

The committee was unable to perform this examination because much
of the needed information is either classified or otherwise restricted. There
appears to be sufficient information available, however, to undertake a
substantive review of spent fuel and high-level waste transportation secu-
rity by a cleared group if it is given unrestricted access to the relevant
literature. The cooperation of several federal agencies would be required to
obtain the information necessary to carry out this study.

S.2 TRANSPORTATION RISK

This report provides an examination of two types of transportation
risks: bealth and safety risks and social risks. These risks arise both during
normal transport operations and from accidents involving packages loaded
with spent fuel or high-level waste. The health and safety risks arise from
the potential exposure of transportation workers, as well as other people
who travel, work, or live near transportation routes, to radiation that may
be emitted or released from these packages. Social risks arise from social
processes and human perceptions and can have both direct socioeconomic
impacts and perception-based impacts. The health and safety risks and
social risks are collectively referred to as societal risks in this report.

This report also provides comparisons between health and safety risks
for transporting spent fuel and high-level waste and certain other risks that
confront members of society. Comparisons are provided for both normal
and severe accident conditions in Chapter 3 (see especially Figures 3.3 and
3.4). The committee’s objective in presenting these comparisons is to in-
form readers’ understanding about the risks of spent fuel and high-level
waste transportation, not to persuade readers that such risks are—or are
not—acceptable. Acceptability is a normative judgment; there is no basis in
science for judging the acceptability of transportation risks.

FINDING: There are two potential sources of radiological exposures from
transporting spent fuel and high-level waste: (1) radiation shine* from spent
fuel and high-level waste transport packages under normal transport condi-
tions; and (2) potential increases in radiation shine and release of radioac-
tive materials from transport packages under accident conditions that are
severe enough to compromise fuel element and package integrity. The ra-

“4Radiation emitted from a transportation package containing spent fuel or high-level waste.
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diological risks associated with the transportation of spent fuel and high-
level waste are well understood and are generally low, with the possible
exception of risks from releases in extreme accidents involving very long
duration, fully engulfing fires. While the likelihood of such extreme acci-
dents appears to be very small, their occurrence cannot be ruled out based
on historical accident data for other types of hazardous material shipments.
However, the likelihood of occurrence and consequences can be reduced
further through relatively simple operational controls and restrictions and
route-specific analyses to identify and mitigate hazards that could lead to
such accidents.

RECOMMENDATION: Transportation planners and managers should
undertake detailed surveys of transportation routes to identify potential
hazards that could lead to or exacerbate extreme accidents involving very
long duration, fully engulfing fires. Planners and managers should also take
steps to avoid or mitigate such hazards before the commencement of ship-
ments or shipping campaigns.

The finding that “radiological risks . .. are well understood and are
generally low” is based on a large set of data and studies described in
Chapters 2 and 3. These include the following:

e Rigorous international standards and U.S. regulations for the de-
sign, construction, testing, and maintenance of spent fuel packages;

e  More than four decades of worldwide experience in transporting
spent fuel without a significant release of radioactive materials during an
accident;’ the broad sharing of information on experiences and best prac-
tices by transportation planners, implementers, and regulators through or-
ganizations such as the International Atomic Energy Agency promotes the
continued maintenance of this safety record;

e  Full-scale crash testing of transport packages under severe accident
conditions;

e A series of increasingly sophisticated analytical studies of spent fuel
transport package performance; and

e Reconstructions of the mechanical and thermal loading conditions
from severe accidents that did not involve spent fuel transport to asses how
spent fuel packages would have performed under such conditions.

The finding that spent fuel transportation risks are “generally low” at
present does not necessarily mean that such risks will continue to be low in

SMinor releases have been reported in obsolete packages that are no longer approved for
use for transporting spent fuel (see Table 3.3).
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the future. Future risks depend on a number of factors (e.g., the care taken
in fabricating transport packages and executing transportation operations).
Ongoing vigilance by regulators and shippers will be essential for maintain-
ing low-risk programs in the future, especially during the scale-up and
operation of large-quantity shipping programs.

FINDING: The social risks for spent fuel and high-level waste transporta-
tion pose important challenges to the successful implementation of pro-
grams for transporting spent fuel and high-level waste in the United States.
Such risks, which can result in lower property values along transportation
routes, reductions in tourism, and increased anxiety, have received substan-
tially less attention than health and safety risks, and some are difficult to
characterize. Current research and practice suggest that transportation plan-
ners and managers can take early proactive steps to characterize, communi-
cate, and manage the social risks that arise from their operations. Such
steps may have additional benefits: they may increase the openness and
transparency of transportation planning and programs; build community
capacity to mitigate these risks; and possibly increase trust and confidence
in transportation programs.

RECOMMENDATION: Transportation implementers should take early
and proactive steps to establish formal mechanisms for gathering high-
quality and diverse advice about social risks and their management on an
ongoing basis. The committee makes two recommendations for the estab-
lishment of such mechanisms for the Department of Energy’s program to
transport spent fuel and high-level waste to a federal repository at Yucca
Mountain: (1) expand the membership and scope of an existing advisory
group (Transportation External Coordination Working Group; see Chap-
ter 5) to obtain outside advice on social risk, including impacts and man-
agement; and (2) establish a transportation risk advisory group that is
explicitly designed to provide advice on characterizing, communicating,
and mitigating the social, security, and health and safety risks that arise
from the transportation of spent fuel and high-level waste to a federal
repository or interim storage. This group should be comprised of risk ex-
perts and practitioners drawn from the relevant technical and social science
disciplines and should be convened under the Federal Advisory Committee
Act or a similar arrangement to enhance the openness of its operations. Its
members should receive security clearances to facilitate access to appropri-
ate transportation security information. The existing federal Nuclear Waste
Technical Review Board, which will cease operations no later than one year
after the Department of Energy begins disposal of spent fuel or high-level
waste in a repository, could be broadened to serve this function.
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This finding and recommendation spring from several factors: social
risk is a poorly understood phenomenon; expert opinion frequently differs;
the Department of Energy (DOE) does not, to the committee’s knowledge,
have any precedent to guide its understanding and management of social
risks; and most transportation program staff are not likely to be well ac-
quainted with either theory or practice on this issue. Consequently, the
committee concluded that broad input and advice on social risks will be
essential to the establishment and ultimate success of large-quantity ship-
ping programs to transport spent fuel and high-level waste to a federal
repository or interim storage.

The recommendation outlines pragmatic steps that transportation im-
plementers can take immediately and at relatively low cost to better under-
stand and, working with affected communities, manage the social risks
from their programs. The recommendation is focused primarily on DOE,
but it would also apply to any program for shipping large quantities of
spent fuel to a private interim storage site (e.g., Private Fuel Storage in Utah).

S.3 CURRENT CONCERNS ABOUT TRANSPORTATION OF
SPENT FUEL AND HIGH-LEVEL WASTE

The report examines two current concerns about transportation of
spent fuel and high-level waste in the United States: (1) the performance of
packages used to transport spent fuel and high-level waste under both
normal and extreme mechanical forces and thermal loading conditions; and
(2) the procedures used by DOE to select highway and rail routes for ship-
ping research reactor spent fuel between DOE facilities in the United States.®

S.3.1 Package Performance

Package performance—the ability of a transportation package to main-
tain a high level of containment effectiveness in long-term routine use and
under extreme mechanical forces and thermal loading conditions—is a cru-
cial issue for transportation safety and key to understanding and quantify-
ing transportation risks. Packages used to transport spent fuel and high-
level waste are robust structures typically constructed of steel, lead, depleted
uranium, and(or) concrete to provide structural strength and durability as
well as radiation shielding. The International Atomic Energy Agency (IAEA)
has established safety standards for such packages, and these standards are

6This assessment was requested by the Department of Transportation at the direction of
Congress after the study was under way. The study schedule was extended to allow additional
time for information gathering, deliberation, and expansion of this report to address the
added study charge.
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reflected in regulations (10 CFR Part 71) issued by the U.S. Nuclear Regu-
latory Commission (USNRC). Packages used in the United States must meet
testing requirements in 10 CFR Part 71 involving a free-drop test onto an
essentially unyielding surface, a puncture test, an immersion test, and a
thermal test, all with less than the specified loss of containment effective-
ness. The USNRC permits quantitative analysis, scale-model, and full-scale
testing of packages or package components and comparisons with existing
approved package designs to be used to demonstrate such compliance.
Testing of full-scale packages is not a requirement of the regulations. Some
participants at the committee’s information-gathering meetings asserted
that full-scale testing should be required and that some tests to intentionally
destroy the packages should be carried out, presumably to establish their
ultimate strength.

There is a good deal of quantitative information available on the per-
formance of transportation packages under extreme loading conditions.
This information is derived from analytical, computer modeling, scale-
model, and full-scale testing studies carried out in the United States and
abroad over the past three decades. Additional work is now under way at
the USNRC to examine the effects on package performance of severe acci-
dents and very long duration, fully engulfing fires.

FINDING: Transportation packages play a crucial role in the safety of
spent fuel and high-level waste shipments by providing a robust barrier to
the release of radiation and radioactive material under both normal trans-
port and accident conditions. International Atomic Energy Agency package
performance standards and associated Nuclear Regulatory Commission
regulations are adequate to ensure package containment effectiveness over
a wide range of transport conditions, including most credible accident con-
ditions. However, recently published work suggests that extreme accident
scenarios involving very long duration, fully engulfing fires might produce
thermal loading conditions sufficient to compromise containment effective-
ness. The consequences of such thermal loading conditions for containment
effectiveness are the subject of ongoing investigations by the Nuclear Regu-
latory Commission and other parties, and this work is improving the under-
standing of package performance. Nonetheless, additional analyses and
experimentation are needed to demonstrate a bounding-level understand-
ing of package performance in response to very long duration, fully engulf-
ing fires for a representative set of package designs.

RECOMMENDATION: The Nuclear Regulatory Commission should
build on recent progress in understanding package performance in very
long duration fires. To this end, the agency should undertake additional
analyses of very long duration fire scenarios that bound expected real-
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world accident conditions for a representative set of package designs that
are likely to be used in future large-quantity shipping programs. The ob-
jectives of these analyses should be to

e Understand the performance of package barriers (spent fuel cladding
and package seals);

¢ Estimate the potential quantities and consequences of any releases of
radioactive material; and

e Examine the need for regulatory changes (e.g., package testing re-
quirements) or operational changes (e.g., restrictions on trains carrying
spent fuel) either to help prevent accidents that could lead to such fire
conditions or to mitigate their consequences.

Strong consideration should also be given to performing well-instrumented
tests for improving and validating the computer models used for carrying
out these analyses, perhaps as part of the full-scale test planned by the
Nuclear Regulatory Commission for its package performance study.

Based on the results of these investigations, the Commission should
implement operational controls and restrictions on spent fuel and high-level
waste shipments as necessary to reduce the chances that such fire conditions
might be encountered in service. Such effective steps might include, for
example, additional operational restrictions on trains carrying spent fuel
and high-level waste to prevent co-location with trains carrying flammable
materials in tunnels, in rail yards, and on sidings.

FINDING: The committee strongly endorses the use of full-scale testing to
determine how packages will perform under both regulatory and credible
extraregulatory conditions. Package testing in the United States and many
other countries is carried out using good engineering practices that combine
state-of-the-art structural analyses and physical tests to demonstrate con-
tainment effectiveness. Full-scale testing is a very effective tool both for
guiding and validating analytical engineering models of package perfor-
mance and for demonstrating the compliance of package designs with per-
formance requirements. However, deliberate full-scale testing of packages
to destruction through the application of forces that substantially exceed
credible accident conditions would be marginally informative and is not
justified given the considerable costs for package acquisitions that such
testing would require.

RECOMMENDATION: Full-scale package testing should continue to be
used as part of integrated analytical, computer simulation, scale-model, and
testing programs to validate package performance. Deliberate full-scale

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

SUMMARY OF FINDINGS AND RECOMMENDATIONS 15

testing of packages to destruction should not be required as part of this
integrated analysis or for compliance demonstrations.

S.3.2 Route Selection for Research Reactor Spent Fuel Transport

DOE transports and stores spent fuel from foreign and U.S. research
reactors at two facilities: the Savannah River Site in South Carolina and the
Idaho National Laboratory. Foreign research reactor spent fuel is trans-
ported by ship to the Charleston Naval Weapons Station in South Carolina.
From there it is transported by rail or highway to the Savannah River Site in
South Carolina. Some of these shipments continue onward to the Idaho
National Laboratory using one of three highway routes established by DOE
in consultation with states and tribes. A 2001 shipment of foreign research
reactor spent fuel across one of these routes prompted a congressional
mandate to the Department of Transportation (DOT) for a National Acad-
emies examination of the procedures used by DOE to select routes for
highway and rail shipments of this fuel. That examination was carried out
as part of this study because it is a good example of a current concern for
transporting spent fuel. The committee’s examination of DOE’s routing
practices resulted in the following findings and recommendations.

FINDING: The Department of Energy’s procedures for selecting routes
within the United States for shipments of foreign research reactor spent fuel
appear on the whole to be adequate and reasonable. These procedures are
risk informed; they make use of standard risk assessment methodologies in
identifying a suite of potential routes and then make final route selections
by taking into account security, state and tribal preferences, and informa-
tion from states and tribes on local transport conditions. The Department
of Energy’s procedures reflect the agency’s position (which is consistent
with Department of Transportation regulations) that the states are compe-
tent and responsible for selecting highway routes. For rail route selection,
the Department of Energy’s practice of negotiating routes with carriers in
consultation with states is analogous to its interaction with states on high-
way routing.

RECOMMENDATION: The Department of Energy should continue to
ensure the systematic, effective involvement of states and tribal govern-
ments in its decisions involving routing and scheduling of foreign and DOE
research reactor spent fuel shipments.

FINDING: Highway routes for shipment of spent nuclear fuel are dictated
by DOT regulations (49 CFR Part 397). The regulations specify that ship-
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ments normally must travel by the fastest route using highways designated
by the states or the federal government. They do not require the carrier or
shipper to evaluate risks of portions of routes that meet this criterion. These
regulations are a satisfactory means of ensuring safe transportation, pro-
vided that the shipper actively and systematically consults with the states
and tribes along potential routes and that states follow the route designa-
tion procedures prescribed by the DOT.

RECOMMENDATION: DOT should ensure that states that designate
routes for shipment of spent nuclear fuel rigorously comply with its regula-
tory requirement that such designations be supported by sound risk assess-
ments. DOT and DOE should ensure that all potentially affected states are
aware of and prepared to fulfill their responsibilities regarding highway
route designations.

S.4 FUTURE CONCERNS FOR TRANSPORTATION OF
SPENT FUEL AND HIGH-LEVEL WASTE

The examination of future concerns focused on five operational issues
and one organizational issue related to the federal program for transporting
spent fuel and high-level waste to a repository at Yucca Mountain, Nevada
(Appendix C). Although these recommendations are focused on DOE’s pro-
gram for transporting spent fuel and high-level waste to a federal repository
or interim storage facility, some of them also apply to any large-quantity
shipping program, whether federally or privately operated.

S.4.1 Mode for Transporting Spent Fuel and High-Level Waste
to a Federal Repository

DOE has decided that it will ship spent fuel and high-level waste to a
federal repository using the “mostly rail” option defined in its final Envi-
ronmental Impact Statement (EIS) for Yucca Mountain. DOE estimates
that this option will require 9600 rail shipments and 1100 highway ship-
ments to transport the legally mandated limit of 70,000 metric tons of spent
fuel and high-level waste to the repository. To implement this option, DOE
must construct a 319-mile (~513-kilometer) rail spur in Nevada and may
have to make other infrastructure improvements to provide rail access at
commercial nuclear sites. DOE must also procure a fleet of rail packages
and railcars. If DOE fails to complete these tasks prior to the opening of the
federal repository, legal and contractual obligations to accept spent fuel
may create pressure for it to initiate a large-scale interim shipping program
using trucks.
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FINDING: Transport of spent fuel and high-level waste by rail has clear
safety, operational, and policy advantages over highway transport for large-
quantity shipping programs. The committee strongly endorses DOFE’s selec-
tion of the “mostly rail” option for the Yucca Mountain transportation
program for the following reasons:

e It reduces the total number of shipments to the federal repository by
roughly a factor of five, which reduces the potential for routine radiological
exposures, conventional traffic accidents, and severe accidents (Table 3.8).

¢ Rail shipments have a greater physical separation from other vehicu-
lar traffic and reduced interactions with people along transportation routes,
which also contributes to safety.

e Operational logistics are simpler and more efficient.

e There is a clear public preference for this option.

The committee does not endorse the development of an extended truck
transportation program to ship spent fuel cross-country or within Nevada
should DOE fail to complete construction of the Nevada rail spur or pro-
cure the necessary rail equipment by the time the federal repository is
opened.

RECOMMENDATION: DOE should fully implement its mostly rail deci-
sion by completing construction of the Nevada rail spur, obtaining the
needed rail packages and conveyances, and working with commercial spent
fuel owners to ensure that facilities are available at plants to support this
option. These steps should be completed before DOE commences the large-
quantity shipment of spent fuel and high-level waste to a federal repository
to avoid the need to procure infrastructure and construct facilities to sup-
port an extended truck transportation program. DOE should also examine
the feasibility of further reducing its needs for cross-country truck ship-
ments of spent fuel through the expanded use of intermodal transportation
(i.e., combining heavy-haul truck, legal-weight truck, and barge) to allow
the shipment of rail packages from plants that do not have direct rail access.

S.4.2 Route Selection for Transportation to a Federal Repository

DOE’s program to transport spent fuel and high-level waste to a federal
repository will involve shipments from more than 70 sites in 31 states, most
passing through or near one or more major U.S. metropolitan centers. DOE
did not designate routes for these shipments in its final EIS for Yucca
Mountain but instead plans to make selections about five years before the
federal repository opens. Once DOE selects routes, it may be required to
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undertake selected route infrastructure improvements before any shipments
can be made. It also must decide on safety and security procedures, arrange-
ments for state inspections of shipments, communications and tracking,
emergency responder training, and handling of en route contingencies. Most
of these operations would be carried out by contractors.

FINDING: DOE has not made public a specific plan for selecting rail and
highway routes for transporting spent fuel and high-level waste to a federal
repository. DOE also has not determined the role of its program manage-
ment contractors in selecting routes or specific plans for collaborating with
affected states, tribes, and other parties.

RECOMMENDATION: DOE should identify and make public its suite of
preferred highway and rail routes for transporting spent fuel and high-level
waste to a federal repository as soon as practicable to support state, tribal,
and local planning, especially for emergency responder preparedness. DOE
should follow the practices of its foreign research reactor spent fuel trans-
port program of involving states and tribes in these route selections to
obtain access to their familiarity with accident rates, traffic and road condi-
tions, and emergency responder preparedness within their jurisdictions.
Involvement by states and tribes may improve the public acceptability of
route selections and may reduce conflicts that can lead to program delays.

S.4.3 Use of Dedicated Trains for Transport to a Federal Repository

There has been a long-running controversy in the United States about
whether rail shipments of spent fuel and high-level waste should be carried
out using dedicated trains, which would carry only spent fuel or high-level
waste, or general trains, which would carry other freight in addition to
spent fuel or high-level waste. DOE’s final EIS for Yucca Mountain did not
provide a detailed analysis of the benefits of dedicated trains to support a
decision on this issue. However, a decision by DOE to use dedicated trains
was announced in July 2005.

FINDING: Studies carried out to date on transporting spent fuel by dedi-
cated versus general trains have failed to show a clear radiological risk-
based advantage for either option. However, the committee finds that there
are clear operational, safety, security, communications, planning, program-
matic, and public preference advantages that favor dedicated trains. The
committee strongly endorses DOE’s decision to transport spent fuel and
high-level waste to a federal repository using dedicated trains.
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RECOMMENDATION: DOE should fully implement its dedicated train
decision before commencing the large-quantity shipment of spent fuel and
high-level waste to a federal repository to avoid the need for a stopgap
shipping program using general trains.

S.4.4 Acceptance Order for Commercial Spent Fuel Transport
to a Federal Repository

The Nuclear Waste Policy Act (NWPA) specifies that DOE must accept
spent fuel based on the amount and order in which it was discharged from
owners’ reactors. Each time a commercial nuclear plant discharges fuel
from its reactor, the owner receives an allocation in the “acceptance queue”
to ship an equivalent amount of spent fuel to a federal repository. DOE will
accept commercial spent fuel for shipment to the federal repository starting
at the beginning of the queue and will work its way through the queue
during the planned 24-year life of the transportation program. The NWPA
allows owners to make available to DOE for shipment to the federal reposi-
tory any spent fuel from any of their sites for each of their allocations in the
acceptance queue. There are two exceptions to this requirement: (1) DOE
may accord priority for acceptance of spent nuclear fuel from reactors that
have been permanently shut down; and (2) with the approval of DOE,
owners of spent fuel can exchange positions in the acceptance queue.

The order for accepting commercial spent fuel that is mandated by the
NWPA could require DOE to initiate its transportation program with move-
ments of spent fuel from multiple, geographically dispersed sites. Further, it
gives DOE limited control over the age and radiological content of the fuel
that is provided by owners for transport. Shipping older fuel first would
give DOE a better ability to optimize routing, scheduling, and emergency
responder planning and training, especially during the early phases of the
program.

FINDING: The order for accepting commercial spent fuel that is mandated
by the Nuclear Waste Policy Act (NWPA) was not designed with the trans-
portation program in mind. In fact, the acceptance order prescribed by the
NWPA could require DOE to initiate its transportation program with long
cross-country movements of younger (i.e., radiologically and thermally hot-
ter) spent fuel from multiple commercial sites. There are clear transporta-
tion operations and safety advantages to be gained from shipping older
(i.e., radiologically and thermally cooler) spent fuel first and for initiating
the transportation program with relatively short, logistically simple move-
ments to gain experience and build operator and public confidence.
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RECOMMENDATION: DOE should negotiate with commercial spent fuel
owners to ship older fuel first to a federal repository or federal interim
storage, except in cases (if any) where spent fuel storage risks at specific
plants dictate the need for more immediate shipments of younger fuel.
Should these negotiations prove to be ineffective, Congress should consider
legislative remedies. Within the context of its current contracts with com-
mercial spent fuel owners, DOE should initiate transport through a pilot
program involving relatively short, logistically simple movements of older
fuel from closed reactors to demonstrate the ability to carry out its respon-
sibilities in a safe and operationally effective manner. DOE should use the
lessons learned from this pilot activity to initiate its full-scale transportation
program from operating reactors.

S.4.5 Emergency Response Planning and Training

The transportation of spent nuclear fuel to a federal repository would
utilize the same state and local emergency response capabilities that are in
place to deal with existing materials transport accidents and incidents (see
Appendix C). However, DOE has special responsibilities under the Nuclear
Waste Policy Act for providing technical assistance and funding to states
and tribal nations for training on both routine transportation procedures
and emergency response. DOE will not begin providing such support until
it identifies the routes for shipping spent fuel and high-level waste to Yucca
Mountain.

FINDING: Emergency responder preparedness is an essential element of
safe and effective programs for transporting spent fuel and high-level waste.
Emergency responder preparedness has so far received limited attention
from DOE, states, and tribes for the planned transportation program to the
federal repository. DOE has the opportunity to be innovative in carrying
out its responsibilities for emergency responder preparedness. Emergency
responders are among the most trusted members of their communities.
Well-trained responders can become important emissaries for DOE’s trans-
portation program in local communities and can enhance community pre-
paredness to respond to other kinds of emergencies.

RECOMMENDATION: DOE should begin immediately to execute its
emergency responder preparedness responsibilities defined in Section 180(c)
of the Nuclear Waste Policy Act. In carrying out these responsibilities, DOE
should proceed to (1) establish a cadre of professionals from the emergency
responder community who have training and comprehension of emergency
response to spent fuel and high-level waste transportation accidents and

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

SUMMARY OF FINDINGS AND RECOMMENDATIONS 21

incidents; (2) work with the Department of Homeland Security to provide
consolidated “all-hazards” training materials and programs for first re-
sponders that build on the existing national emergency response platform;
(3) include trained emergency responders on the escort teams that accom-
pany spent fuel and high-level waste shipments; and (4) use emergency
responder preparedness programs as an outreach mechanism to communi-
cate broadly about plans and programs for transporting spent fuel and
high-level waste to a federal repository with communities along planned
shipping routes.

These recommended innovations are also potentially applicable to the
transportation program operated by Private Fuel Storage. The committee
judges that there would be significant benefits to that program in terms of
capacity and public confidence building through early and innovative ac-
tions to support emergency responder preparedness.

S.4.6 Information Sharing and Openness

Some participants at the committee’s information-gathering meetings
expressed concerns that federal agencies, in reaction to the September 11,
2001, terrorist attacks, are withholding information that could help the
public evaluate the safety and security of spent fuel and high-level waste
shipments. The committee itself encountered information restrictions in its
efforts to obtain information on the number of past spent fuel shipments in
the United States.

FINDING: There is a conflict between the open sharing of information on
spent fuel and high-level waste shipments and the security of transportation
programs. This conflict is impeding effective risk communication and may
reduce public acceptance and confidence. Post-September 11, 2001, efforts
by transportation planners, managers, and regulators to further restrict
information about spent fuel shipments make it difficult for the public to
assess the safety and security of transportation operations.

RECOMMENDATION: The Department of Energy, Department of Home-
land Security, Department of Transportation, and Nuclear Regulatory Com-
mission should promptly complete the job of developing, applying, and
disclosing consistent, reasonable, and understandable criteria for protecting
sensitive information about spent fuel and high-level waste transportation.
They should also commit to the open sharing of information that does not
require such protection and should facilitate timely access to such informa-
tion: for example, by posting it on readily accessible Web sites.
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The public has a general right, subject to legitimate privacy and na-
tional security restrictions, to obtain information about government pro-
grams that affect their communities. Some general information is appropri-
ate to share before shipments commence: This includes the reasons for
making the shipments; information about the materials to be shipped; likely
shipping modes; and general shipping time frames. Appropriate post-ship-
ment information includes more details on the shipments, including specific
modes and routes used for the shipments; the timing of shipments and
quantities of materials shipped; accidents and incidents during the ship-
ments; and any resulting response actions.

S.4.7 Organizational Structure of the Federal Transportation Program

The program for transporting spent fuel and high-level waste to a
federal repository is embedded within the DOE’s Office of Civilian Radio-
active Waste Management. This agency is responsible for licensing, con-
structing, and operating the planned repository at Yucca Mountain, Ne-
vada. Certain characteristics of the Yucca Mountain transportation program
will make it exceptionally challenging to carry out successfully. The trans-
portation program

e  Will last for more than two decades;

e Is decentralized and involves a large number of parties in both
government and the private sector over which DOE has limited control;

e Must operate with a high degree of consistency and reliability;

e Has limited flexibility over schedules because of spent fuel accep-
tance requirements; and

e Has limited budgetary control within DOE and is subject to the
annual congressional appropriations process.

The transportation program is unusual in another sense: The commit-
tee knows of no other federal government-run program that has a require-
ment to take ownership of private-sector waste for the purposes of trans-
port and disposal. Such programs are usually private-sector responsibilities.

FINDING: Successful execution of DOE’s program to transport spent fuel
and high-level waste to a federal repository will be difficult given the orga-
nizational structure in which it is embedded, despite the high quality of
many current program staff. As currently structured, the program has lim-
ited flexibility over commercial spent fuel acceptance order (Section 5.2.4);
it also has limited control over its budget and is subject to the annual
federal appropriations process, both of which affect the program’s ability
to plan for, procure, and construct the needed transportation infrastruc-

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

SUMMARY OF FINDINGS AND RECOMMENDATIONS 23

ture. Moreover, the current program may have difficulty supporting what
appears to be an expanding future mission to transport commercial spent
nuclear fuel for interim storage or reprocessing. In the committee’s judg-
ment, changing the organizational structure of this program will improve
its chances for success.

RECOMMENDATION: The Secretary of Energy and the U.S. Congress
should examine options for changing the organizational structure of the
Department of Energy’s program for transporting spent fuel and high-level
waste to a federal repository. The following three alternative organiza-
tional structures, which are representative of progressively greater organi-
zational change, should be specifically examined: (1) a quasi-independent
DOE office reporting directly to upper-level DOE management; (2) a quasi-
government corporation; or (3) a fully private organization operated by the
commercial nuclear industry. The latter two options would require changes
to the Nuclear Waste Policy Act. The primary objectives in modifying the
structure should be to give the transportation program greater planning
authority; greater budgetary flexibility to make the multiyear commitments
necessary to plan for, procure, and construct the necessary transportation
infrastructure; and greater flexibility to support an expanding future mis-
sion to transport spent fuel and high-level waste for interim storage or
reprocessing. Whatever structure is selected, the organization should place
a strong emphasis on operational safety and reliability and should be re-
sponsive to social concerns.

The committee strongly encourages the program to seek expert advice

to learn about and incorporate best industry practices for designing and
operating this transportation system using an integrated systems approach.
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Introduction

he National Academies’ Board on Radioactive Waste Management!

and Transportation Research Board initiated this study to address

what they perceived to be a national need for an independent, objec-
tive, and authoritative analysis of spent nuclear fuel and high-level radioac-
tive waste? transportation in the United States. The objectives of this study
(Sidebar 1.1) were to identify key current and future technical and societal
concerns about the transportation of spent fuel and high-level waste in the
United States and technical and policy options for addressing those con-
cerns and managing transportation risks.

This study also examined the selection of highway and rail routes for
shipping research reactor spent fuel between U.S. Department of Energy
(DOE) facilities in the United States (Sidebar 1.2). This additional examina-
tion was requested by the U.S. Department of Transportation (DOT) at the
direction of Congress3 after the study was under way. With the consent of
the National Academies and the original study sponsors, the schedule for
the study was extended to allow additional time for information gathering,

IThe Board on Radioactive Waste Management was merged with another National Acad-
emies board in early 2005 to form the Nuclear and Radiation Studies Board.

2Also referred to as spent fuel and high-level waste in this report.

3Consolidated Appropriations Resolution, 2003, P.L. 108-7, February 20, 2003, Division I,
Section 334.
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deliberation, and expansion of this report to address this added study
charge.

The “current concerns” referred to in the original study charge (Side-
bar 1.1) are associated with currently operating transportation programs
and with current planning efforts for future transportation programs. The
congressionally mandated charge (Sidebar 1.2) to examine the routing of
research reactor spent fuel is a good example of a concern about a currently
operating program. The “future concerns” referred to in the original charge
are associated primarily with plans to transport spent fuel and high-level
waste for interim storage or permanent disposal (see Section 1.3.2). As
described in some detail in Chapter 5, these future concerns relate primarily
to the difficulties in scaling-up transportation systems from the relatively
small, centralized programs that presently exist for moving small quantities
of spent fuel to the more complex decentralized programs that will likely be

SIDEBAR 1.1 Transportation of Radioactive Waste Study Task

The principal task of this study is to develop a high-level synthesis of key tech-
nical and societal issues for spent fuel/high-level waste transport and to identify
technical and policy options for addressing these issues and managing transporta-
tion risk. The principal focus of this study is on the transportation of spent fuel and
high-level waste in the United States, but the study will draw on international expe-
riences as well as experiences with transporting other waste types. The study
addresses and provides findings and recommendations on the following four ques-
tions:

1. What are the principal risks for transporting (including container handling,
modal transfers, and conveyance) radioactive waste, and how do they compare
with other societal risks? To what extent have these risks been addressed by
previous analyses?

2. At present, what are the principal technical and societal concerns for trans-
porting radioactive waste? To what extent have these concerns been addressed,
and what additional work is needed?

3. What are likely to be the key principal technical and societal concerns for
radioactive waste transportation in the future, especially over the next two de-
cades?

4. What options are available to address these concerns, for example, options
involving changes to planned transportation routes, modes, procedures, or other
limitations/restrictions; or options for improving the communication of transporta-
tion risks to decision makers and the public?
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SIDEBAR 1.2 Transportation Routing Study Task

The principal task of this study will be to assess the manner in which the De-
partment of Energy and its contractors:

(1) Select potential highway and rail routes for the shipment of spent nuclear
fuel from foreign and domestic research nuclear reactors.

(2) Select specific land routes for such shipments.

(3) Conduct assessments, if any, of the risks associated with such shipments.

The following factors will be considered in conducting the assessments in
point (3):

(i) Proximity of routes to major population centers and the risks associated
with shipments of spent nuclear fuel from research nuclear reactors through dense-
ly populated areas.

(i) Current traffic and accident data with respect to the routes under consider-
ation.

(iii) Quality of the roads comprising the routes under consideration.

(iv) Emergency response capabilities along the routes under consideration.

(v) Proximity of the routes under consideration to places or venues (including
sports stadiums, convention centers, concert halls and theaters, and other ven-
ues) where large numbers of people gather.

The assessment should identify deficiencies, if any, in current procedures for
selecting routes that have important potential health or safety consequences. In
making recommendations to address these deficiencies, a clear distinction should
be made between technical and policy considerations. Recommendations should
be directed at competent regulating authorities or the United States Congress.

required to move large quantities of spent fuel and high-level waste to
interim storage or permanent disposal.*

1.1 STUDY PROCESS

Most National Research Council studies are undertaken in response to
requests from federal agencies, the White House, or Congress. In contrast,
the transportation study described in Sidebar 1.1 was self-initiated by the

4This report refers to these two types of programs as small-quantity shipping programs and
large-quantity shipping programs. While there is no precise quantity demarcation between
these two program types, the former involves shipment on the order of tens of metric tons of
spent fuel or high-level waste, while the latter involves shipment on the order of hundreds to
thousands of metric tons.
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National Research Council. Three federal agencies and two not-for-profit
private organizations recognized the importance of this study and provided
the necessary financial support to enable the National Research Council to
carry it out. These organizations are DOE, DOT, U.S. Nuclear Regulatory
Commission (USNRC), Electric Power Research Institute (EPRI), and Na-
tional Cooperative Highway Research Program. The National Academies
also contributed funding to this effort.

The study was carried out using established National Research Council
procedures to ensure its objectivity and freedom from inappropriate influ-
ences of sponsors and other outside organizations. A committee of 16
experts was provisionally appointed by the chair of the National Research
Council to carry out the study. These appointments were finalized after a
careful screening for conflicts of interest and consideration of public com-
ments on committee balance and bias. The committee had diverse expertise
and perspectives, including experts with experience in a variety of transpor-
tation sectors and related technical disciplines. The biographical sketches of
the committee members (Appendix A) illustrate their collective range of
technical and policy expertise.

The committee was responsible for designing and executing this study.
It made an effort to reach out broadly to obtain information and perspec-
tives, and it benefited greatly from the willingness of a large number of
individuals and organizations to share information and viewpoints. The
committee held six information-gathering meetings in different regions of
the country to address its original charge. The committee chose the loca-
tions of its meetings to enhance attendance and participation of interested
individuals and organizations. An additional information-gathering meet-
ing was added to address the congressionally mandated study charge (Side-
bar 1.2). A list of presentations received at these meetings is provided in
Appendix B.

The committee also visited Yucca Mountain and some of the potential
highway and rail routes within Nevada. Subgroups of the committee visited
a spent fuel storage facility at an operating nuclear power plant (Exelon
Nuclear Corporation’s Dresden Plant in Chicago); the Transportation Tech-
nology Center in Pueblo, Colorado, to learn about rail transportation re-
search and development programs; and Germany and the United Kingdom
to learn about European transportation programs.

Open-microphone sessions were scheduled at each of the committee’s
information-gathering meetings so that any interested individual could
speak directly to the committee. The committee also gathered a large
amount of written material, ranging from peer-reviewed scientific articles
to advocacy papers, for use in its deliberations.

The committee established an electronic notification list so that inter-
ested parties could be informed of upcoming meetings. Additionally, the
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committee established a Web site (hitp://www.national-academies.org/
transportationofradwaste) for the study, where copies of the meeting agen-
das and electronic copies of the meeting presentations were posted. This site
allowed visitors to provide feedback to the committee. The National Acad-
emies Press carried out an informal survey of selected government and
nongovernmental organizations to obtain feedback to guide the future de-
velopment of information products from this study.

The committee’s final report was subjected to National Research Coun-
cil peer review before being approved for unlimited public release. The
report was reviewed by 15 people selected by the Report Review Commit-
tee of the National Research Council to provide a diversity of disciplinary
expertise and viewpoints. The reviewers were asked to comment on whether
the report addressed the study charges (Sidebars 1.1 and 1.2) in a fair and
objective manner and whether the findings and recommendations were
supported by fact and analysis. The committee was required by the Na-
tional Research Council to make appropriate revisions to its report to
address those comments.

The report’s findings and recommendations were not provided to the
study sponsors or to the public until the review process had been completed
and the report was approved for release. This is standard National Re-
search Council procedure to ensure that no outside organization is able to
influence the outcome of its studies inappropriately.

The committee heard a wide range of opinions about spent fuel and
high-level waste transportation during its information-gathering meetings.
It was presented with a range of views about the safety and security’ of
spent fuel transportation in the United States and—although it was not
within the purview of the study—about the desirability of a federal reposi-
tory at Yucca Mountain, Nevada, or a centralized interim storage facility in
Utah. It quickly became clear to the committee that there are many indi-
viduals and groups with strongly held “pro” and “anti” positions on issues
related to nuclear technology, and that some of these positions are ex-
pressed in terms of support for or opposition to the transport of spent fuel
and high-level waste. This report is written in the hopes of providing these
individuals and groups with a broad range of factual information and
analyses to enable them to reach their own conclusions about spent fuel and
high-level waste transportation, and also to inform future planning and
decision making by federal agencies and the private sector.

SSafety refers to measures taken to protect spent fuel and high-level waste during handling
and transport from failure, damage, human error, and other inadvertent acts. Security refers
to measures taken to protect spent fuel and high-level waste during handling and transport
from sabotage, attacks, and theft.
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Although this is a technical report, it was written with the intention
that it be accessible to non-experts. The committee has endeavored to keep
the use of technical terms and acronyms to a minimum and to provide clear
definitions when such terms must be used. A glossary of terms and a list of
acronyms are provided in Appendixes D and E, respectively.

1.2 STRATEGY FOR ADDRESSING THE STUDY CHARGES

The original study charge (Sidebar 1.1) was broadly scoped to give the
committee flexibility in carrying out this study. The committee found it
necessary to make several explicit choices to narrow the scope of its charge
to meet the study schedule. In this section, the committee explains these
choices to set readers’ expectations for the remainder of this report.

The original study charge directed the committee to examine the risks
of transporting spent fuel and high-level waste in the United States. Risk is
a multidimensional concept: It includes the health and safety risks that
potentially arise from exposures of workers and members of the public to
radiation from spent fuel and high-level waste transport. Such exposures
can have both short-term and long-term health and safety consequences.
There is another broad class of risks, referred to as social risks, that is
described in this report. Social risks arise from social processes and human
perceptions and can have economic, institutional, and psychological conse-
quences. The health and safety risks and social risks are collectively referred
to as societal risks in the statement of task given in Sidebar 1.1.

The committee examined the health and safety and social risks associ-
ated with spent fuel and high-level waste transportation activities (Chap-
ter 3) in isolation from the larger systems in which they are embedded.
Programs for transporting spent fuel and high-level waste for interim stor-
age or permanent disposal represent the “back ends” of much larger tech-
nological systems: Commercial spent fuel transport represents the back end
of the nuclear electric power generation system of the United States, whose
needs, benefits, and risks are the subject of controversy for some members
of the public; research reactor spent fuel transport represents the back end
of systems that generate scientific and medical benefits for U.S. society; and
defense spent fuel and high-level waste transport represents the back end of
systems that generated plutonium for national defense.

A risk-benefit analysis of spent fuel and high-level waste transportation
within the context of these larger technological systems, although certainly
desirable, would involve the consideration of issues that are well beyond
the scope of this study. Such issues would include, for example, national
energy policy, global climate change, nuclear nonproliferation, and home-
land security. Such an analysis would also have to address the risks and
benefits of transporting spent fuel and high-level waste to interim storage or
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permanent disposal sites versus leaving it at reactor sites for an indetermi-
nate period of time.

While comparisons of the transport versus leave-in-place options are
conceptually simple, the analysis is not. Each of these options involves
different kinds of risks that have different spatial and time-scale dependen-
cies. The transport option involves the transfer of risk across populations
and geographic regions, possibly leading to significant disproportionate
impacts: for example, the transfer of nuclear materials such as spent fuel
from existing storage sites to new storage or disposal sites that did not
previously contain any nuclear materials or activities. Analysis of these
options would also have to consider important secondary effects: The trans-
port of spent fuel and high-level waste, for instance, might result in im-
provements to transportation infrastructure or first-responder training.
These improvements could result in a reduction of other types of hazardous
materials transport risks.

The committee concluded that while such an analysis would be a useful
contribution to the policy process, it could not be carried out in the abstract
but would have to examine real scenarios. Instead, the committee operated
within the constraints of federal policy decisions, beginning with the Nuclear
Waste Policy Act as described in Section 1.3.2, which set the nation on a
clear path to transport spent fuel and high-level waste for permanent dis-
posal. The intent of this study is to enhance the technical and societal bases
for the transportation of spent fuel and high-level waste, regardless of their
ultimate destination.

The committee also decided to focus its examinations on the transport
of spent fuel and to give less attention to the transport of defense high-level
radioactive waste. The committee judged that the transport of spent fuel
posed more important technical and societal challenges because most spent
fuel is generated commercially (see Table 1.1); it is being stored at a large
number of sites across the United States; and it has been transported on the
nation’s road and rail systems for several decades.

Defense high-level waste, on the other hand, is government generated
and owned and is being stored at only four government sites (Figure 1.1),
all of which have direct rail access. High-level waste has radiological prop-
erties similar to spent fuel, especially for fission product inventories, which
are the greatest contributors to potential external radiation doses during
normal transport. However, high-level waste will be transported in an
inert solid form, and the process used to solidify this waste (see Sidebar 1.3)
eliminates the gaseous fission products that are present in spent fuel. Under

6Some long-lived radionuclides, primarily uranium and plutonium, are removed from high-
level waste during reprocessing.
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TABLE 1.1 Inventories of Spent Nuclear Fuel and High-Level Waste in
the United States

Material Approximate Quantity at End of 2005
Commercial spent fuel 54,000 MTHM?
DOE-managed spent fuel? 2433 MTHM
Colorado (Fort St. Vrain) 15 MTHM
Hanford Site 2129 MTHM
Idaho National Lab 277 MTHM
Savannah River 27 MTHM
High-level waste 386,000 cubic meters of unprocessed waste, which

when processed will consist ofd
21,000 cubic meters
58,000 metric tons®
22,000 canisters/

NOTE: MTHM = metric tons of heavy metal.

aThis quantity is an estimate and was obtained by adjusting the 2002 DOE Energy Infor-
mation Administration (DOE-EIA) estimate of 47,023 MTHM to account for spent fuel
discharges during 2003-2005. Those discharges were estimated using the average of the
annual discharges reported by DOE-EIA for the period 1999-2002. The result was rounded
to the nearest 1000 MTHM.

bData from DOE, written communication. Includes production reactor fuel, naval spent
fuel, foreign and domestic research reactor fuel, and DOE-managed commercial spent fuel.

¢Data from DOE (2005a) for Savannah River and written communications to the National
Academies for Hanford and Idaho.

dData on the processed waste from DOE (2002a, Table A-27).

€This is the processed mass of the waste, not MTHM.

fCanisters contain high-level waste that has been processed (vitrified) in glass matrices. The
canisters are 24 inches (60 centimeters) in diameter by 10 or 15 feet (3 to 4.5 meters) in
length. This number is an estimate because only a small fraction of the high-level waste at
DOE sites has been immobilized (see Sidebar 1.3).

current plans, high-level waste will be transported to the federal repository
in the same types of packages used to transport commercial spent fuel, but
high-level waste shipments will comprise fewer than 20 percent of the total
planned number of shipments to the federal repository at Yucca Mountain
under the “mostly rail” option now favored by DOE (see Table 3.8).

The committee describes the high-level waste locations and inventories
and the plans for disposing of it elsewhere in this chapter. It also reviews the
risk estimates for transport of high-level waste to the federal repository as
part of its risk examinations in Chapter 3. The committee judged that its
focused examination of spent fuel transport would likely identify and bound
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FIGURE 1.1 Top: Locations of current spent fuel and high-level waste storage sites, Yucca Mountain, and Private Fuel Storage.
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SIDEBAR 1.3 Spent Nuclear Fuel and
High-Level Radioactive Waste

The nuclear fuel for most commercial reactors consists of pellets of uranium dioxide
surrounded by a zirconium oxide alloy (zircaloy) fuel cladding that is formed into long
rods. These fuel rods are between 3.5 and 4.5 meters in length and are bundled togeth-
erinto fuel assemblies (see figure), each weighing between about 600 and 1500 pounds
(275 to 685 kilograms). The uranium dioxide pellets contain two isotopes of uranium:
About 3 to 5 percent by weight is uranium-235, which sustains the fission chain reaction
in a nuclear reactor, and about 95 to 97 percent is uranium-238, which can capture a
neutron to produce plutonium and other heavy elements (known as actinides). The
fission of uranium-235 and plutonium in an operating reactor generates heat, which is
used to produce steam. This steam drives turbines that produce electricity. The fission
and neutron-capture reactions also convert uranium, plutonium, and other actinides into
nearly 300 other radionuclides in the fuel. These include fission products such as stron-
tium-90 and cesium-137 and actinides such as neptunium-237.

As uranium-235 is consumed by fission reactions in an operating reactor, the fuel
gradually loses its ability to sustain a chain reaction at full power. After a period of
residence in the reactor (typically four to six years for most currently operating reactors),
the fuel is considered to be spent and is removed from the reactor. At the time of dis-
charge from a reactor, a spent fuel assembly typically generates on the order of tens of
kilowatts of heat and radiation doses on the order of thousands of rads per hour (see
Sidebar 3.2) at its surface. It must be cooled and heavily shielded to protect workers
and the public. A person standing next to an unshielded spent fuel assembly could
receive a lethal dose of radiation in a very short time: on the order of minutes for freshly
discharged fuel with a high fission product content. Heat production and radioactivity
diminish with time as shorter-lived radionuclides decay away. However, some longer-
lived radionuclides persist in the spent fuel for hundreds of thousands of years.

High-level radioactive waste is the liquid by-product of the first stage of chemical
reprocessing of spent fuel. Civilian reprocessing of commercial spent fuel is used to
recover the uranium and plutonium in the spent fuel for recycling into fresh fuel. Repro-
cessing of fuel from defense production reactors was used to recover plutonium for use
in nuclear weapons. High-level waste contains most of the radioactive constituents of
the spent fuel except for long-lived radionuclides such as uranium and plutonium. This
liquid waste also contains a variety of organic and inorganic chemicals from processing
operations.

High-level waste is solidified before it can be transported for interim storage or dis-
posal. The current U.S. technology for solidifying high-level waste is vitrification in boro-
silicate glass. High-level waste is processed to reduce its volume and remove chemi-
cals that would interfere with the glass-forming process. This processed waste is mixed
with molten glass, and the mixture is poured into stainless steel canisters and allowed to
solidify (see figure). Twenty-five percent (by mass) or higher waste loadings in the glass
can typically be achieved with current technologies. Like spent fuel, the high-level waste
canisters generate heat and intense radiation fields. They must be heavily shielded to
protect workers and the public.

aAs noted previously, the United States does not currently reprocess commercial spent fuel, but
power-reactor fuel is reprocessed by some other countries.
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together into fuel assemblies
as shown here. These fuel
assemblies are for a boiling
water reactor. Bottom: Canis-
ter of high-level waste from
the West Valley Demonstra-
tion Project. The canister is 2
feet (0.6 meter) in diameter,
10 feet (3 meters) long, and
weighs about 2 metric tons.
SOURCES: Top photo courte-
sy of the Nuclear Energy
Institute. Bottom photo courte-
sy West Valley Nuclear Ser-
vices Company.
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the risks and the technical and societal challenges for transport of high-
level waste.

The committee also did not address the security risks of spent fuel and
high-level waste transportation in this report. Transportation security has
received a great deal of media and public attention since the September 11,
2001, terrorist attacks on the United States. In fact, several presenters at the
committee’s information-gathering meetings highlighted this issue as an
important current concern for transportation of spent fuel and high-level
waste in the United States.

The committee explored the feasibility of including a substantive ex-
amination of transportation security risks in this report. The committee
determined that there is a rich literature in existence that could inform such
an examination. However, much of this literature is classified or otherwise
restricted from public access, and most committee members do not have the
necessary security clearances to access it. At the committee’s request, staff
from the USNRC’s Spent Fuel Project Office provided a classified briefing
to four committee members and one staff member with security clearances.
This briefing provided an overview of current USNRC-sponsored studies to
assess the vulnerability of transportation packages to certain types of ter-
rorist attacks. This briefing confirmed the committee’s initial view that
adequate information exists to undertake a substantive examination.

The committee also requested written guidelines from the USNRC on
the public disclosure of information from these and related vulnerability
studies. Commission staff were supportive of this request but were unable
to provide the necessary guidelines in time for use in this study.” The
committee concluded that, given these information-access difficulties and
the lack of written guidelines for using such information, it could not
provide a substantive examination of transportation security in this report.

As will be discussed in Chapter 3, the committee judged that transpor-
tation security remains a critical technical issue with important societal
implications for spent fuel and high-level waste transportation in the United
States. While the committee could not examine transportation security in
this report, it judged that this issue could be addressed in a substantive
fashion by a future committee if it is given unrestricted access to the classi-
fied literature on this topic.

1.3 BACKGROUND ON SPENT FUEL AND HIGH-LEVEL WASTE

Spent nuclear fuel and high-level radioactive waste (Sidebar 1.3) are the
by-products of commercial nuclear energy generation, defense plutonium

7The guidelines were still under internal review within the Commission when the commit-
tee held its last meeting in July 2005.
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production, and research and medical activities that utilize nuclear reactors
or fission product nuclides. In the United States, these waste by-products
are now being stored at more than 70 sites in 31 states (Figure 1.1). Current
national policy, which is embodied in the Nuclear Waste Policy Act (NWPA;
see Section 1.3.2), calls for these materials to be transported and perma-
nently disposed of in an underground repository that is licensed, con-
structed, and operated by the federal government.® The federal government
is now attempting to site and construct a repository for this purpose at
Yucca Mountain, Nevada (see Figure 1.1). The federal government is also
required by the NWPA to accept ownership of commercial spent fuel for
transport to and disposal in this repository.

While this study is silent on policy decisions related to the storage and
disposal of spent fuel and high-level waste, the decisions themselves are
important to understand because they influence many of the issues that are
addressed in this report. The objective of this section is to provide more
detailed background information on spent fuel and high-level waste, plans
for their long-term disposition, and an overview of the regulations that
govern their transport across the nation’s highways and railways. This
background information will support the more detailed discussions of trans-
portation concerns in subsequent chapters. Knowledgeable readers may
wish to skip this section and turn directly to Chapter 2.

1.3.1 Origin of Spent Fuel and High-Level Waste

The Atomic Energy Act (AEA) of 1954 opened the way for privately
owned companies to build and operate commercial nuclear power plants in
the United States. The nation’s first commercial nuclear power reactor
began operations at Shippingport, Pennsylvania, in late 1957, slightly more
than three years after the AEA became law. Over the ensuing three decades,
more than 100 power reactors were licensed to operate within the United
States. Many more reactors were planned, but their construction was never
realized because of an electrical supply overcapacity and the rapid escala-
tion in nuclear plant construction costs due to increased construction times
and high interest rates.

The development of commercial nuclear reactor designs, siting re-
quirements, and regulation was based on a number of expectations and
requirements. Two of these—situating reactors near populated areas and
reprocessing of nuclear fuel—have had a significant influence on shaping
programs transporting commercial spent fuel and also gave rise to many

8Referred to in this report as the “federal repository.”
9P.L. 83-703, August 30, 1954.
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of the current and future transportation concerns that are addressed in
this report.

Commercial power reactors were designed to meet stringent siting cri-
teria that permitted their construction near power consumers, an important
requirement in the 1960s and 1970s because of technology limitations on
electric power transmission distances.!® Metropolitan sprawl over the past
four decades has greatly increased population densities around many com-
mercial nuclear power plants, especially in the eastern and midwestern
United States. It has also increased population densities along highways and
rail routes, many of which are linked through major cities. Much of the U.S.
commercial spent fuel inventory is now being stored at sites near major
populations, many spent fuel shipments originate from highly populated
areas, and most shipments will pass through population centers on their
way to temporary storage or permanent disposal.

It was also envisioned that the commercial nuclear power industry
would operate under a closed fuel cycle in which spent fuel would be
reprocessed to recover its reusable contents. This could include the recovery
of uranium and plutonium!! for recycling into fresh reactor fuel and other
radionuclides for use in industry, medicine, and research. The liquid waste
product from this operation, high-level radioactive waste, was to be immo-
bilized in solid matrices and eventually disposed of in a permanent reposi-
tory (see Sidebar 1.3). Power plant operators would be required to store
spent fuel on-site in spent fuel pools (see Sidebar 1.4) only for about six
months after its discharge from a reactor. The spent fuel would then be
transported off-site to be reprocessed.

Commercial facilities to reprocess spent fuel were constructed at West
Valley, New York, in the 1960s and Morris, Illinois, in the 1970s (Fig-
ure 1.1). The construction of a third facility at Barnwell, South Carolina,
was eventually withdrawn from the licensing process. The West Valley
facility operated from 1966 to 1972 and reprocessed both commercial and
defense spent fuel. The reprocessing facility at Morris never opened because
of design problems. The facility did, however, accept about 700 metric tons

L0proximity of electrical production to consumption is dictated by electrical generating and
transmission technologies. The U.S. electrical transmission system utilizes mostly alternating-
current circuits so that transformers can be used to control voltages. However, capacitance
build-up in alternating-current transmission lines limits transmission distances to about 300
miles. High-voltage direct-current transmission lines, which allow electrical power to be moved
over longer distances, did not come into common use until the 1970s and are now used
primarily to transmit electricity among different geographic regions of the United States.

HAs described in Sidebar 1.3, plutonium, like uranium-235, can be used as a fuel for
commercial power reactors because it is fissile. That is, it can undergo fission after capturing
a thermal neutron.
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of spent fuel for reprocessing from commercial power plants. That spent
fuel remains in pool storage today.

In early 1977, President Jimmy Carter made a policy decision not to
provide further federal support for reprocessing of commercial spent fuel
because of the perceived risk of diversion of plutonium.!2 This decision was
made to set an example for other nations in the hope that they would
abandon reprocessing. The decision was later reversed in 1981 during the
administration of President Ronald Reagan, but no U.S. commercial repro-
cessing facilities have been constructed as a result of this decision.!3

The decision by President Carter would have far-reaching implications
for the management, transport, and disposal of spent fuel and high-level
waste. Most significantly, it changed the operating basis for the U.S. com-
mercial nuclear power industry to an open fuel cycle in which spent fuel is
discarded rather than recycled.

The Atomic Energy Commission (AEC), the predecessor agency to the
USNRC and DOE, had established a program in the mid-1950s to investi-
gate options for disposing of high-level waste from commercial reprocess-
ing. However, decisions about locating and constructing a disposal facility
were still decades away, and little thought had been given up to that point
to disposing of spent fuel directly. Lacking a near-term disposal option,
power plant operators were forced to make provisions for interim storage
of spent fuel at plant sites.

By the late 1970s, spent fuel pools at the oldest operating commercial
nuclear power plants were approaching their design storage capacities.
Operators were able to increase storage capacities at some plants by replac-
ing the original storage racks, which were designed with open spaces be-
tween fuel storage cells for water circulation, with dense racks that reduced
this open space. This re-racking process allowed plant operators to increase
storage densities in their pools up to about a factor of five (Emit et al.,
2003). This step postponed but did not eliminate the need for additional
spent fuel storage at most commercial nuclear power plants.

To relieve the growing shortage of spent fuel storage space, the com-
mercial nuclear industry also developed “dry” systems for storing spent fuel
that had been out of the reactor for at least five years (Sidebar 1.4). These

12Fresh commercial nuclear fuel typically contains between 3 and 5 percent uranium-235
and 95 to 97 percent uranium-238. In an operating reactor, plutonium-239 is formed when
uranium-238 captures a neutron.

13France, Russia, and the United Kingdom reprocess spent fuel from power reactors, and
Japan is constructing a reprocessing facility. The United Kingdom shut down its facility for
reprocessing oxide fuel (Thorp) in 2005 when a radioactive leak was discovered in one of its
operating cells. It is not clear whether this facility will be ever be restarted. Reprocessing of
metallic (Magnox) fuel continues.
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SIDEBAR 1.4 Spent Fuel and High-Level Waste Storage

Immediately after removal from a nuclear reactor, spent fuel assemblies are
stored in deep water-filled pools called spent fuel pools (see figure). The water
provides radiation shielding and cooling and also captures non-fixed radioactive
material on the external surfaces of the fuel rods. The fuel is stored in racks that
contain neutron absorbers (e.g., boron, hafnium, cadmium) to help prevent critical-
ity events (i.e., self-sustaining nuclear reactions such as those that occur when the
fuel is in the reactor). The pool water is circulated through heat exchangers for
cooling and ion-exchange filters to capture radioactive contaminants.

When a spent fuel pool reaches its storage capacity, the older fuel in the pool
may be moved to other pools or placed into dry casks, as shown in the figure.
These casks are typically constructed of steel and concrete and are designed to be
placed outdoors on reinforced concrete storage pads at reactor sites. The casks
are loaded by placing them directly into the spent fuel pool. Once loaded, the cask
is closed, water is drained out, the fuel is dried, and the cask is filled with an inert
gas. The exterior surfaces of the cask are also decontaminated to remove radioac-
tive materials picked up from the pool water. The cask is moved by cranes and
shielded transport vehicles to the storage pad.

Dry casks provide passive cooling of the spent fuel through a combination of
heat conduction, natural convection, and thermal radiation. Shielding against radi-
ation is provided by the cask materials: Concrete, lead, depleted uranium, or steel
are used to shield penetrating beta and gamma radiation, and polyethylene, con-
crete, and boron-impregnated metals or resins are used to shield neutrons (neu-
trons are created in spent fuel by spontaneous fission and alpha particle inter-
actions). Criticality control is provided by the basket that holds the spent fuel
assemblies within individual compartments in the cask. The basket may contain
boron-doped metals to absorb neutrons.

Standard industry practice is to place in dry storage only spent fuel that has
cooled for five years or more after removal from the reactor. Dry casks are de-
signed for specific types of spent fuel and for specific fuel burn-ups. The latter is a
measure of the degree to which uranium-235 has been utilized in the reactor,
which determines the amount of heat generation and radiation in the spent fuel.
Dry casks are designed either for storage only or for both storage and transport.
The former are referred to as single-purpose storage systems, and the latter as
dual-purpose systems.

Dry cask storage first began in the United States in the mid 1980s and utilized
single-purpose systems. Today, dry storage facilities utilize dual-purpose systems
that are also suitable for rail transport. A large number of designs are available
commercially.

Top: View into a spent fuel pool showing racks for storage of spent fuel. Workers
are manipulating a spent fuel assembly. SOURCE: Nuclear Energy Institute. Bot-
tom: Spent fuel storage (gray) and transportation (white) packages on a storage
pad at a power plant. The smaller photo shows one of the storage packages being
moved to the storage pad. The workers in the figure provide scale. SOURCE:
Southern Company
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systems store spent fuel in large steel and concrete casks designed to be
placed outdoors on reinforced concrete pads at power plant sites. Each cask
can typically store between about 10 and 18 metric tons (11 and 20 short
tons!#) of spent fuel. The first dry cask storage facility was established at
the Surry Nuclear Power Plant (Virginia) in 1986. By 2004, dry storage
facilities had been established at 29 U.S. power plants. This number is
expected to increase in the future, especially if there are further delays in the
construction of a federal repository or if away-from-reactor interim storage
is not licensed or constructed.

Nuclear power plant operators in some states have encountered oppo-
sition from state regulatory agencies and the public to the establishment of
dry storage facilities at their plant sites. Partly as a result, a consortium of
operators (Private Fuel Storage, LLC) was formed to construct and operate
a centralized dry cask storage facility on Goshute tribal lands in the desert
southwest of Salt Lake City (see Figure 1.1) to relieve the growing storage
pressures at plant sites. If constructed, this facility could store up to 40,000
metric tons of commercial spent fuel from multiple power plants. A license
application for this facility was submitted to the USNRC in 1997. On
September 9, 2005, following extensive hearings by the Atomic Safety Li-
censing Board, the Commission found that there were no further adjudica-
tory issues to be resolved. It authorized staff to issue a license to construct
and operate this facility under the conditions in 10 CFR 72.40.1%

The consortium expects to begin shipping spent fuel to this facility
primarily by dedicated train'® before the end of this decade. To ship by
train, however, the consortium must first build a rail line across lands
managed by the federal Bureau of Land Management (BLM). BLM cannot
approve the use of its land for this purpose until the Secretary of Defense
submits a report to Congress that evaluates the impacts of such construc-
tion on military training, testing, or operational readiness.'” Additionally,
the State of Utah strongly opposes this facility and is considering an appeal
or court action to block the licensing decision.

Approximately 54,000 metric tons (60,000 short tons) of spent fuel
were in storage at commercial power plants nationwide at the end of 2005

144 short ton is 2000 pounds (about 900 kilograms); a metric ton is 1000 kilograms.

15Title 10 Part 72 of the Code of Federal Regulations: Licensing Requirements for the
Independent Storage of Spent Nuclear Fuel, High-Level Radioactive Waste, and Reactor-
Related Greater than Class C Waste. Part 72.40 describes the conditions under which a
license can be issued.

16Dedicated trains are trains that transport only spent fuel and high-level waste and no
other cargo. These are described in more detail in Chapter 5.

17This provision was added to the fiscal year 2000 defense bill by a member of the Utah
congressional delegation.
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(Table 1.1). The U.S. commercial nuclear industry generates about 2000
metric tons (2200 short tons) of spent fuel each year, approximately 20
metric tons (22 short tons) from each of the 103 currently operating reac-
tors. Under current U.S. policy, all of this spent fuel will continue to be
stored at power plant sites or at a centralized storage facility such as Private
Fuel Storage, LLC, until it can be transported to a federal repository for
permanent disposal.

The federal government holds substantial inventories of spent fuel and
high-level waste. The government operated defense reactors and reprocess-
ing plants at sites near Hanford, Washington, and Savannah River, South
Carolina, to produce plutonium for nuclear weapons. These facilities oper-
ated into the 1980s and produced more than 100 metric tons of pluto-
nium. The government operated a facility at the Idaho National Labora-
tory!$ to reprocess naval and test reactor spent fuel. As noted previously,
the commercial facility at West Valley, New York, also reprocessed a small
amount of defense spent fuel. The volumes of currently stored high-level
waste from these reprocessing operations are shown in Table 1.1. About
386,000 cubic meters of high-level radioactive wastel? is stored at Han-
ford, Savannah River, and Idaho. Current U.S. policy calls for all of this
high-level waste to be processed by immobilizing it in glass matrices (a
process known as vitrification) and stored on-site until it can be shipped to
a federal repository.

There are also about 2129 MTHM (metric tons of heavy metal) of
defense reactor spent fuel in storage at the Hanford Site. This fuel was
irradiated in one of the plutonium production reactors (the N-reactor) at
that site but was never reprocessed. The fuel, much of which is highly
corroded from decades of storage underwater, is being dried and placed in
storage canisters. It too will eventually be shipped to a federal repository.

The federal government (through DOE) also supplies reactor fuel to
university, government, and foreign research reactors, the latter under the
Atoms for Peace Program.2? Some of this fuel will eventually be returned to
DOE. Foreign spent fuel is being transported from overseas by ship to the

18Formerly named the Idaho National Engineering and Environmental Laboratory.

19This waste was generated from the reprocessing of about 170,000 metric tons of spent
fuel from plutonium production reactors. The original volumes of high-level waste were much
greater. Volume reductions were obtained through various processing methods.

20The Atoms for Peace Program began under the Eisenhower Administration in 1954. The
U.S. government supplied research reactor technology and nuclear fuel to foreign nations that
agreed to forgo the development of nuclear weapons. Research reactors were built in 41
countries. In 1996, DOE issued an Environmental Impact Statement (DOE, 1996a) on the
management of this fuel and issued a Record of Decision (DOE, 1996b) to return this fuel to
the United States for eventual disposal. See Chapter 4.
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Naval Weapons Station in Charleston, South Carolina.2! From there it is
offloaded and transported by either train or truck to the Savannah River
Site, and some is transported onward to the Idaho National Laboratory by
truck. Domestic research reactor spent fuel is being shipped to Savannah
River and Idaho by reactor operators. Additional details on this program
are provided in Chapter 4. Under current U.S. policy, all DOE’s spent fuel
and high-level waste will eventually be disposed of in a federal repository.

The DOE Naval Nuclear Propulsion Program is responsible for manag-
ing spent fuel from the U.S. Navy. This spent fuel is from nuclear subma-
rines, ships, and training reactors belonging to the U.S. Navy. The spent
fuel is offloaded at Navy facilities and shipped by commercial train to a
naval spent fuel storage facility at the Idaho National Laboratory using U.S.
government-owned transport packages and rail cars. The Naval Propulsion
Program also will be responsible for shipping its naval spent fuel to the
federal repository. At the end of 2005, about 19.5 MTHM of naval spent
fuel was in storage at the Idaho site.

Under current U.S. policies, all of the spent fuel and high-level waste in
the United States will be permanently disposed of in a federal repository.
These policies are described in the next section of this chapter.

1.3.2 Disposal of Spent Fuel and High-Level Waste

The AEC began to consider options for disposal of high-level waste in
the early 1950s. Conferences were held in 1954 at Woods Hole, Massachu-
setts, and Washington, D.C., to explore options for disposing of this waste
in the oceans and on land. In 1955, the AEC signed a contract with the
National Academy of Sciences to establish a committee of leading scientists
to conduct additional conferences on methods for disposing of radioactive
waste and to recommend a program of research.

The first AEC-sponsored Academy conference was held at Princeton
University in September 1955 to discuss the land disposal of radioactive
waste. The proceedings from this conference were published in the Na-
tional Research Council report entitled The Disposal of Radioactive Waste
on Land (NRC, 1957). Although the main topic of consideration at this
conference was disposal options, issues related to transportation cost, feasi-
bility, and safety figured prominently in one of the discussions.

Government research on land disposal options continued through the
1970s and culminated in an unsuccessful effort to establish a disposal
facility in a salt cavern near Lyons, Kansas. Attention then shifted to salt

211n the past, one shipment of foreign research reactor fuel was received at Concord Weap-
ons Station in northern California for transport to Idaho National Laboratory. However,
DOE has no plans to receive future fuel shipments at this site.
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disposal in the Delaware Basin in Texas and New Mexico. These investiga-
tions eventually led to the establishment of what was to become the Waste
Isolation Pilot Plant (WIPP) near Carlsbad, New Mexico. This disposal
facility, which is used to dispose of transuranic waste?? from defense pro-
grams, was opened in 1999.23

The slow pace for addressing the waste disposal problem prompted
action from the U.S. Congress in the 1980s. In 1982, Congress passed the
Nuclear Waste Policy Act,2* which established a federal responsibility and a
federal policy for the disposal of spent fuel and high-level waste and a
schedule for siting, constructing, and operating a federal repository. The
NWPA established that the federal government is responsible for disposal
of spent fuel and high-level waste and that the generators and owners of
spent fuel and waste are responsible for paying the costs of such disposal.

The NWPA vests authority with the Secretary of Energy for carrying
out the federal government’s spent fuel and high-level waste disposal pro-
gram, including transportation. It established a Nuclear Waste Fund?’ to
cover the costs of transportation and disposal. It also authorized the Secre-
tary of Energy to enter into contracts with owners of spent fuel and high-
level waste of domestic origin. These contracts allow the Secretary of En-
ergy to take title to spent fuel and waste for transportation and disposal.

The Nuclear Waste Policy Act established a process to identify two
repository sites in different regions of the United States (one in the eastern
or midwestern United States and the other in the western United States) for
disposal of the nation’s spent fuel and high-level waste. After the NWPA
was passed, DOE initiated a screening program that eventually resulted in
the selection of three potential repository sites in the western United States:
Hanford, Washington; Deaf Smith County, Texas; and Yucca Mountain,
Nevada.

In 1987, Congress amended the Nuclear Waste Policy Act. This amended
act directed DOE to terminate its characterization activities at all sites ex-
cept Yucca Mountain. It capped the disposal capacity of Yucca Mountain at
70,000 MTHM (77,000 short tons) until after a second repository is oper-

22Transuranic waste is a by-product of nuclear weapons production activities. It contains
long-lived radioactive transuranic elements such as plutonium in concentrations greater than
100 nanocuries per gram.

23The land withdrawal act for the Waste Isolation Pilot Plant (P.L. 102-579) specifically
prohibits the transport of spent fuel and high-level waste to WIPP or disposal in the WIPP
repository.

24The Nuclear Waste Policy Act of 1982, P.L. 97-425 (January 7, 1983) and amendments
(P.L. 100-203, Subtitle A [December 22, 1987]; P.L. 100-507 [October 18, 1988]; and P.L.
102-486 [October 24, 1992]).

25The Nuclear Waste Fund was established by the U.S. Treasury and is funded through a
1.0 mil (0.1 cent) per kilowatt-hour fee on nuclear-generated electricity (see DOE, 2001a).
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ating. This capacity has been allocated by DOE for disposal of both com-
mercial spent fuel and DOE-owned spent fuel and high-level waste (Ta-
ble 1.2). It also directed DOE to postpone the identification of a site for a
second repository.

After the passage of the amended act, DOE initiated what would ulti-
mately be a 15-year program to characterize the Yucca Mountain site to
determine its suitability to host a repository. In 1998, DOE issued a viabil-
ity assessment for this site in which it concluded (DOE, 1998a, summary,
p. 2) that “Yucca Mountain remains a promising site for a geologic reposi-
tory” and “work should proceed to support a decision in 2001 on whether
to recommend the site to the President for development as a repository.”

In late 2001, then Secretary of Energy Spencer Abraham recommended
to President G. W. Bush that a federal repository be developed at Yucca
Mountain. The President forwarded the recommendation to Congress,
which in July 2002—and over the objections of Nevada—authorized DOE
to submit an application to the USNRC for a license to construct and

TABLE 1.2 Spent Fuel and High-Level Waste Disposal at Yucca

Mountain
Material Quantity? Number of Shipping Sites
Commercial spent fuel 29,000 cubic meters 73 (72 commercial power
63,000 MTHM? plant sites and one
commercial storage facility)
Defense spent fuel and 7000 MTHM From sites shown below
high-level waste
Naval spent fuel 900 cubic meters 1 (INL)
65 MTHM
Other DOE spent fuel® 1000 cubic meters 4 (Hanford, INL, SRS,
2435 MTHM Fort St. Vrain)
High-level waste When processed: 4 (Hanford, INL, SRS,
21,000 cubic meters West Valley)

58,000 metric tons
22,000 canisters

NOTE: INL = Idaho National Laboratory; SRS = Savannah River Site.

aThe quantities of commercial and defense waste listed in this table represent the current
legislated capacity of Yucca Mountain. Quantities are given in terms of volumes and masses.

bMetric tons of heavy metal.

cIncludes defense and research reactor spent fuel.

SOURCE: DOE (2002a, Appendix A).
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operate a repository. DOE planned to submit this application to the USNRC
before the end of 2004 and to begin operating the repository by 2010.

DOE was unable to submit the application in 2004, however, and has
encountered setbacks that could delay its plans to establish a repository at
Yucca Mountain. In 2004, the Federal Court of Appeals for the District of
Columbia struck down part of the Environmental Protection Agency’s
(EPA’s) health and safety standards for Yucca Mountain (Title 40, Part 197
of the Code of Federal Regulations). This remanded standard must be
reissued?® by the EPA before the USNRC can issue a license for Yucca
Mountain. DOE also encountered problems in establishing the database of
information that will be used to support its license application for Yucca
Mountain. The Nuclear Waste Policy Act requires that this database, re-
ferred to as the Licensing Support Network, be established at least six
months before the license application is docketed by the USNRC. DOE
brought this database on-line in 2004, but the USNRC has so far refused to
certify that it is complete.

The Nuclear Waste Policy Act committed the federal government to
begin disposing of commercial spent fuel in the federal repository by Janu-
ary 31, 1998. However, siting such a repository turned out to be a more
arduous process than envisaged by Congress when the NWPA was passed.
After the 1998 deadline passed, commercial power plant operators began
filing lawsuits against DOE to recover the additional costs incurred for
extended on-site storage of spent fuel. The U.S. government settled with
one of the plaintiffs (Exelon Nuclear Power Corp.) in 2004. Sixty cases are
still pending before the courts, and discussions are under way to settle some
of these cases. The Exelon settlement commits the federal government to
pay the utility $80 million immediately, with further annual payments as
costs are incurred for continued storage of spent fuel at its sites. The federal
government will pay Exelon a total of about $300 million if Yucca Moun-
tain opens by 2010, and possibly more if the opening is delayed beyond that
date. Settlement costs for the entire nuclear industry could cost taxpayers?”
billions of dollars. DOE is under pressure from the nuclear industry and
Congress to move forward with Yucca Mountain or establish one or more
centralized interim storage sites to reduce the growing spent fuel inventories
at commercial power plant sites as well as the federal government’s future
monetary liabilities.

The Private Fuel Storage facility could be used as an interim step to-

26The EPA issued a new draft standard for public comment on August 8, 2005. The final
standard had not yet been issued when this report was being finalized for publication in
December 2005.

27Settlements are being paid out of the federal government’s judgment fund, not out of the
Nuclear Waste Fund.
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ward permanent disposal at Yucca Mountain. The facility’s location in
Utah was selected in part because of its proximity to Nevada. Even though
Private Fuel Storage, LLC, is now poised to receive a license from the
USNRUC, it may still face several obstacles to opening. These include oppo-
sition from the State of Utah as well as other states and communities along
likely transportation routes.

1.3.3 Spent Fuel and High-Level Waste Transportation

Small-quantity spent fuel shipping programs have been carried out
routinely by both the federal government and the private sector for several
decades. The primary objective of these programs has been to move spent
fuel to interim storage. The federal agency responsible for government
transport of spent fuel is DOE. This agency has transported foreign re-
search reactor spent fuel, DOE research reactor spent fuel, naval spent fuel,
and commercial spent fuel from some shut-down power reactors (e.g., Three
Mile Island Unit 2) to centralized interim storage sites in South Carolina
and Idaho. University and non-DOE government research reactor opera-
tors have also transported spent fuel to these interim storage sites. Com-
mercial nuclear power plant operators have transported spent fuel between
reactor sites to consolidate storage.

Transportation of spent fuel and high-level waste takes place under a
number of federal, state, and local statutes and regulations.28 The complex-
ity of the regulatory environment is illustrated schematically in Figure 1.2
and in tabular form in Table 1.3. The principal federal regulators are DOT
and the USNRC.2? DOT is responsible for regulating the safety of hazard-
ous material shipments, including radioactive material shipments, under
several statutes, including the Department of Transportation Act (49 USC
1655) and the Hazardous Materials Transportation Act (49 USC 1801-
1812).39 The USNRC is responsible for licensing and regulating the receipt,
possession, transfer, and use of source materials, byproduct materials, and
special nuclear materials (see glossary in Appendix D) under the Atomic
Energy Act (42 USC Chapters 6-8) and the Energy Reorganization Act (42
USC 5841).

28ee Clark County Nuclear Waste Division (2004) for a summary of state requirements
concerning the transportation of radioactive waste.

29Under 10 CFR Part 150, the USNRC retains authority for licensing and regulating spent
fuel storage and transport in USNRC Agreement States. All states retain their authorities for
carrier safety and emergency response as shown in Table 1.3.

30Shipments made for national security purposes by the Department of Defense or DOE
may be exempted from DOT regulations if they comply with the security escort requirements
in 49 CFR 173.7(b).
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FIGURE 1.2 Schematic illustration of the regulatory bases for spent fuel and high-
level waste transportation in the United States. As illustrated by the figure, spent
fuel and high-level waste transport is regulated by the federal government and
states under a number of statutes. SOURCE: Earl Easton, USNRC.

DOT and the USNRC have signed a memorandum of understanding
(MOU) (44 FR 38690, July 2, 1979) that delineates responsibilities for
regulating the transport of radioactive materials. This MOU gives USNRC
the primary responsibility, in consultation with DOT, for the development
of standards and regulations for the design, performance, and inspection of
transportation packages for fissile materials, which include spent fuel and
high-level waste. USNRC also has the primary responsibility for approval
of domestic and foreign package designs used to transport spent fuel solely
within the United States.3! The MOU recognizes the USNRC’s responsibil-
ity for imposing DOT regulations and conducting inspection activities for
shipments of spent fuel by its licensees. In addition, DOT routing regula-
tions (49 CFR 397.101) recognize the USNRC’s responsibility for provid-
ing physical protection requirements for spent fuel shipments.

31While DOT has the responsibility for approving packages for import and export ship-
ments, it relies on USNRC’s review under the MOU as the basis for approving or revalidating
the use of foreign-designed spent fuel packages.
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TABLE 1.3 Principal Responsibilities for Spent Fuel and High-Level
Waste Transportation in the United States

USNRC Licensee Spent Fuel DOE Spent Fuel
(AEA) (AEA, NWPA)
Foreign

Commercial ~ Research Commercial  Research Naval

Reactors Reactors Reactors Reactors Reactors?
Package USNRC USNRC USNRC DOE and DOE and
approvals and USNRCP USNRCP
inspections
Highway route DOT DOT DOT DOT DOT
selection
criteria®

Carrier safety DOT, states DOT, states DOT, states DOT, states DOTY

Emergency Federal, Federal, Federal, Federal, Federal,

response state, tribal, state, tribal, state, tribal, state, tribal, state, tribal,
and local and local and local and local and local
governments governments governments governments governments

Route security USNRC USNRC DOE DOE and DOE

approval USNRC*¢

Physical USNRC USNRC DOE and DOE DOE

protection USNRC/

NOTE: AEA = Atomic Energy Act; NWPA = Nuclear Waste Policy Act.

aNaval Reactors has voluntarily chosen not to designate shipments of defense-related spent
fuel as national security shipments under 49 CFR 173.7 and instead chooses to comply
voluntarily with DOT regulations.

bDOE secks technical reviews from the USNRC on package designs. The USNRC review
provides the basis for DOT approval of foreign package designs under 49 CFR 171.12 or for
USNRC certification of U.S. package designs.

¢cDOT does not have route selection criteria for rail shipments.

dShipments are subject to the Federal Rail Safety Act, which governs railcars and track.
DOE also voluntarily complies with DOT inspection requirements.

¢DOE has made a practice to seek approval from USNRC under a reimbursable agreement
for the foreign research reactor spent fuel shipments that it handles. USNRC approval is not
required when DOE has title and possession of spent fuel.

DOE is required under the Nuclear Waste Policy Act to follow USNRC prenotification
requirements. These are described in Appendix C.

The MOU recognizes DOT as having the primary responsibility, in
consultation with USNRC, for issuing safety requirements for the transport
of radioactive materials, including labeling of packages; placarding of ve-
hicles; equipment maintenance requirements; carrier personnel qualifica-
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tions; procedures for loading, unloading, handling, and storage during trans-
port; and special transport controls (excluding safeguards controls) for
radiation safety during transport. DOT also has the primary responsibility
for inspecting transportation activities by carriers for both USNRC licensee
and non-USNRC licensee activities (e.g., shipments by DOE and USNRC
Agreement State licensees).

As shown in Table 1.3, responsibilities for regulating the transport of
spent fuel and high-level waste are somewhat different for USNRC licens-
ees’2 and DOE. USNRC licensees are required to use USNRC-certified
packages for domestic shipments or a DOT-certified package for import-
export shipments. DOE has authority under DOT regulations (49 CFR
173.7), unless otherwise specified in law, to certify packages for the domes-
tic transport of its own spent fuel and high-level waste—for example, its
shipments of spent fuel from West Valley to Idaho.

DOE’s import shipments of foreign reactor fuel, unless designated as
national security shipments, must be made in DOT-approved packages.
This could include either a USNRC-certified package, a DOE-certified pack-
age, or a foreign package design that is revalidated by DOT. However,
under a cost-reimbursable agreement, DOE has sought USNRC review of
foreign package designs that can be used as the basis for DOT revalidation.
DOE has also made a policy decision to seek USNRC approval of the
physical protection measures used for its shipments of foreign research
reactor spent fuel. Research reactor shipments are discussed in Chapter 4.
A description of some of the USNRC regulations for package certification
and associated package tests is provided in Section 2.1.

States and local governments also play important roles in spent fuel and
high-level waste transportation. States have an important responsibility for
enforcing DOT highway safety regulations concerning federal motor car-
rier safety and hazardous materials transportation. Highway shipments of
spent fuel and high-level waste are subject to state inspection, and state
enforcement officials can stop and inspect vehicles and inspect the premises
of motor carriers to check for compliance with federal and state require-
ments regarding equipment, documentation, and driver fitness. States can
also require carriers to obtain special permits to operate these vehicles and

32The Atomic Energy Act gives the USNRC the authority to issue licenses to private and
government (except DOE) organizations to possess radioactive materials, conduct operations
involving the emission of radiation, and dispose of radioactive waste. Operators of nuclear
reactors for research and power generation are USNRC licensees since these facilities involve
the emission of radiation and the generation of radioactive materials.
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charge fees for such permits.3? Rail shipments of spent fuel and high-level
waste are not subject to state regulation, but they are subject to inspection
by DOT’s Federal Railroad Administration.

Federal, state, tribal, and local governments and shippers share the
responsibility for emergency response and preparedness. The Federal Emer-
gency Management Agency within the Department of Homeland Security is
responsible for providing a national incident response plan. State, tribal,
and local governments are responsible for providing the first line of govern-
ment response to accidents and incidents within their jurisdictions and can
enlist the assistance of other agencies and organizations as circumstances
require.

More detailed information on responsibilities and regulations is pro-
vided in other chapters. Chapter 4 provides a detailed description of high-
way and rail routing regulations. Chapter 2 describes package performance
standards and regulations. Chapter 5 provides descriptions of other regula-
tions governing the transport of spent fuel and high-level radioactive waste
to a federal repository.

33However, the federal hazardous materials transportation law is explicit that federal rules
preempt state rules in cases of conflict (49 USC 5125), consistent with the goal of nationally
uniform regulation. DOT has administrative authority to determine when state rules are to be
preempted. DOT has determined that state requirements for special permits for highway
shipments of radioactive materials are preempted if they require documentation or prenotifi-
cation in excess of federal requirements. DOT also has determined that state fees imposed on
hazardous materials transport are preempted if they are excessive or if the revenue is not used
for purposes related to hazardous materials transport.
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2

Transportation Package Safety

ackage performance—the ability of a transportation package! to
maintain a high level of containment effectiveness in long-term nor-
mal use and under extreme mechanical forces and thermal loading
conditions (i.e., thermomechanical conditions) generated during severe ac-
cidents—is a crucial issue for transportation safety and key to understand-
ing and quantifying transportation risks. The regulatory requirements for
the design, fabrication, certification, and maintenance of these packages are
substantially more rigorous than those for transporting most other types of
hazardous materials (e.g., hazardous chemicals). Accordingly, the packages
used to transport spent fuel and high-level waste are designed to withstand
extreme thermomechanical conditions without a significant loss of contain-
ment. The slogan “safety is built into the package” is commonly used by
package manufacturers and vendors to describe the ability of these pack-
ages to maintain their containment effectiveness under most conceivable
accident conditions.
This chapter provides a summary of investigations carried out in the
United States and several other countries to examine the performance of
transportation packages. The chapter provides a brief overview of the re-

ITransportation containers loaded with spent fuel or high-level waste are referred to as
packages in international standards, whereas the containers themselves without their contents
are referred to as packagings. For simplicity, the term packages is used throughout this report.
The terms casks and flasks (the latter term is commonly used in the United Kingdom) are
sometimes used synonymously to refer to such packages.

AN
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quirements for spent fuel and high-level waste transportation packages;
describes some key investigations of package loading conditions that have
furthered technical understanding of package performance; and offers find-
ings and recommendations about current standards and regulations and
about improvements in package performance.

There is extensive literature on package performance in response to
extreme thermomechanical conditions. Some of this work appears in the
“gray” literature, which may or may not be peer reviewed. There is also
extensive classified literature on package performance in response to poten-
tial terrorist acts.> As discussed in Chapter 1, the committee did not review
this classified literature or perform an in-depth examination of package
performance in response to terrorist acts. The committee does, however,
comment on this issue in Chapter 5.

2.1 TRANSPORTATION PACKAGE DESIGNS AND REGULATIONS

Packages for the transport of spent fuel and high-level waste are de-
signed to meet three basic requirements both during normal conditions of
transport* and during a range of hypothetical accident conditions estab-
lished in 10 CFR Part 71:°

1. Prevent an unsafe configuration (i.e., accidental criticality®) of
spent fuel.

2. Prevent or limit the release of radioactive contents.

3. Limit dose rates on external package surfaces to acceptable levels.

A wide range of package designs have been developed to meet these general
performance requirements.

2The U.S. Interagency Gray Literature Working Group defines gray literature as “foreign or
domestic open source material that usually is available through specialized channels and may
not enter normal channels or systems of publication, distribution, bibliographic control, or
acquisition by booksellers or subscription agents.” (Gray Information Functional Plan, Janu-
ary 18, 1995, accessed at hitp://www.osti.gov/graylithwhatsnew.html). This literature includes
technical reports, conference proceedings, and business documents.

3In addition, some unclassified literature on this topic was removed from public circulation
after the September 11, 2001, terrorist attacks.

4Normal conditions of transport subject packages to minor mishaps due to rough handling
or exposure to weather. Such conditions would not be expected to compromise the vital
containment functions of the package.

STitle 10, Part 71 of the Code of Federal Regulations, Packaging and Transport of Radioac-
tive Material. The hypothetical accident conditions are described in subpart 73 (i.e., 10 CFR
71.73).

6That is, a configuration that allows the establishment of a self-sustaining nuclear chain
reaction as occurs in an operating nuclear reactor.
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Most packages consist of a hollow cylindrical body that is open at one
end (Figure 2.1). The body is typically constructed of multiple layers of the
following materials: Steel is used to provide structural strength and durabil-
ity; steel, lead, depleted uranium, or concrete is used to provide shielding
against gamma radiation; and water, borated polymers, or concrete is used
to provide shielding against neutrons.

The package closure system consists of one or two steel lids that are
attached to the open end of the package body with steel bolts. Elastomer or

Truck Package IMPACT LIMITER

NEUTRON SHIELDING SHELL
NEUTRON SHIELDING

CLOSURE LID
OUTER STEEL SHELL
LEAD GAMMA SHIELDING

INNER STEEL SHELL

Rail Package IMPACT LIMITER

NEUTRON SHIELDING SHELL
NEUTRON SHIELDING

CLOSURE LID

OUTER STEEL SHELL
LEAD GAMMA SHIELDING

INNER STEEL SHELL

FIGURE 2.1 Generic truck and rail spent fuel packages. In these particular designs,
lead is used as the shielding material. Other materials such as steel and concrete are
used in other package designs. SOURCE: Sprung et al. (2000).

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

58 GOING THE DISTANCE?

metal seals are used between the body and lids to obtain airtight seals. The
package body and lids may contain sealable openings, such as pipes and
tubes, to allow for the removal of water, the addition of inert gases, leak
testing of lid seals, and monitoring of internal pressures after the package is
closed. The lid, lid bolts, pipes, and valves are usually recessed to protect
them from damage.

The package is also designed with impact limiters to absorb mechanical
forces generated in the event of transport accidents and to provide thermal
protection for the lid seals in case of fires. Impact limiters, which are usually
attached to the ends of packages, are typically constructed of wood, rigid
foam, or honeycombed metal. Metal fins may also be machined into (or
welded onto) the exterior surfaces of the package body and closures for
additional impact protection and heat dissipation.

The interior of the package contains a basket to hold the spent fuel
assemblies in a fixed configuration to ensure criticality control and mini-
mize damage to the fuel during transport. In packages designed to hold
multiple spent fuel assemblies, the baskets are typically constructed of ma-
terials containing neutron absorbers (e.g., borated metals) to provide a
further margin of criticality safety. In some package designs, these baskets
are placed into a stainless steel canister with a welded lid, which in turn is
placed into a transportation overpack. Packages containing such canisters
are sometimes referred to as canister-based packages. Packages without
such canisters are sometimes referred to as bare-fuel packages because the
fuel basket is placed directly into the package body.

Packages designed for transport by legal-weight trucks” typically carry
between about 0.5 and 2 metric tons (0.55 and 2.2 short tons) of spent fuel.
These packages are about 3 feet (0.9 meter) in diameter and weigh up to
about 25 metric tons (28 short tons) when loaded. Packages designed to be
transported by train can hold about 10 to 18 metric tons (11 to 20 short
tons) of spent fuel. The packages typically have diameters of about 8 feet
(2.4 meters) and can weigh 150 metric tons (165 short tons) or more when
loaded.

The number and types of spent fuel assemblies that can be carried in a
package are, of course, determined by its size. Package size, in turn, de-
pends on transportation mode (i.e., rail versus truck). Legal-weight truck
package size is limited primarily by highway weight regulations, whereas
rail package size is usually not weight limited but instead limited by railcar
clearance requirements. Regulatory limits on radiation levels on the exte-
rior surfaces of packages (10 CFR 71.47) also restrict the age and burn-up
of spent fuel that can be carried in the package.

7A truck having a total gross weight (i.e., including cargo) of 80,000 pounds (36,300
kilograms) or less.
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The International Atomic Energy Agency (IAEA) has established stan-
dards for the safe transportation of radioactive materials. These standards
were first issued in 19618 and have undergone several revisions and amend-
ments; the latest edition was issued in 2005 (IAEA, 2005a). The IAEA
standards establish recommended requirements for a number of different
package types, each designed to transport specific quantities and types of
radioactive materials:

e Excepted packages are designed for transport of very small quanti-
ties of radioactive material such as radiopharmaceuticals.

o Industrial packages are designed for transport of low-specific-ac-
tivity materials such as uranium ore and low-level radioactive wastes.

o Type A packages are designed for transport of materials of limited
radioactivity—for example, uranium hexafluoride and fresh nuclear fuel.

e Type B packages are designed for transport of larger quantities of
radioactive material including spent fuel, high-level waste, and mixed ox-
ide fuel.’

e Type C packages are designed for air transport of quantities of
radioactive material exceeding a defined (large) threshold including, for
example, plutonium and mixed oxide fuel.

This report is concerned with Type B packages.

TAEA safety standards are recommendations and are not legally bind-
ing on member states. However, the United States and many other member
states adopt these standards, either in whole or in part, in their own na-
tional regulations. U.S. regulations for the packaging and transport of ra-
dioactive materials are provided in 10 CFR Part 71 (see footnote 5). The
Nuclear Regulatory Commission (USNRC) and Department of Transporta-
tion (DOT) recently modified these regulations (USNRC, 2004a) to reflect
the 1996 amended version of the IAEA standards (IAEA, 2000).10,11

8The first comprehensive set of regulations for transporting radioactive materials by com-
mon carrier were established by the Interstate Commerce Commission in 1947-1948. These
regulations were drafted by the National Research Council’s Subcommittee on Shipment of
Radioactive Substances (see NRC, 1951). These and subsequent U.S. regulations served as an
important basis for the establishment of IAEA standards (see Pope, 2004).

IMixed oxide fuel, or MOX, contains uranium and plutonium.

10The updated regulations did not incorporate the IAEA standards for Type C packages,
because U.S. federal law mandates more stringent requirements for air shipments of pluto-
nium.

The IAEA issued updated safety standards in 2003 and 2005 (see http://www-ns.iaea.org/
standards/documentpages/transport-of-radioactive-material.htm). USNRC and DOT staff were
discussing whether to update U.S. regulations to bring them into conformance with these
updated standards when this report was being finalized for publication in December 2005.
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Type B packages that are to be used for transporting spent fuel and
high-level waste in the United States are required to be certified by the
USNRC. To receive a certification, the applicant (i.e., the package manu-
facturer or vendor) must demonstrate to the Commission’s satisfaction that
the package design will meet the testing requirements in 10 CFR Part 71,
the key elements of which are described in Sidebar 2.1. Under these regula-
tions, packages are required to survive a free-drop test onto an essentially
unyielding surface (Sidebar 2.2) as well as a puncture test, an immersion
test,!2 and a thermal test with less than the specified loss of containment
effectiveness (see Sidebar 2.1).

The USNRC permits quantitative analysis (e.g., computer simulations
using finite element models), scale-model (typically one-quarter or one-half
scale; see Sidebar 2.3), and full-scale testing of packages or package compo-
nents, and comparisons with existing approved package designs to be used
to demonstrate compliance with the regulations. Testing of full-scale pack-
ages!3 is not a requirement of the regulations.

Testing of full-scale spent fuel packages is not carried out routinely
because of the cost. A full-scale package can cost more than a million
dollars, and it is generally not reusable after undergoing full-scale testing in
accordance with USNRC regulations. The paucity and costs of suitable
testing facilities are also impediments. There are no package testing facili-
ties in the United States capable of handling large truck or rail packages. A
new facility was recently opened in the Horstwalde region in Germany,
which is located near Berlin.!* Two full-scale 9-meter (30-foot) free-drop
tests on rail packages were carried out at this facility in late September 2004
in conjunction with the 14th International Symposium on Packaging and
Transportation of Radioactive Materials (PATRAM 2004). A subgroup of
the committee’s members visited this facility and witnessed a full-scale test
of a 180 metric ton (198 short ton) rail package (Figure 2.2).

USNRC regulations also require that transportation packages be de-

12package immersion is not discussed at much length in this chapter because the committee
judges it to be of a lower concern than the thermomechanical conditions generated during
truck and train accidents.

13There is sometimes confusion about what is meant by “full scale” in regard to package
testing. The regulatory tests described in Sidebar 2.1 are full-scale tests because they are
carried out using actual Type B packages. These tests are referred to as certification tests. The
term full-scale can also apply to tests made on actual Type B packages under simulated
accident conditions such as those described in Section 2.3. These tests are referred to as
demonstration tests.

14This facility is operated by the German Federal Institute for Materials Research and
Testing (BAM).
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signed and manufactured using an approved quality assurance program.!'?
Packages must be designed to standards that include conservative assump-
tions and design margins for material properties such as yield stress and
ductility. This requirement provides for a built-in “safety margin” (see
Sidebar 2.4) and offers increased confidence that packages will survive
thermomechanical conditions somewhat more severe than regulatory re-
quirements.

The USNRC has certified several spent fuel storage and transportation
package designs for use in the United States. These include storage-only
packages as well as packages that are designed for both transportation and
storage (see JAI, 2005).

IAEA standards and USNRC regulations for Type B packages (see
Sidebar 2.1) were not derived from a comprehensive bounding analysis of
all possible extreme thermomechanical conditions resulting from package
mishandling and accidents. Rather, their development, which dates from
the early 1960s as noted previously, was based on then-available data on
typical impacts (e.g., drops from cranes, other mechanical accidents, ve-
hicular collisions) and thermal environments (e.g., fires from spilled fuel) to
which a package might be exposed in the course of transport (see Pope,
2004). As such, they do not necessarily reflect the most extreme conditions
that might be encountered during spent fuel or high-level waste shipments.

Nevertheless, during the committee’s information-gathering meetings,
several industry presenters asserted that it is very unlikely that a certified
Type B package for spent fuel or high-level waste would fail under any
credible loading conditions that might be encountered during transport.
This assertion is based on the confidence that these presenters place in the
combination of rigorous regulatory requirements for package certification,
the built-in margins of safety in current package designs (see Sidebar 2.4),
and the worldwide decades-long record of spent fuel transport without a
significant package failure (see Chapter 3). However, other presenters
pointed out that the spent fuel transport experience in the United States is
limited, and that the planned large future shipping campaigns to a federal
repository could expose transportation packages to a wider range of load-
ing conditions and longer-term use than have been experienced to date.

1510 CFR 71.101 defines the term quality assurance as those “planned and systematic
actions necessary to provide adequate confidence that a system or component will perform
satisfactorily in service. Quality assurance includes quality control, which comprises those
quality assurance actions related to control of the physical characteristics and quality of the
material or component to predetermined requirements.” Quality assurance requirements ap-
ply to the design, fabrication, assembly, testing, maintenance, repair, modification, and use of
the proposed package.
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SIDEBAR 2.1 U.S. Regulations for Type B Transport Packages

Type B packages for transporting spent fuel and high-level waste are designed to
withstand severe accident conditions without a loss of containment or an increase in
external radiation to levels that would endanger emergency responders or the general
public. USNRC regulations for Type B packages contain requirements for both “normal
conditions of transport” and “hypothetical accident conditions.” Under normal transport
conditions, the regulations require that Type B packages maintain their containment
effectiveness as given by the following three conditions:

1. No loss or dispersal of radioactive contents to a sensitivity of 1076 A, per hour.2
2. No substantial reduction in packaging effectiveness.
3. No substantial increase in external surface radiation levels.

For hypothetical accident conditions, the regulations allow for some degradation of
the packages’ containment effectiveness as given by the following four conditions:

1. No escape of krypton-85 exceeding 10 A, in 1 week.

2. No escape of other radioactive material exceeding a total amount A, in 1 week.

3. No external radiation dose rate exceeding 10 millisieverts per hour (1 rem per
hour) at 1 meter (about 40 inches) from the external surface of the package.?

4. Compliance with these requirements may not depend on filters or mechanical
cooling systems.

These release and radiation limits are designed primarily to protect emergency re-
sponders and members of the public in case of an accident. The values for A, are
tabulated in 10 CFR Part 71 and are radionuclide specific. For krypton-85, the A, value
from Table A-1 in 10 CFR Part 71 is 10 terabecquerels (TBq; approximately 270
curies).€ The regulations do not place any limits on the physical form of the radioactive
materials (e.g., particulate size) that could be released in a hypothetical accident.

The USNRC is responsible for certifying the design of Type B packages. The re-
quirements for certification (10 CFR 71.73) are derived directly from IAEA standards:

Evaluation for hypothetical accident conditions is to be based on the sequential application of the
tests specified in this section, in the order indicated, to determine their cumulative effect on a pack-
age or array of packages . . . . [E]xcept for the water immersion tests, the ambient air temperatures
before and after the tests must remain constant at that value between —29°C and +38°C which is the
most unfavorable for the feature under consideration. The initial internal pressure within the contain-
ment system must be the maximum normal operating pressure, unless a lower internal pressure,
consistent with the ambient temperature presumed to precede and follow the tests, is more un-
favorable.

4The regulations also provide guidance on determining A, activity values for mixtures of radio-
nuclides. See the glossary (Appendix D).

bThese increased doses would result from structural damage to the package shielding.

CThe fission product krypton-85 was selected for use in this regulation because it is the only
noble gas that exists in significant quantities in irradiated fuel that has been cooled for several years.
While it is not a significant contributor to dose, it is likely to be among the most mobile of radionuclid-
es in a spent fuel package.
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The following tests are specified in the regulations (10 CFR 71.73; see figure below):

* A free-drop test in which the specimen is dropped through a distance of 9 meters
(about 30 feet) onto a flat, essentially unyielding horizontal surface (see Sidebar 2.2),
with the package striking the surface in the position expected to produce maximum
damage. A package dropped from this height strikes the ground at a speed of about 13
meters per second (48 kilometers per hour, or about 30 miles per hour).

* A puncture test in which the specimen used in the free-drop test is dropped
through a distance of 1 meter (about 40 inches) onto the upper end of a 6-inch (15.2-
centimeter) diameter solid, vertical, cylindrical mild steel bar mounted on an essentially
unyielding horizontal surface. The package is dropped onto the bar in a position that is
expected to produce maximum damage.

* A thermaltestin which the same specimen is fully engulfed in a hydrocarbon-fuel
fire with an average flame temperature of at least 800°C (about 1475°F) for a period of
30 minutes.

* An immersion test in which a separate, undamaged specimen is subjected to a
pressure head equivalent to immersion in 15 meters (about 50 feet) of water. Addition-
ally, 10 CFR 71.61 also specifies that for packages designed for transport of spent fuel
with activity exceeding 37 petabecquerels (PBq; 106 curies), the undamaged contain-
ment system must be able to withstand an external water pressure of 2 megapascals
(290 pounds per square inch) for one hour without collapse, buckling, or in-leakage of
water. This pressure corresponds to a water depth of about 200 meters (650 feet),
typical of maximum water depths on the U.S. continental shelf.

The velocity of package impact in the free-drop test described above is lower than
many real world crashes (e.g., the Central Electricity Generating Board’s [CEGB’s] full-
scale crash described in Section 2.3.3). Nevertheless, the impact forces on the package
are much higher in the free-drop test because the impact surface is “essentially un-

yielding.”
Impact Puncture Fire Submersion
| I
i |
+ [o ﬂ +
Q Steel Bar N m
9 meter (~30 foot) 1 meter (~40 inch) 800 C (~1472F) 15 meter (~50 feet)
drop onto unyielding drop onto steel bar fully engulfing fire 2 MPa (290 psi)
surface for 30 minutes for 1 hour

lllustration of the hypothetical accident conditions in 10 CFR Part 71. SOURCE: Modi-
fied from a USNRC circular.
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SIDEBAR 2.2 What Is an “Essentially Unyielding” Surface?

An essentially unyielding surface is used for impact tests on Type B packages
under both International Atomic Energy Agency standards (IAEA, 2000) and U.S.
regulations (10 CFR Part 71). The standards and regulations require that the im-
pacting surface be essentially unyielding, that is, sufficiently massive and stiff to
produce maximum damage to the specimen being tested. Such surfaces are usu-
ally constructed of a thick reinforced concrete slab with a steel plate floated onto its
surface (i.e., slid onto the concrete surface while still wet). The concrete provides
a large reaction mass and the steel plate provides stiffness. For tests of Type B
packages, the slab and plate should have a combined mass at least 10 times that
of the specimen being tested (IAEA, 2002).

An article such as a spent fuel transportation package that is dropped onto
such an unyielding surface will be subjected to higher impact forces and will con-
sequently experience greater deformation than if the same article is dropped onto
a surface that is itself deformed by the impact (i.e., a yielding surface). An article
dropped onto an essentially unyielding surface in the 9-meter (30-foot) regulatory
drop test (Sidebar 2.1), for example, will be traveling at about 13 meters per sec-
ond (30 miles per hour, or 48 kilometers per hour) when it impacts the surface. The
deformation of the article caused by this impact will be essentially identical to the
deformation resulting from the head-on collision between two identical copies of
that article if each is traveling at 13 meters per second. This is comparable to the
difference between a collision of a moving vehicle and a parked car versus a head-
on collision between two moving vehicles. The head-on collision between moving
vehicles results in much greater damage.

Gonzales et al. (1986) compared the hardness of an essentially unyielding tar-
get to several other target types in a series of impact tests. These tests involved
impacts of a 2500 kilogram (5500 pound) cylindrical steel test unit resembling a

They also questioned the adequacy of regulations that do not require full-
scale testing to demonstrate package performance.

There is, in fact, a good deal of quantitative information available on
the performance of transportation packages under extreme loading condi-
tions. This information comes from modeling and full-scale testing studies
carried out in the United States and Europe over the past three decades. A
summary of selected studies is provided in the following sections.

2.2 PACKAGE PERFORMANCE MODELING STUDIES

Computer simulation models are routinely used to estimate the thermo-
mechanical behaviors of truck and rail packages under a range of extreme
loading conditions that would not be practicable to obtain from actual
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spent fuel transportation package onto four targets: desert soil, a concrete runway,
a concrete highway, and an unyielding target. The unyielding target was construct-
ed of a 56 metric ton (62 short ton), 3.6-meter (11.8-feet) thick reinforced concrete
slab with a steel face plate. The table below shows the results of these tests for an
impact speed of 13 meters per second (30 miles per hour), which corresponds to
the impact speed for the 9-meter (30-foot) regulatory free-drop test.

In the table, the second column shows how far the test unit penetrated into
each of the targets, and the third column shows the maximum strain in the test unit.
Penetrations ranged from 48 centimeters (19 inches) for the soil target to 0 centi-
meters for the unyielding surface. The maximum strains experienced during the
impact of the test unit on the unyielding surface were several times greater than for
the other target types. The reason for this is simple: The other targets absorbed
some of the impact forces, whereas the test unit absorbed essentially all of the
impact forces when impacted against an unyielding surface. In fact, in only one
case—impact onto the unyielding target—was the strain great enough to produce
permanent deformation of the test unit.

Experimental Results Obtained by Gonzalez et al. (1986)

Test Unit Penetration, Maximum Strain,
Target centimeters (inches) microstrains@
Soil 48 (19) 90
Concrete highway 10 (4) 400
Concrete runway 0.6 (0.25) 500
Unyielding target 0 3500

aMicrostrains are measured in parts per million, for example, centi-
meters per 108 centimeters.

testing of full-scale articles. “Generic” truck and rail packages, which in-
corporate the salient design features of certified packages, are typically
investigated with such models. The loading conditions used in these models
are usually derived from historical accident reconstructions, but hypotheti-
cal accident scenarios may also be used to investigate conditions that ex-
ceed those of any known historical accident. The committee selected a
number of modeling studies for discussion in the following subsections.
These are summarized in Table 2.1.

2.2.1 Modal Study

The modal study (Fischer et al., 1987) examined the expected responses
of spent fuel transportation packages to thermomechanical conditions de-
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SIDEBAR 2.3 Scale Modeling

The term scale modeling is conventionally taken to mean the testing of either
an article that is a miniaturized version of a large structure (see figure), or a large
component of a complex structure. The major benefit of scale modeling is that it
reduces material, fabrication, and testing costs, thus allowing more variables to be
explored, and a multiplicity of data to be obtained, for the same cost as a single
test on the full-scale structure. This is of particular value when the structure is very
expensive, the article needs to be tested to a point at which it has no further utility,
and/or the loads that must be applied exceed the capacities of readily available
testing apparatuses. Typically models of at least one-quarter scale are used in
engineering tests of spent fuel transport packages, although models as small as
one-eighth scale have been used for initial scoping tests.

The failure condition for the full-scale structure generally can be estimated from
the results of scale-model testing through the application of well-known scaling
laws. However, there are a number of pitfalls in this procedure. The most important
is that the weak points in a complex structure are generally associated with joining
processes—bolts, welds, and adhesives—that may not scale precisely. For exam-
ple, in a weldment, the heat-affected zone sizes and mechanical properties, and
the residual stresses that are induced, will depend on the number of weld passes
that are made and the heat input rate that is used, and these parameters depend
on the thicknesses of the materials that are joined. Similarly, the strength of an
adhesive joint will depend on the sizes and surface quality of the materials in-
volved, as well as the thickness of the adhesive layer.

Structures that utilize many component materials that are off-the-shelf items
(e.g., bolts, seals, gaskets) may be hard to scale because these items may not be
available in the exact size or quality that is needed. Also, bolts and other fasteners
that may be required for the actual structure are not always available in the same
metallurgical form in scaled-down sizes. Additionally, there are scaling issues in
monolithic and composite structures. Metallic parts may have different thermome-
chanical properties because of differences in heat treatments, which are affected
by article sizes. Scaling of composite laminates can be done in a practical manner
only by reducing the number of plies, essentially making it into a different material.

Finally, cracks and other potential initiators of brittle failure also do not scale
because it is their absolute size that is of first-order importance, with their relative
sizes generally being of second-order importance. In its simplest form, crack insta-
bility and growth is generally governed by a parameter of the form K = o[nc]'/2 B(c/
h), where Kiis the stress intensity factor, ¢ denotes the crack size, ¢ is the applied
stress, and B is a function of the ratio of the crack size to one of the component
dimensions (h). For small- to moderate-sized cracks, B is on the order of unity.
Although the mathematical relationships for corrosion pits, dents, and gouges are
not as well established as in fracture mechanics, their qualitative behavior will be
similar to cracks. This can make it very difficult to duplicate the failure mechanism
in a small-scale test.
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This does not mean that scale modeling is without value. Rather, it means only
that direct application of the results of small-scale testing to the full-scale article
should be done with great caution. In cases where some features of the test article
cannot be modeled accurately at reduced scale (e.g., the valve assemblies used
on spent fuel transport packages), it may be possible to combine a simplified re-
duced-scale model to determine decelerations and then separately test the full-
scale component when subjected to the appropriately scaled decelerations. An-
other approach is to use scale modeling as a test bed for the calibration and
validation of a computational analysis simulation of the structure. Then, with the
further assurance gained from viable predictions of the results of a small but repre-
sentative set of independent “proof-of-concept” tests made on a full-scale struc-
ture, the computer simulation can be used with confidence, and in a highly cost-
effective manner, for further evaluations of the performance of the structure in a
broad range of anticipated and accident service conditions.

Scale modeling is routinely used in spent fuel transport package testing and
certification. A good technical discussion of scaling laws and properties for materi-
als in pristine condition is provided in Donelan and Dowling (1985). Recent work
on scaling laws for materials with flaws is provided by Bazant (2004).

Full-scale (background) and '2-, ¥s-, and "s-scale models (foreground) of the Mag-
nox flask. SOURCE: Magnox Electric Ltd.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

68 GOING THE DISTANCE?

FIGURE 2.2 The German Federal Institute for Materials Research and Testing
(BAM) carried out two 9-meter regulatory drop tests in September 2004 at its
recently completed testing facility near Berlin. One of the tests was conducted on
the180 metric ton (198 short ton) Mitsubishi rail package shown in these photos.
The top photo shows the package orientation for this test. The package was hoisted
and dropped onto the steel plate embedded in the floor. The bottom photo shows
the package after the test. SOURCE: Photo by K.D. Crowley.
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SIDEBAR 2.4 Margin of Safety

To reduce the possibility of catastrophic failure, engineering structures in which
the weight of the structure is not a critical concern (e.g., buildings, dams, bridges,
power plants, storage tanks) are generally designed with large “margins of safety.”
These safety margins are generally achieved in two ways. First, conservative val-
ues of the mechanical properties of the materials used in the structure (i.e., values
that underestimate the potential strength of the materials) are selected for use in
the design. Second, “worst-case” assumptions are made on the applied loads that
the structure must resist, and/or an arbitrary “factor of safety” is introduced to arti-
ficially inflate the expected loads.

Factors of safety range from as low as 1.4 for natural gas transmission pipe-
lines located in unpopulated areas to 10 or more in especially sensitive applica-
tions, with a value of 3 being a typical choice for noncritical structures. The cumu-
lative effect of conservative design choices and the imposition of a factor of safety
on each structural component means that the actual margin of safety, while not
specifically known, could be well above the safety margin for each individual com-
ponent. In a typical design, loads sufficient to cause structural failure could be
more than four to five times greater than the load anticipated in actual, normal
service.

Large safety margins are necessary because of the multitude of uncertainties
that could affect the integrity and durability of a structural design. These un-
certainties include the potential for fabrication defects from inadequate work-
manship and less than satisfactory material properties and joining techniques;
in-service mechanical damage, fatigue and environmental degradation (e.g., cor-
rosion); and unexpectedly severe operating conditions due to accidents or sabo-
tage. Structures that are designed with large safety margins are very likely to be
able to resist catastrophic failure over their intended service lifetime, even when
the expected operating conditions are substantially exceeded once or many times
during service.

In contrast, in engineering structures for which the weight of the structure is a
critical concern (e.g., aircraft), the safety margins are generally much lower. Air-
planes are typically designed and tested to achieve a margin of safety of only
about 50 percent over the maximum anticipated operating loads. In these applica-
tions, considerable effort is placed on analytical projections of times to failure
based on anticipated defects or other forms of damage, and rigorously scheduled
inspections to determine if or when damage has come to exist at critical locations
within the structure. This approach has come to be known as damage tolerance
methodology.

There are built-in margins of safety for the design of spent fuel transportation
packages. USNRC guidance for the design of spent fuel transportation packages
(USNRC, 1978) adopts portions of the American Society for Mechanical Engineers
(ASME) code for boilers and pressure vessels. The ASME code specifies the use
of highly ductile materials that accommodate unusually high stresses through de-
formation rather than fracture. The code also specifies maximum stress limits for
these materials that are well below their yield strengths. Vessels that are properly
designed, manufactured, and maintained to these codes should perform as intend-
ed even under conditions that exceed design specifications because of this built-in
margin of safety.
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TABLE 2.1 Summary of Selected Studies on Package Performance

Modeling

Test Description

Results in Brief

Reference

Modeling the performance of a
generic truck and rail package under
mechanical and thermal loading
conditions derived from historical
accident records

Modeling the performance of two
generic truck packages and two
generic rail packages for impacts at
various orientations against
unyielding and yielding surfaces at
30, 60, 90, and 120 miles per hour
(48, 96, 144, and 192 kilometers per
hour)

Comparison of the thermomechanical
conditions from severe historical
accidents to regulatory test limits and
other modeling studies

Modeling of thermal performance
of a rail package in the July 2001
Howard Street tunnel fire near
Baltimore, Maryland

Analysis of the thermal conditions in
the December 1984 Summit Tunnel
fire near Manchester, England, and
the likely effect on a fuel package

A very small number of
rail accident scenarios
could result in package
releases in excess of
regulatory limits

No package penetration at
any orientation or impact
speed against yielding or
unyielding surfaces;
package seals may leak
during high-speed impacts
against unyielding surfaces
in excess of regulatory test
limits

No accident produces
mechanical loads in excess
of the 9-meter regulatory
free-drop test. Two
accidents could have
produced thermal loads in
excess of the IAEA 30-
minute fully engulfing fire
test

No package releases
would have occurred

Thermal conditions would
have exceeded those of the
regulatory thermal test
such that package seals
might have failed should a
package have been
exposed in this fire

Modal study:
Fischer et al.
(1987)

Spent fuel
shipment risk
reexamination
study: Sprung
et al. (2000)

Fischer et al.
(1987);
Ammerman
et al. (2002,
2003);
Ammerman
and Ginn
(2004)

USNRC
(2003a)

UK Department
of Transport
(1986)

rived from the historical record of truck and train accidents in the United
States. These data were compiled from government and private databases.
The data included accident speeds and impact angles, the hardness of im-
pacted objects (i.e., other vehicles, wayside terrain), and the frequency and
duration of accident-associated fires. The data were used to develop a suite
of historical accident scenarios and associated accident probabilities that
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0.20339
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0.015486 0.0122 4
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0.007277 0.0066 11
. Clay, silt
Train Mot 1.4437 12*
accident 0.91370 8
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Non-coll. | 0.3334 ’
0.7728 | Earth
0.6666 31.9865 23
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*Potentially significant accident scenarios
**Conditional probability which assumes an accident occurs

FIGURE 2.3 The event tree for train accidents from the 1987 modal study (Fischer
et al., 1987). The numbers shown at each branch are probabilities for the accident
branch based on an analysis of historical data. The accident scenarios marked with
an asterisk were determined to produce consequences that would approach or
exceed regulatory limits. SOURCE: Fischer et al. (1987, Figure 2-5).
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SIDEBAR 2.5 Radioactive Material Releases
in Severe Transportation Accidents

There are two barriers to the release of radioactive materials from spent fuel
packages into the environment during a severe accident. The first is the package
itself. As described in this chapter, Type B packages used to transport spent fuel
are designed to withstand severe accidents without a significant loss of contain-
ment or an increase in external radiation to levels that would endanger emergency
responders or the general public.

The second barrier is the fuel rod cladding. The cladding for most commerecial
nuclear fuel is made from a zirconium metal alloy, referred to as zircaloy, which is
fabricated into long (3.5 to 4.5 meter [11.5 to 14.75 feet]) tubes (Sidebar 1.3).
These tubes, which contain the uranium dioxide fuel pellets, are pressurized and
sealed to resist collapse or leaks when placed into the high-pressure operating
environment of the reactor core. Fuel rods are bundled together into fuel assem-
blies using metal structural supports. These supports also help to prevent the fuel
rods from collapsing and buckling in a severe transportation accident.

The release of significant quantities of radioactive materials from a loaded spent
fuel transport package into the environment during a severe accident would occur
only if the package and one or more fuel rods were breached (small amounts of
radioactive contamination from the external surfaces of the fuel rods [crud] could
be released from the package if the package seals were compromised, even if the
fuel rods maintained their integrity). Fuel rod breaching could potentially occur by
two processes: mechanical rupture or thermal creep. The former could occur if
impact forces exceed the mechanical strength of the cladding, causing it to buckle.
The latter could occur at elevated temperatures due to time-dependent elongation
of the cladding along fracture planes. High burn-up fuel rods may be more suscep-
tible to breaching because of cladding embrittlement resulting from their longer
residence in the reactor.

If breached, the fuel rods would depressurize, and radioactive material could

could be displayed as “event trees” (Figure 2.3). Quantitative analyses were
carried out to assess the effects of the loading conditions represented by
these event trees on generic train and truck transportation packages that
were similar in design to the packages in service in the mid-1980s. A more
complete discussion of this study is provided in Chapter 3.

The analysis involved a two-stage screening process. Phase 1 screening
used dynamic linear stress analysis and standard transient heat-transfer
models to screen out those accident scenarios in which the thermomechani-
cal conditions did not exceed the regulatory testing requirements in 10 CFR
Part 71 (Sidebar 2.1). For these scenarios, any radioactive material releases
from the packages were assumed to fall below regulatory limits. Approxi-
mately 99.4 percent of all truck accidents and 99.7 percent of the rail
accident scenarios analyzed fell into this category (Fischer et al., 1987,
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be released into the interior of the transportation package by depressurization flow.
Two types of radioactive materials could be released: (1) gaseous materials (e.g.,
radioactive noble gases such as krypton-85 and volatile materials such as cesium-
137) produced by fission reactions while the fuel is in the nuclear reactor; and
(2) fine particles of the fuel itself, referred to as fuel fines, which are created by
mechanical fracturing. The particle-size distributions of the fuel fines will depend
on the burn-up of the fuel and the magnitude of the mechanical forces on the fuel
pellets during the accident.

Only fuel fines smaller than the size of the cladding breach can be released
from the fuel rod into the package; larger particles can also clog the cladding
breach and reduce the quantity of fine-particle releases into the package. Most of
the released fines would be deposited onto the interior surfaces of the package.
Some of the remaining airborne fines (which typically comprise only a few percent
of the fines released into the package; see Sprung et al., 2000, p. 7-30) and radio-
active gases could be released into the environment, but only if all of the package
barriers (i.e., the package lids and, if present, the inner canister) were breached.
Volatile components such as cesium-137, if present, would condense upon cool-
ing. The quantity of materials released from the package would depend on the size
of the breaches and the presence of a driving force (e.g., depressurization) to
propel material out of the package. Once air pressure between the package interi-
or and outside environment was equalized, further material releases would occur
by much slower diffusion processes.

The process for the release of radioactive materials from transportation pack-
ages containing high-level waste is similar to that for spent fuel with three notable
exceptions. First, high-level waste does not contain fission-produced noble gases;
those gases were removed from the waste during processing. Second, high-level
waste to be transported in a vitrified (glass) form is contained in stainless steel
canisters (see Sidebar 1.3), rather than zircaloy cladding. Third, the canisters are
not pressurized, so there are no large depressurization forces to drive radioactive
material releases from the canister into the package or the environment.

p. 9-2). Phase 2 screening involved more sophisticated analyses of package
responses and radiological releases for the relatively small number of acci-
dent scenarios that exceeded the 10 CFR Part 71 testing limits. This screen-
ing employed nonlinear dynamic stress analysis models to estimate package
deformation and transient thermal models that took into account the phase
change accompanying the melting of lead shielding in the package at high
temperatures. These analyses assumed that the packages contained five-
year-cooled pressurized water reactor fuel having a burn-up of 33,000
megawatt-days per metric ton, which was typical of spent fuel at that
time.1¢ The analyses also considered breaches of the spent fuel cladding due

16present-day fuel burn-ups are typically between 50,000 and 60,000 megawatt-days per
metric ton.
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to both impact and thermally induced creep (see Sidebar 2.5). The radio-
logical effects considered included releases of radioactive materials from the
package as well as increased radiation doses resulting from damage to the
package shielding.

Based on the phase 2 screening, Fischer et al. (1987) concluded that
roughly 0.3 to 0.6 percent of extreme accidents would result in radioactive
releases that approach or slightly exceed the regulatory limits in 10 CFR
Part 71 (Sidebar 2.1), with less than 0.001 percent of the truck and 0.012
percent of the rail accident scenarios actually having releases that would
exceed regulatory limits. Because these conditions pushed the capabilities of
the computer codes, there was no attempt made to model the releases for
the most extreme accidents. Instead, estimates of the releases for these very
extreme accidents were extrapolated from the release behavior during less
extreme accidents.

2.2.2 Reexamination Study

In a “reexamination study,” Sprung et al. (2000) updated the modal
study analyses using different package designs and modeling approaches.
This study examined the performance of four generic transportation pack-
ages: steel-lead and steel-depleted uranium truck packages and steel-lead
and monolithic steel train packages. These packages were similar in design
to the USNRC-certified packages that were in use in the late 1990s. A
detailed description of this study is provided in Chapter 3.

Mechanical performance was estimated using a three-dimensional fi-
nite element code (PRONTO 3D'”), which was developed by Sandia Na-
tional Laboratories for modeling large deformations in nonlinear mechani-
cal behavior for materials subjected to very high strain rates. The code was
used to estimate the mechanical response of the four packages to end,
center-of-gravity over corner, and side impacts onto unyielding and yield-
ing surfaces at speeds of 30 (the impact speed for the regulatory free-drop
test; see Sidebar 2.1), 60, 90, and 120 miles per hour (about 48, 96, 144,
and 192 kilometers per hour). The package impact limiters were assumed
to be in place but fully crushed before impact occurred. This is a very
conservative assumption; in an actual accident the impact limiters would be
expected to absorb most of the impact forces by crushing, as they are
designed to do.

Impacts onto unyielding surfaces provide the most rigorous test of
package performance. Based on their modeling analysis, Sprung et al. (2000)

17PRONTO 3D is a Lagrangian finite element code developed by Sandia National Labora-
tories that is roughly comparable to LS DYNA 3D, a code that is used worldwide for trans-
port package design and verification analyses.
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concluded that package impacts onto an unyielding surface would have
produced strains lower than those required for package penetration at all of
the modeled impact speeds and orientations. The models indicate that the
seals on the truck packages maintained their integrity in all but possibly the
120 mile per hour impact; however, for the latter impact, the seal leak areas
would have been small. The models also suggest that for rail packages,
some seal leakage could occur for some impact orientations at impact
speeds onto unyielding surfaces as low as 60 miles per hour and possibly at
all orientations at speeds of 120 miles per hour.

A one-dimensional heat transport code was used to estimate the time
required to cause the failure of the elastomeric package seals and rupture
fuel rods when the package was subjected to a fully engulfing optically
dense fire at 800°C (1472°F) (the regulatory thermal test; see Sidebar 2.1)
and 1000°C (1832°F). Failure temperatures for elastomeric seals were esti-
mated from data available in the literature. These data suggested that the
seals would experience rapid degradation at temperatures exceeding 350°C
(662°F). For the 800°C fire (1472°F), it was found that the minimum time
to the 350°C (662°F) seal degradation temperature was just over one hour
for one of the truck packages, with the maximum time being almost 2.5
hours for a rail package. For a 1000°C (1832°F) fire, the minimum and
maximum times to degradation were about 0.6 and 1.4 hours, respectively,
for a truck package and a rail package. As noted previously, packages are
required by USNRC regulations to withstand a 30-minute, fully engulfing
fire (see Sidebar 2.1).

2.2.3 Historical Accident Reconstructions

Additional investigations have been undertaken to reconstruct the ther-
momechanical conditions from a number of historical accidents that, had
they involved spent fuel or high-level waste transportation packages, could
have provided a severe test of package performance. It should be empha-
sized that none of these accidents actually involved shipments of spent fuel
or high-level waste. The modal study (Fischer et al., 1987) developed esti-
mates of the thermomechanical conditions for four severe accidents selected
from a database of 400 train and truck accidents in the United States that
were known to have produced extreme loading conditions. These are sum-
marized in Table 2.2. The authors concluded that only one of the four
accidents—the September 1982 Livingstone, Louisiana, train derailment
and fire—could have resulted in any releases of radioactive materials.
Whether releases would have occurred depended on where the package was
placed on the train relative to the location of the fire, which was allowed to
burn for several days.

Ammerman and colleagues (Ammerman et al., 2002, 2003; Ammerman
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TABLE 2.2 Severe Accident Scenarios Examined in the 1987 Modal
Study
Conclusions About
Accident Severity by
Date Location Description Fischer et al. (1987)
January Hunter, Five railcars plunged off No radioactive material
1979 Alabama a rail bridge into the releases or increases in
muddy bottom of a river external radiation expected
about 23 meters (75 feet)
below
March San Francisco, A tractor trailer traveled No radioactive material
1981 California through a bridge railing releases or increases in
and fell onto a soil external radiation expected
surface about 19.5 meters
(64 feet) below the bridge
April Oakland, A truck fire in a highway = No radioactive material
1982 California tunnel involving about releases or increases in
33,300 liters (8800 external radiation expected
gallons) of gasoline
September  Livingston, A train derailment and Package releases could
1982 Louisiana fire fed by plastics and have exceeded regulatory

petroleum products; fires
burned for several days

limits depending on where
the package was located

in the fire

SOURCE: Fischer et al. (1987).

and Ginn, 2004) from the Sandia National Laboratories examined the
thermomechanical conditions for 12 historical accidents, some of which
had been identified by the State of Nevada as potentially being severe
enough to compromise the containment effectiveness of spent fuel transpor-
tation packages (Table 2.3). Accident loading conditions were reconstructed
from National Transportation Safety Board reports and newspaper ac-
counts. These conditions were compared to the loads experienced by trans-
portation packages during regulatory testing (e.g., the 9-meter drop test;
30-minute thermal test); to the accident scenarios estimated in the modal
study (Fischer et al., 1987); and to the 2000 reexamination study estimates
(Sprung et al., 2000).

The authors concluded that the thermomechanical conditions described
in Table 2.3 were encompassed by the event trees used in the Sprung et al.
(2000) study (see Chapter 3). They also concluded that none of these acci-
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TABLE 2.3 Severe Accident Scenarios Examined by Sandia National

Laboratories
Conclusions About
Accident Severity by
Date Location Description Ammerman and Colleagues
June Greenwich, Two trucks and two cars  Impact would have been
1983 Connecticut plunged off an less severe than the
interstate highway bridge = 9-meter drop test onto an
into a river about unyielding surface
21 meters (70 feet) below
August Checotah, Transported military Detonation of military
1985 Oklahoma ordnance (2000-pound ordnance would not have
Mk-84 bombs) exploded  caused package failure
after a truck accident
July Miamisburg, A train carrying yellow Fire would not have
1986 Ohio phosphorus and molten exceeded the 30-minute
sulfur derailed and regulatory thermal test
caught fire
April Amsterdam, Several cars and a truck Impact would have been
1987 New York plunged off an interstate  less severe than the
highway bridge, falling 9-meter drop test onto an
about 24 meters (80 feet) unyielding surface
into a rain-swollen creek
December  Memphis, A tanker truck carrying Package would have
1988 Tennessee about 9500 gallons of experienced only
propane caught fire and superficial damage
exploded
February Helena, A runaway train collided  Fire would not have
1989 Montana with a locomotive at exceeded the 30-minute
15 to 25 miles per hour, regulatory thermal test
causing two large
explosions from
hazardous cargo
February  Akron, Ohio One railcar carrying Fire would not have
1989 butane ruptured, exceeded the 30-minute
releasing its contents in regulatory thermal test
the form of a fireball
May San Bernardino, A train derailed at high Impact would not have
1989 California speed (100 miles per caused package breach or

hour); a gas pipeline
tailed catastrophically
tollowing cleanup of the
derailment

release of contents

continues
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TABLE 2.3 Continued

GOING THE DISTANCE?

Conclusions About
Accident Severity by

Date Location Description Ammerman and Colleagues
July Freeland, A derailed freight train Fire could have exceeded
1989 Michigan carrying flammable the 30-minute regulatory
materials burned for thermal test, but
several days conditions would not have
exceeded those shown by
Sprung et al. (2000) to be
necessary to cause package
seal failure
October Oakland, The upper level of a Collapse of viaduct onto a
1989 California viaduct collapsed onto truck package would not
the lower deck have been severe enough
to cause seal failure, but
package shield could be
somewhat compromised
December  Cajon, A runaway freight train No significant damage to
1994 California struck the rear of another package would have
train at a speed of about  occurred
45 miles per hour
February  Cajon Junction, The derailment of a Fire conditions would not
1996 California freight train caused a fire  have exceeded those shown

that burned for several
days

by Sprung et al. (2000) to
be necessary to cause
package seal failure

SOURCE: Ammerman et al. (2002, 2003); Ammerman and Ginn (2004).

dents would have produced thermomechanical conditions that exceeded
the regulatory test conditions in 10 CFR Part 71.

The USNRC undertook a detailed thermal analysis of the July 2001 fire
in the Howard Street tunnel in Baltimore, Maryland, that resulted from the
derailment of a train carrying hazardous materials. The fire was fed by a
tanker railcar carrying about 28,600 gallons (106,300 liters) of liquid
tripropylene. A National Institute for Standards and Technology (NIST)
study of the fire (McGrattan and Hamins, 2003) used detailed numerical
simulations to develop estimates of temperatures in the tunnel for the most
severe portion of the tripropylene fire, which occurred between the time of
its ignition and the rupture of a water main within the tunnel about three
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hours later.18 The study estimated that peak temperatures in the narrow
flaming region in the tunnel reached about 1000°C (1832°F) and that the
tunnel walls reached peak temperatures of about 800°C (1472°F). The hot
gas layer near the fire had average temperatures of about 500°C (932°F).

Tunnel temperatures were also estimated by analyzing oxide layer thick-
ness, metal loss, and metal melting on railcar components recovered after
the fire (Garabedian et al., 2002). This analysis suggested that gas tempera-
tures in excess of 800°C (1472°F) existed for more than 30 minutes near the
fire source. At 20 meters (66 feet) from the fire source, the analysis sug-
gested that maximum surface temperatures of 600°C (1112°F) could have
been reached for much less than 30 minutes.

USNRC staff modeled the thermal behavior of a specific USNRC-ap-
proved spent fuel package!® subjected to these estimated “extraregula-
tory” thermal conditions. The package and its cradle were modeled using
a two-dimensional finite element code for two scenarios: first assuming a
one-railcar (20-meter, or 66-foot) separation between the package and fire
source, as would be required by DOT regulations had spent fuel and haz-
ardous materials been transported together; and second assuming a 5-
meter (16.4-foot) separation. Both scenarios were analyzed for 150 hours
of fire exposure at the maximum temperature conditions estimated by the
NIST model.

The committee received a briefing from USNRC staff on the results of
this analysis, which can be summarized as follows (see also Bajwa, 2002;
USNRC, 2003a): For the first scenario, the temperature of the fuel element
cladding exceeded regulatory limits of 570°C (1058°F)2V after about 166
hours of fire exposure. For the second scenario, the fuel cladding would
have reached 570°C (1058°F) after 37 hours of exposure. Calculations
were also carried out to estimate the stresses on the welded canister result-
ing from fire exposure. Those calculations indicated that the welded canis-

18The NIST study noted that the distribution of tripropylene fuel within the tunnel, and
thus the duration of the tripropylene fire, are difficult to estimate. The study suggests that the
tripropylene fire was extinguished sometime between 3 and 12 hours after ignition either
from a lack of fuel or from water suppression. Smoldering of combustible materials contained
in closed boxcars on the train continued for several days after the tripropylene fire was
extinguished.

19The Holtec Hi-Star MPC package was modeled. This rail package is designed to hold
five-year-old pressurized water reactor spent fuel assemblies with maximum burn-ups of
45,000 megawatt-days per metric ton. It has a bolted external closure and an internal welded
canister. For the purposes of the USNRC analysis, the spent fuel assemblies were assumed to
generate the maximum internal heat (20 kilowatts) allowed by the package design.

20The 570°C (1058°F) regulatory limit was established to prevent fuel cladding failure
from thermal creep during storage. The actual burst temperature for zircaloy fuel rods is
about is about 750°C (1382°F) (see USNRC, 2003b).
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ter would have maintained its integrity. Consequently, USNRC staff con-
cluded that no radioactive material would have been released from this
package in this fire.

It is noteworthy that this analysis contains several significant “con-
servatisms” (i.e., assumptions that resulted in more dire predictions of
package performance than might have occurred in an actual fire): The
maximum fire temperatures in the tunnel were assumed to have been main-
tained for 150 hours—more than 6 days. The actual duration of the tri-
propylene fire in the Howard Street tunnel was estimated by NIST (Mc-
Grattan and Hammins, 2003) to last from 3 to 12 hours. A two-dimensional
thermal model was used in the analysis. This model ignored axial direction
heat transfer, which could have reduced the peak temperatures.2! Also, the
package was assumed to have the maximum allowed internal heat load
from spent fuel decay heat.

The USNRC is extending its Howard Street tunnel fire analyses to
examine the performance of two additional spent fuel packages: a TN68
rail package mounted on a railcar and NAC-LWT truck package in an ISO
(International Organization for Standardization) container mounted on a
railcar. Both are bare-fuel packages (see Section 2.1). These packages are
currently certified by the USNRC for use in the United States, and the
transport of truck packages by rail, which is one of the scenarios being
examined, is allowed under current regulations.

A draft report containing the Howard Street tunnel fire analyses (Adkins
et al., 2005) was made available to the committee in early September 2005,
after the committee held its last meeting for this study.22 Just prior to the
committee’s final meeting in July 2003, the State of Nevada also provided a
preprint of a paper describing a thermal analysis of a generic steel-lead-steel

21Marvin Resnikoff of Waste Management Associates criticized the USNRC’s analysis on
the basis that it did not use a three-dimensional thermal model and did not explicitly model
the bolts and seals on the external closure. While the committee agrees that additional details
in the models would have been informative, it also judges them unlikely to have changed the
results, given that the modeling predicted that there were no failures of the internal welded
canister of the package.

22This analysis assumed that the packages were located 20 meters (66 feet) from the fire
source and that the fire burned for seven hours, a shorter time than the original analysis.
According to the draft paper, the analysis shows that the maximum temperatures on the seals
of the TN68 and NAC-LWT packages would have exceeded their rated service temperatures,
making it possible for the release of radioactive materials to occur. An analysis was also
carried out to estimate the radioactive releases from these packages. They were characterized
in the paper as “very small—less than an A, quantity” (see Sidebar 2.1) and consisting of
non-fixed radioactive material (crud) from the external surfaces of the fuel rods. The draft
paper indicates that the fuel cladding would have maintained its integrity.
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truck package exposed to a fully engulfing hydrocarbon fire (Greiner et al.,
2005).23 Because these papers were provided so late in the study, the com-
mittee was unable to analyze, discuss, and integrate them into this report.

The United Kingdom Department for Transport (1996) analyzed the
thermal loading conditions in the Summit rail tunnel fire near Manchester,
England, on December 20, 1984. The fire resulted from the derailment of
10 tank cars carrying gasoline. The fire burned for about four days (Fig-
ure 2.4) and completely destroyed several tanker cars. The analysis showed
that fire conditions in the tunnel exceeded those required in the regulatory
thermal test, which suggested that there could have been releases of radio-
active materials had a spent fuel transportation package been involved in
the derailment and fire. As a result of this analysis, an operational rule was
established that prohibited English trains carrying spent fuel packages and
trains hauling flammable materials from crossing in rail tunnels.

2.3 FULL-SCALE PACKAGE TESTING
UNDER EXTREME CONDITIONS

Full-scale testing on transportation packages under severe extraregu-
latory conditions has been carried out in both the United States and the
United Kingdom. In the United States, these tests have been carried out
under the sponsorship of the Atomic Energy Commission and its successor
agencies, the Energy Research and Development Administration (ERDA)
and the USNRC. In the United Kingdom, one test has been carried out by
the British Central Electricity Generating Board (CEGB). In addition, the
USNRC plans to carry out an additional test on a rail package when funds
are made available by Congress. These studies are described in the follow-
ing sections, and the results are summarized in Table 2.4.

2.3.1 Sandia National Laboratories Air-drop Tests

Two air-drop tests were conducted by Sandia National Laboratories in
1975 to provide a demonstration of the ruggedness and survivability of
shielded containers in a manner that was thought to be better appreciated
by the general public than a regulatory test (Waddoups, 1975). The test

23 According to this analysis, the elastomeric seal for this generic package would reach its
melting temperature (referred to as the “temperature of concern” in the paper) in about two
hours if the impact limiter is attached to the lid end of the package and about 0.7 hour
without the impact limiter. The paper did not provide an analysis of the consequences of
exceeding the seal melting temperature in terms of possible releases of radioactive materials
from the package.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

82 GOING THE DISTANCE?

FIGURE 2.4 Photos from the December 1984 Summit Tunnel fire near Manches-
ter, England. The top photo shows two fire plumes emerging from tunnel ventila-
tion shafts. The bottom photo is an interior view of the tunnel. Part of the tunnel
ceiling has collapsed onto one of the tank cars. SOURCE: Photos taken by a mem-
ber of the West Yorkshire Fire Brigade or Manchester Fire Brigade (used with
permission of www.todchat.com).
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TABLE 2.4 Full-scale Package Tests Described in this Chapter

Test Description Results in Brief Reference
600-meter (2000-foot) air drop of Less severe damage Waddoups
two small packages onto hard soil observed than for a (1975)

Crash of a truck carrying a 20 metric
ton (22 short ton) package mounted
on a trailer into a massive reinforced
concrete barrier at 98 kilometers per
hour (61 miles per hour) and

135 kilometers per hour (84 miles
per hour)

Crash of locomotive into 25 metric
ton (28 short ton) package mounted
on a trailer at 130 kilometers per
hour (81 miles per hour)

Crash of a 68 metric ton (75 short
ton) package mounted on a railcar
into a massive reinforced concrete
barrier at 131 kilometers per hour
(82 miles per hour)

9 meter free-drop tests of a package
onto its side and corner

Crash of a locomotive into a package
mounted on a railcar at

160 kilometers per hour (100 miles
per hour)

Full-scale testing of a rail package
mounted on a rail carrier car placed
at 90 degrees to a simulated rail
crossing, subjected to a collision with
a locomotive and several freight cars
traveling at 60 miles per hour,
followed by a fully engulfing,
optically dense, hydrocarbon fire for
a duration of one-half hour post-
collision

9-meter free-drop test
onto an unyielding surface

Superficial package
damage for 98 kilometers
per hour (61 miles per
hour) test; deformation of
package with small
amount of water leakage
observed for

135 kilometers per hour
(84 miles per hour) test

Package was deformed,
and a small leak was
detected when the package
was pressurized

Superficial package
damage

Water spray from lid-body
joint at impact releasing
up to a few liters of water

Superficial damage with
an internal pressure drop
corresponding to the loss
of about 0.5 liter

(0.1 gallon) of water
through the package seal

Test has not yet been
carried out

Huerta (1977)

Huerta and
Yoshimura
(1983)

Huerta (1981)

IME (1985)

IME (1985)

USNRC
(2003c¢,
2004b,c,d,
2005a,b)
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involved 600-meter (almost 2000-foot) air drops of two “obsolete”2* pack-
ages: a Pratt and Whitney 1 package?S and an OD-1 Oak Ridge Research
Reactor Spent Fuel Carrier.2¢ These drops were made onto a hard prairie (a
hard, dry, sandy silt soil) at the Sandia Edgewood Test Range in New
Mexico.

The packages impacted the prairie at speeds exceeding 100 meters (350
feet) per second and created deep impact craters (in one case exceeding 2
meters [7 feet] in depth). One of the packages experienced superficial dam-
age, while the other experienced some bulging and shifting of its internal
lead shielding. Waddoups (1975) noted that the impact velocities for these
drop tests reached speeds of about 230 and 246 miles per hour (103 and
110 meters per second), many times greater than the 30 mile per hour
(about 13 meter per second) speeds in the 9-meter regulatory drop test.
However, the hard prairie surface at the test site was not “essentially un-
yielding,” as evidenced by the deep craters created by the impacts. Based on
a comparison of damage to one of the packages, Waddoups (1975, p. 15)
concluded that “the 30-foot drop test onto an unyielding surface is a more
severe environment than the 2000-foot drop onto hard soil.”

2.3.2 Sandia National Laboratories Crash Testing

ERDA (predecessor agency to the Department of Energy) sponsored a
full-scale testing program at Sandia National Laboratories to obtain a bet-
ter understanding of the behavior of transport packages in severe accident
environments (Jefferson and Yoshimura, 1977). This program had two
primary objectives: (1) assess and demonstrate the validity of analytical
modeling and scale modeling for predicting the damage to transport pack-
ages in accidents; and (2) develop quantitative information on the condi-
tions in extreme accident environments.

This full-scale test program was carried out in three separate phases:
(1) use of computational methods to predict the conditions in accident
environments and the potential damage to shipping containers in such

24Both packages were considered obsolete because they were not designed to meet fire
standards with an acceptable loss of shielding. They also were not as rugged as then-licensed
packages.

25This package had a 0.622-meter (25-inch) outside diameter, 0.9065-meter (36-inch) out-
side height, and a weight of 3054 kilograms (3.4 short tons). The package is smaller than
many of the packages currently in use to transport commercial spent fuel.

26This package had a 0.8-meter (32-inch) outside diameter, 1.2-meter (48-inch) outside
height, and a weight of 7410 kilograms (8.2 short tons). The package also is smaller than
many of the packages currently in use to transport commercial spent fuel.
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environments; (2) determination of physical damage mechanisms through
scale-model testing; and (3) full-scale testing of representative hardware to
validate the computational analysis methodology.

Several criteria were considered in selecting the test scenarios. These
included the desire to expose transport packages to realistic and severe
accident environments, tractability of the scenarios to mathematical analy-
sis and scale-model testing, cost-effectiveness, and the likelihood of success-
ful execution. The last criterion eliminated scenarios that were difficult to
replicate such as skids into barriers. The cost criterion prompted the use of
out-of-service transport packages, used tractors, and a military surplus
locomotive in the tests. Three full-scale test scenarios were eventually se-
lected:

1. Impacts of tractor-trailer rigs carrying spent fuel transport pack-
ages into a concrete barrier at nominal speeds?” of 100 kilometers (62
miles) per hour and 130 kilometers (about 80 miles) per hour.

2. Impact of a locomotive into a spent fuel transport package mounted
on a truck trailer at a simulated grade crossing at a nominal speed of 130
kilometers (about 80 miles) per hour.

3. Impact of a spent fuel transport package mounted on a railcar into
a concrete barrier at a nominal speed of 130 kilometers (about 80 miles) per
hour, followed by exposure to a fire.

Prior to performing these tests, Sandia carried out both analytical and
one-eighth scale-model tests to predict the response of the vehicles and
transport packages under each of these impact conditions. Analyses were
conducted using “lumped parameter models” of the transport systems in
which the vehicle system and package are represented as a series of loads
and couplings. A limited amount of finite element modeling was also car-
ried out to elucidate the details of package deformation.

Scale-model testing was carried out in two phases. First, scale-model
packages were impacted directly against rigid barriers to identify and quan-
tify potential damage mechanisms. Then, scale models of the entire trans-
port system were tested to understand total system response. The latter tests
helped researchers determine the appropriate vehicle-package configura-
tions for the full-scale testing described in the following sections.28

27 Actual test speeds varied slightly from these nominal speeds in some cases.
28Videos of these tests are available on the Department of Energy’s web site at http://
www.ocrwm.doe.govinewsroom/videos.shiml.
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Tractor-trailer Impact Tests

The tractor-trailer impact tests (Huerta, 1977) were carried out using
an obsolete spent fuel transport package weighing 20,500 kilograms (45,000
pounds) that was mounted on a trailer in a head-on position. The trailer
was attached to a standard tandem-axle tractor. The package contained an
unirradiated fuel assembly and was filled with water. Conventional balsa-
wood impact limiters were mounted on each end of the package. The
tractor-trailer was crashed into a massive (626 metric tons [690 short tons])
reinforced concrete barrier backed by more than 1500 metric tons (1650
short tons) of soil. The target was described by Jefferson and Yoshimura
(1977, p. 13) as “essentially unyielding” and of a weight greatly exceeding
what would be encountered along normal truck routes.

The tests were carried out at Sandia’s sled test-track facility on January
18 and March 16, 1977 (Figure 2.5). For each of the two tests, a tractor-

MENENS EEaEe e

s, e

——

FIGURE 2.5 High-speed (135 kilometers per hour [84 miles per hour]) crash of a
spent fuel package mounted on a truck trailer into a massive barrier carried out at
Sandia National Laboratories in 1977. The truck cab was destroyed in the crash,
but the package remained attached to the trailer. SOURCE: Sandia National Labo-
ratories.
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trailer was accelerated to the target by a rocket sled mounted on guide rails
behind the trailer. The sled was disengaged from the trailer prior to impact
to allow the vehicle to coast into the barrier at the predetermined speed.
The same transport package was used in both full-scale tests. It was instru-
mented with accelerometers, triaxial strain gauges near the front (impact)
end, and passive water pressure sensors inside the package to measure peak
pressures. The tests were recorded by high-speed photography.

On the first test, the trailer impacted the concrete barrier at a speed of
98 kilometers per hour (61 miles per hour). The tractor and the front end of
the trailer were completely destroyed. The package remained attached to
the trailer throughout the test, although the front package tie-down failed
and the rear tie-down was damaged. The package suffered only superficial
damage. There was no water leakage from the package, and the fuel assem-
bly was intact and undamaged. The package experienced a peak decelera-
tion of about 18 times the acceleration of gravity (i.e., 18 g’s) based on a
velocity-time analysis of the crash photos (see Sidebar 2.6).

On the second test, the vehicle hit the concrete barrier at 135 kilometers
per hour (84 miles per hour). At this speed the vehicle had approximately
double the kinetic energy?? of the first test. Nonetheless, the response of the
tractor-trailer was similar to the first test, and the package remained at-
tached to the trailer. The front impact limiter was partially crushed and
displaced, allowing the package to impact the rigid barrier. The front end of
the package was slightly deformed and the package length was reduced by
about 6 centimeters (2.4 inches). The impact created a 0.95-centimeter (0.4-
inch) gap between the lead shielding and the outer shell at the back of the
package. A small amount of water seepage (two drops per minute) was
observed at the package head (Jefferson and Yoshimura, 1977, p. 29).
Mechanical means had to be employed to remove the package head and a
large force applied to remove the fuel assembly because the package had
deformed. Some of the fuel rods were buckled by the impact.

Rail Grade-crossing Impact Test

The grade-crossing test (Huerta and Yoshimura, 1983) involved a crash
of a locomotive traveling at 130 kilometers per hour (81 miles per hour)
into a tractor-trailer holding a spent fuel transport package at a simulated
grade crossing (Figure 2.6). The test was carried out on April 24, 1977,

29The kinetic energy of a body in motion is equal to Y5 mv?2, where m is the body mass and
v is the body velocity. Because the package masses are the same in both tests, the ratio of the
kinetic energies is equal to the ratios of the test velocities squared: that is, (135/98)2 = 1.90.
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SIDEBAR 2.6 Impact Severity

The accelerations and strains that are routinely measured during package im-
pact tests provide quantitative information for the verification of computation simu-
lation analyses. Analyses of this kind are particularly important for comparing the
relative severity of full-scale crash tests and regulatory free-drop tests.

The tests described in this chapter were designed to generate large forces on
transport packages by accelerating them to a known speed and then impacting
them against rigid barriers. The forces generated by the impact can be calculated
using Newton’s equation:

Force (F) = mass (m) x acceleration (A).

During an impact, the package undergoes a rapid and negative change in A
(i.e., it decelerates) as its velocity goes to zero. It is possible to determine a nom-
inal (average) value for A directly by measuring the change in position of the pack-
age as a function of time. This measurement is typically made using photographs
taken during the crash by high-speed cameras, which record at up to 3000 frames
per second. Instruments, called accelerometers, also can be mounted on the pack-
age to provide this information. Unfortunately, the highest decelerations and forces
occur locally at the point of impact where measurements are very difficult.

Estimates of A as a function of time are usually given in the form of a smooth
curve (see figure), where acceleration is expressed relative to the acceleration
imparted by Earth’s gravity field. The units of measurement are expressed in g’s,
(1 g = 9.8 meters per second squared, or 32 feet per second squared). Because
the mass of the package is known and does not change during the test, the aver-
age forces (F) acting on the package can be determined directly using the above
equation. The peak of the curve provides a good estimate of the peak force of the
test.

The forces imparted during the test will cause both the package and the barrier
to deform. If the deformations are below the elastic limit they will be temporary, and
the deformed materials will return to their original shapes after the forces are re-
moved. If the deformation is above that limit, the deformations will be permanent.
This elastic limit is material specific but tends to be less than 1 percent strain for
steel objects.

using a 2545-kilogram (56,000-pound) stainless steel and lead package3°
containing an unirradiated fuel assembly. The package was mounted to the
trailer with heavy steel bands. The trailer in turn was attached to a used
gasoline tractor. A military surplus locomotive weighing 109,000 kilo-

30This package was constructed of a 2.54-centimeter (1-inch) thick outer stainless steel
shell and a 1.9-centimeter (0.75-inch) thick inner stainless steel shell with a 21.3-centimeter
(8.37-inch) thick sandwich of lead shielding. The package head was attached by eight 2.54-
centimeter (1-inch) diameter stainless steel bolts.
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The amount of deformation can be measured directly by installing strain gaug-
es on the package. These devices provide an estimate of the maximum local (i.e.,
where the strain meter is installed) changes in dimension (strain) of the object.
Strain is usually expressed in units such as microstrains (see table in Sidebar 2.2).
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Curve showing the variation in package acceleration as a function of time after

impact in the Sandia National Laboratories grade-crossing test. SOURCE: Huerta
and Yoshimura (1983, Figure 24, p. 25).

grams (240,000 pounds) was used in the tests. The package was instru-
mented with strain gauges and accelerometers, and the crash was recorded
by high-speed photography.

The test geometry was such that the heavy locomotive frame, which
was constructed of I-beams and welded steel plates, impacted the package
below its centerline. Upon impact, the package plowed through about 3
meters (10 feet) of the lighter locomotive superstructure above the heavy
frame and then became detached from the trailer, which became wrapped
around the front of the locomotive. The impact forces launched the pack-
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FIGURE 2.6 High-speed (130 kilometers per hour [81 miles per hour]) crash of a
locomotive into a package mounted on a truck trailer carried out at Sandia Na-
tional Laboratories in 1977. The top photo shows the impact of the locomotive
and the trailer. The end of the package can be seen near the center of the photo.
The bottom photo shows the package after the test. SOURCE: Sandia National
Laboratories.
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age into the air. It hit the ground about 46 meters (150 feet) from the point
of impact and tumbled for another 15 meters (49 feet). The package at-
tained a maximum horizontal velocity in flight of about 60 meters per
second (about 50 miles per hour).

The impact produced two indentations in the package where it was
struck by the frame of the locomotive. The cooling fins on the package were
crushed and the outer package shell was bulged inward by about 2.5 centi-
meters (1 inch). A small leak in the package head was detected when the
package was pressurized following the test (Jefferson and Yoshimura, 1977,
p. 37). The inside cavity of the package was undeformed, however, and
although some of the fuel rods had bowed slightly, the assembly was other-
wise undamaged. The maximum deceleration on the package was about 33
g’s based on a velocity-time analysis of the high-speed photos. Two acceler-
ometers mounted on the package gave peak readings of about 90 g’s and
200 g’s, but these readings may have been affected by package rotation,
which reached a peak of about 1500 rotations per minute. The peak strain
readings were below the yield strain for the package material.

Railcar Impact Tests

The third full-scale Sandia test involved the high-speed crash of a rail-
car-mounted spent nuclear fuel package into the same concrete barrier used
in the truck crash tests (Huerta, 1981). The railcar system used in this test
was constructed around 1960 but was no longer in use at the time of the
tests. The package weighed about 68,000 kilograms (150,000 pounds). It
was mounted in a steel-frame railcar with a package encasement system of
about the same weight.

The transport package was larger than that used in the rail-crossing
test, but it had a similar construction.3! It was designed to carry 10 spent
fuel assemblies in water. For the purposes of this test, the package was
loaded with nine mock assemblies and one unirradiated assembly, and it
was filled with water. The package was mounted in the railcar with its
closure end facing forward (i.e., toward the impact end of the railcar). The
railcar and package were extensively instrumented with strain gauges and
accelerometers. The crash was recorded by high-speed photography using
both stationary and railcar-mounted cameras.

The test was conducted on September 27, 1977 (Figure 2.7). The rail-
car impacted the barrier at a speed of 131 kilometers per hour (82 miles per

311t had two stainless steel shells, 3.5 centimeters (1.375 inch) thick on the outside and 0.95
centimeter (0.375 inch) thick on the inside. The lead shielding was sandwiched between these
shells. The package head was attached to the body with 24 high-strength bolts.
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FIGURE 2.7 High-speed (131 kilometers per hour [82 miles per hour]) crash of a
spent fuel package mounted in a railcar into a massive barrier carried out at
Sandia National Laboratories in 1977. The railcar was destroyed in the crash,
but the package sustained only superficial damage. SOURCE: Sandia National
Laboratories.

hour). The impact crushed both the front end of the railcar and a spacer
device that was placed at the forward end of the package. The package
suffered some external damage to its cooling fins, but was otherwise un-
deformed. The package remained leaktight after the test. The fuel rods
themselves were undamaged, although one of the support brackets was
slightly distorted.

High-speed photography was used to estimate the deceleration-time
curves for the package. Maximum decelerations were calculated to be 32
g’s. The strain gauge data from the package and fuel showed that maximum
strains were below the elastic limits for these materials, which is consistent
with the observation of no permanent deformations of those objects.
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2.3.3 British Central FElectricity Generating Board Tests

In the early 1980s, the British CEGB undertook a testing program
aimed at improving understanding of the performance of spent fuel trans-
port packages. The program had three objectives:

1. Understand how to assess package impact resistance and demon-
strate compliance with regulatory requirements.

2. Estimate the probabilities of transport accident scenarios.

3. Demonstrate to the public that the Generating Board’s packages
that meet regulatory requirements will withstand severe accident conditions.

The impact performance of transportation packages was investigated
over a period of four years through a carefully planned progression of
analytical studies, scale-model testing, drop testing, and a full-scale crash
test. A discussion of these tests is provided in Blythe et al. (1984) and an
Institution of Mechanical Engineers (IME, 1985) report.

CEGB selected the Magnox package for this testing program. This
package has been used since the 1950s for transporting Magnox fuel3? to
the Sellafield site for reprocessing. By the early 1980s this package was
being used for most of CEGB’s fuel movements to Sellafield as well as
shipments to Sellafield by the Scotland Electricity Board and British Nuclear
Fuels Limited (BNFL). The package has undergone several design improve-
ments since being introduced into service. It has a monolithic cuboid body
with a bolted lid with welded steel fins for cooling. A photograph of this
package is shown in Sidebar 2.3. The package can hold up to 400 Magnox
fuel elements and 1 metric ton (1.1 short tons) of water for heat transfer
and radiation shielding. The loaded weight of the package is about 48
metric tons (53 short tons). The packages are transported mostly by train
on specially designed railcars called flatrols.

Analytical studies carried out under the CEGB project indicated that
because of their massive construction, the package body and package lid
would be unlikely to sustain major damage in an accident. Any damage
would likely be minor (e.g., bent cooling fins). These studies also suggested
that any package releases would most likely be caused through impacts that
result in bolt extension and decompression of the elastomer seals at the lid
closure (Dallard, 1985, p. 49).

Analytical studies and scale-model testing undertaken by CEGB had
shown that the maximum deformation would be sustained in a drop test in

32Magnox fuel contains uranium metal encased in a magnesium alloy “can.” The United
Kingdom now operates 6 Magnox reactors, down from a peak of 26. The first reactor (Calder
Hall) began operating in 1956 and is now shut down.
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which there is no package rotation at impact. To achieve this condition, the
drop tests were designed so that the center of gravity of the package was
located directly above the impact point. The drop tests were designed to
produce maximum deformation of the lid-body joint, because this would
have a direct effect on containment integrity. Tests were conducted using
one-quarter- and one-half-scale models and a full-scale package (shown in
Sidebar 2.3). The packages were instrumented by transducers to measure
forces on the bodies, lid displacements, and internal water pressures. Strain
gauges were fitted to the closure bolts to measure elongations. High-speed
photography was used to capture a detailed visual record of each test.
Two full-scale tests were carried out: In the first, the package was
dropped onto the corner of the lid, and the second public demonstration
test, the package was dropped onto the lid edge (Figure 2.8). The same
package was used for both tests. The “public demonstration” drop test was
conducted in March 1984. The package was filled with steel bars to simu-
late the Magnox fuel, and it also contained the other internal components
and water in a manner that would be typical in an actual package shipment.
It was pressurized to 100 pounds per square inch (6.9 bars) for leak testing.
A detailed discussion of the results of these tests is given in IME (1985).
There was generally good agreement between the measured accelerations
and displacements in the scale-model and in the full-scale drop tests. It was
concluded that package behavior can be characterized accurately in scale-
model tests “provided that all the important features are accurately repre-
sented in the models” (Barnfield and Donelan, 19835, p. 82; see Sidebar 2.3).
A small decrease in internal package pressures (ranging from about 1.5
to 6 pounds per square inch [0.1 to 0.4 bar]) was measured in both the
scale-model and the full-scale drop tests. High-speed photography of the
full-scale and half-scale tests showed a water spray from the lid-body joint
lasting about 20 milliseconds. The water loss from one of the full-scale tests
was estimated to be on the order of a few liters. Calculations based on this
observation suggested that the associated radiological releases would have
been less than about 5 percent of the amount permissible under TAEA
regulations for accident conditions.?3
The next phase of the CEGB study involved the identification of pack-
age transport impact hazards along transport routes. The objective of this
hazard analysis was to estimate the probability of occurrence of various
accident scenarios for use in designing the full-scale impact tests. Most
spent fuel transport in the United Kingdom is carried out using rail, so the
analysis focused on the identification of potential hazards along current
and future rail routes used to transport packages to Sellafield. CEGB recog-

33These are given by the A, values described in Sidebar 2.1.
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FIGURE 2.8 Preparation of a Magnox spent fuel package (behind the workers on
the scaffold) for the March 1984 CEGB free-drop test. The package was subjected
to a 9-meter (30-foot) drop onto an unyielding surface. SOURCE: Magnox Elec-
tric Ltd.

nized that most people would have difficulty comparing the severity of a 9-
meter drop test required by the regulations to a rail accident that might
occur when a package was being transported at high speeds on the British
rail system. This test was designed to provide a graphic demonstration of
such a rail accident.

Information was collected on topography, geology, tunnel and bridge
abutments, mobile hazards such as road vehicles and aircraft, and previous
railway collisions. This information was used to construct event trees (e.g.,
see Figure 2.3) that could be used to assess the probability of future acci-

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

96 GOING THE DISTANCE?

dent occurrences. The hazard analysis identified a range of potential events
and estimated their probabilities of occurrence. The most likely accident
scenarios range from derailments (5 chances in a hundred per year [5 x 102
per year]) to the impact of a package onto rock from a height exceeding 20
meters (70 feet) (1 chance in 100 million per year [1 x 1078 per year]).

Two scenarios were considered initially for the full-scale crash test
(Hart et al., 1985a, p. 116) based on the hazard analysis: (1) package-
flatrol impact following a fall of 20 meters (65 feet); and (2) a package-
flatrol striking a bridge or tunnel abutment at a speed exceeding 20 meters
per second (about 45 miles per hour), which was the speed limit for trains
carrying spent fuel packages at the time these tests were carried out.’* A
third scenario was added because it was frequently mentioned as a cause of
public concern: a derailed package-flatrol struck by a train traveling at a
closing speed of greater than 20 meters per second (45 miles per hour).
Other possible scenarios were eliminated from consideration because they
were thought to have a very low probability of occurrence. These included
aircraft impacts, explosions, and blasts.

The third scenario (train crash into a derailed package-flatrol) was
finally selected for demonstration because model tests showed that of the
three scenarios, this one would inflict the most damage on the package
closure. The testing was limited to one full-scale crash because of cost and
logistical considerations.

The crash test was carried out using the heaviest locomotive in service,
which had an operating weight of about 140,000 kilograms (310,000
pounds) and a maximum operating speed approaching 45 meters per sec-
ond (100 miles per hour). Three passenger coaches were hooked to the
locomotive to “add realism to the test” (Collins et al., 1985, p. 206), even
though calculations suggested that they would not increase its severity.

The test configuration chosen was similar to that used for the drop test:
an impact on the package-closure joint with the center of mass of the
locomotive aligned with the center of mass of the package to minimize
rotational forces. The same package body used in the drop tests was used
for this crash test, but it was fitted with a new lid. The package was
mounted on a flatrol railcar, which was turned on its side and laid diago-
nally across the track so that the front coupler on the locomotive was
aligned with the package-closure joint (Figure 2.9). The locomotive and
package were instrumented with accelerometers and strain gauges, and the
test was recorded using high-speed photography.

The test was carried out at a test track at Old Dalby in Leicester,

34This speed limit has since been raised to 65 miles per hour (104 kilometers per hour).
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FIGURE 2.9 Configuration for the July 1984 full-scale crash test of a Magnox
spent fuel package carried out in Leicester, England by the CEGB. The Magnox
package was mounted on a flatrol railcar, which was turned on its side and laid
diagonally across the track as shown in this photograph. The wires leading away
from the package are connected to instruments for monitoring conditions during
the early phases of the crash. SOURCE: Magnox Electric Ltd.

England on July 17, 1984, and was shown live on national television.? In
the crash, which was described as “first and foremost a visual spectacle”
(Hart et al., 1985b, p. 234; Figure 2.10), the package suffered only superfi-
cial damage. The peak recorded acceleration, about 49 g’s, occurred about
10 milliseconds after impact. The pressure within the package was checked
after the crash and was found to have decreased by 0.012 megapascal,
corresponding to a fluid loss of about 0.5 liter (Hart et al., 1985b, p. 234).
A significant observation from this test is that the peak force on the
package during the test (29 meganewtons [MN]) was considerably less than
the peak force in the 9-meter drop test (75 MN) on the same package. In
other words, this visually spectacular crash was actually a much less severe
mechanical test of package containment than the 9-meter free-drop test
used in the TAEA standards and USNRC regulations (see Sidebar 2.1).

35A video of this test is available on the Department of Energy’s Web site at http:/fwww.
ocrwm.doe.gov/newsroom/videos.shtml.
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FIGURE 2.10 Full-scale crash test of a Magnox spent fuel package carried out in
Leicester, England by the CEGB in July 1984. This photograph was taken just after
the locomotive, which was traveling at 100 miles per hour (45 meters per second),
collided with the package and flatrol. The collision has lifted the package and
flatrol off the ground. SOURCE: Magnox Electric Ltd.

2.3.4 Package Performance Study

In 1999, the USNRC initiated a five-year project, referred to as the
Package Performance Study, which had the following three objectives
(USNRC, 2003c, p.4):

1. Assess whether finite element analysis is a valuable tool for char-
acterizing package and fuel response in extreme thermomechanical
environments.

2. Demonstrate the inherent safety of spent fuel package design using
public outreach as a significant element.

3. Refine dose and risk estimates to the public and workers through
the collection of additional empirical data and improved transportation
statistics.

USNRC staff embarked on an effort to obtain public input to inform

this study. Initially, the staff held public meetings and solicited comments
through its Web site to identify concerns that could be addressed in this
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study. An analysis of these comments by Sandia National Laboratories
(Sprung et al., 2001) identified several common concerns: Some commenters
asserted that the regulatory testing requirements in 10 CFR Part 71 were
unconvincing as a demonstration of a transport package’s performance
under severe accident conditions. They wanted more realistic full-scale test-
ing to demonstrate package performance. Some members of the public also
thought that the accident statistics used in the analytical studies of package
performance in severe accidents (e.g., the 1987 modal study) needed to be
reanalyzed in light of increased truck traffic and vehicular speed limits on
interstate highways.

USNRUC staff then held additional public meetings to help them assess
the accuracy of the Sprung et al. (2001) analyses of public comments and to
obtain additional comments on a set of proposed package tests. These
comments were used to develop a set of draft protocols for extraregulatory
tests of rail and truck packages (USNRC, 2003c¢). Two draft protocols were
proposed:

1. High-speed (75 miles per hour [120 kilometers per hour]) impact
tests involving drops of rail and truck packages from a tall tower onto an
essentially unyielding surface. The rail package drop would be a package-
corner-over-center-of-gravity test with the impact limiter in place. The truck
package drop would be onto the package body in a so-called back-breaker
orientation that bypassed the impact limiters.

2. A fire test for both the rail and the truck packages that would
involve a fully engulfing, optically dense hydrocarbon fire of a greater-than-
30-minute duration.

Both of these tests are extraregulatory in the sense that they would
exceed the test requirements in 10 CFR Part 71 (Sidebar 2.1). The 9-meter
free-drop test, for example, produces, neglecting windage, a terminal speed
of 13.3 meters per second, which is approximately 30 miles per hour (or
approximately 48 kilometers per hour). This impact speed is much lower
than the 75 mile per hour (120 kilometers per hour) impact speed envi-
sioned in the staff’s draft test protocol.

USNRC staff proposed to perform full-scale testing on two packages
that are currently certified in the United States. These packages are similar
in construction to the generic packages that were used in Sandia’s spent fuel
shipping risk reexamination (Sprung et al., 2000).

These draft testing protocols were put out for additional public com-
ment. USNRC staff identified several groups of suggestions from the public
comments on the draft testing protocols (USNRC, 2004c): full-scale testing
should be conducted to regulatory limits; tests should be based on realistic
accident scenarios; they should be designed to test packages to failure; and
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they should address terrorist acts. USNRC staff commented in its recom-
mendations to the Commissioners (USNRC, 2004c, p. 3) that having realis-
tic accident scenarios and testing to failure are incompatible goals. Staff
also noted that terrorism was being addressed in other studies currently
under way within the USNRC that “are not suitable for the public partici-
patory approach.”

USNRUC staff rejected the suggestion to test packages to failure as unre-
alistic and unworkable for the following reasons: There is no readily agreed-
upon definition of package failure among various stakeholders; package
failure is a design-specific issue that would have little generic application to
risk insights; and there are no realistic accident scenarios that are suffi-
ciently severe to lead to package failure.

USNRUC staff also decided to eliminate extraregulatory testing. In its
place, staff recommended to the Commissioners that one or more of the
following tests be carried out on full-scale truck and train packages:

e A test of a rail package to the regulatory limit. This would subject
a rail package with impact limiters to the regulatory tests in 10 CFR Part 71.

e A test of a truck package with its impact limiters to the same
regulatory limits, except that the 2-megapascal pressure test might be elimi-
nated if the truck and rail packages are tested in combination.

e A full-scale crash demonstration of a rail package with impact
limiters and its railcar with a simulated bridge abutment at about 75 miles
per hour (120 kilometers per hour), followed by a fire from a ruptured
tank car.

e A full-scale crash test of a truck package with impact limiters and
its trailer by a locomotive traveling at about 75 miles per hour (120 kilome-
ters per hour) on a grade crossing followed by a fire.

The staff proposed to the Commissioners a testing protocol involving
various combinations of these tests, as well as an option to perform the
extraregulatory tests originally outlined in USNRC (2003c¢). In December
2004, the Commissioners approved a modified full-scale test that will be
carried out when funds are made available by Congress (USNRC, 2004d).
USNRC staff was directed to plan for a demonstration test involving a
single rail spent fuel package involved in a “viable” transportation acci-
dent. The Commissioners directed that

the test should consist of a simulated rail crossing with a train traveling at
an appropriate speed colliding at a ninety degree angle with a transporta-
tion cask on its rail carrier car in a normal transportation configura-
tion. . . . The test will consist only of the collision and the natural results
of that collision. No separate fire testing or immersion testing will be
conducted on the cask.
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The Commissioners directed USNRC staff to prepare an information paper
that provided details and estimated costs of the test.

The requested information paper was submitted to Commissioners in
March 2005 (USNRC, 2005a). The staff proposed a test involving a full-
scale package of the kind that is likely to be used by the Department of
Energy (DOE) in its Yucca Mountain transportation program. The package
would contain surrogate fuel elements and would be mounted on a rail
carrier car placed at 90 degrees to a simulated rail crossing. The rail pack-
age would be subjected to a collision with a locomotive and several freight
cars traveling at 60 miles per hour (96 kilometers per hour). In accordance
with the Commissioners’ December 2004 directive, no fire or immersion
testing was included in the proposed testing plan.

The Commissioners approved this proposed test in June 2005 (USNRC,
2005b). In addition, the Commissioners reversed their earlier instructions
concerning the thermal test, directing the staff to “add a fire test sce-
nario . . . involving [a] fully engulfing, optically dense, hydrocarbon fire
for a duration of one-half hour post-collision.” The Commissioners di-
rected staff to inform it of the details and estimated costs for the proposed
fire test. They also noted that the proposed test plan provided by staff
(USNRC, 2005a) “is not the final word on this issue, as the project is
subject to additional modifications and Commission direction once addi-
tional information becomes available.” The Commissioners directed staff
to engage with higher-level management in DOE to request financial sup-
port for the demonstration test and to request increased funding from
Congress if DOE is unable to provide support.

2.4 CRITICAL ASSESSMENT OF PACKAGE PERFORMANCE

It is clear to the committee that package performance under severe
accident conditions is a major concern for transportation safety among
many members of the public, especially those who live and work along
shipping routes. Finding a way to resolve this issue continues to be a chal-
lenge to regulators in the United States and may eventually become a chal-
lenge for DOE and the private sector in their commercial spent fuel trans-
portation programs.

The packages used to transport spent fuel and high-level waste are
designed to contain their radioactive contents under normal transport con-
ditions and to withstand accident conditions without an increase in exter-
nal radiation to levels that would endanger emergency responders or the
general public. The package performance standards developed by the IAEA
and embodied in USNRC regulations (Sidebar 2.1) were developed to help
ensure that properly manufactured, certified packages provide such con-
tainment effectiveness. The 9-meter regulatory free-drop test onto an essen-
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tially unyielding surface, for example, is a more severe mechanical test of
package performance than has been produced in any of the severe full-scale
crash tests described in this chapter (see Section 2.3).

The safety of transporting spent fuel and high-level waste depends to a
great extent on the “inherent” safety of transportation packages to contain
their contents even under severe accident conditions. The committee ob-
serves that while the full-scale crash tests described in this chapter have
imposed mechanical conditions on packages that are less severe than the
regulatory free-drop test, some of these tests have resulted in small releases
from package containments.3®¢ However, these releases would not have
exceeded regulatory limits, which have as their goal the protection of emer-
gency responders and the general public. The committee judges that the
regulatory free-drop test imposes mechanical forces that are severe enough
to bound conditions likely to be encountered in foreseeable real-life acci-
dents. At the same time, the committee understands that any releases of
radioactivity could have substantial social risk implications (see Chapter 3).

The accident reconstruction and modeling studies described in Sec-
tion 2.2.3 suggest that there may be a very small number of credible acci-
dent conditions involving very long duration, fully engulfing fires3” that are
potentially capable of damaging the seals on transportation packages if
such fires are allowed to burn in an uncontrolled manner for long periods
of time. Such damage could potentially lead to the release of radioactive
material from the package through the processes described in Sidebar 2.5.

The potential for radioactive material releases from packages involved
in such fires and the consequences of such releases are incompletely under-
stood at present. USNRC staff has completed a solid technical analysis of
the response of one package design to a realistically extreme thermal event
resulting from the Howard Street tunnel fire. Additionally, staff are com-
pleting analyses of the performance of two additional package types for this
fire exposure (see footnote 22 in this chapter). The committee judges that
additional analyses of this type are needed to better understand package
performance for realistic accident conditions involving very long dura-
tion fires.

36The releases described in this chapter consisted of water that leaked from the package
interiors. This water may have been slightly contaminated with radioactive material from the
fuel rod cladding (crud), but the fuel itself remained intact. It is important to note that in the
United States, packages now in use to transport commercial spent fuel are filled with inert
gas, not water. Inert gas is a much less efficient medium than water for transporting radioac-
tive contamination out of leaking packages.

37The committee uses this term to describe fires that burn for periods of hours (or longer).
Such fires could produce thermal loading conditions that exceed those for the regulatory
thermal test specified in 10 CFR 71.73. Some of the real-world accidents described in this
chapter involved fires that burned for hours to days.
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The number of additional analyses might be small in number, especially
if they focused on fire scenarios that would essentially bound expected real-
world accident conditions,?® and if they examined the performance of a
representative set of package designs that are likely to be used in future
large-quantity shipping programs. The analyses have to address both the
containment effectiveness of packages in response to very long duration
fires and the consequences of any radioactive releases that result from
package seal failures.

The purpose of these analyses would be to inform changes, if needed, to
regulatory and operational practices to reduce the likelihood of occurrence
and potential consequences of accidents involving very long duration fires.
At least two options are available to regulators and implementers if such
changes are needed:

1. Operational steps to reduce the likelihood of occurrence of long-
duration fires during spent fuel transport, and/or

2. Design or testing requirements to improve the thermal resistance of
transportation packages.

The first option would clearly be preferable from a cost and implemen-
tation standpoint. The objective of taking such operational steps would be
to reduce the potential for accidents between trucks or trains carrying spent
fuel and other vehicles carrying large quantities of flammable materials,
especially flammable liquids, in places where it might be difficult to mount
an effective firefighting response.3® Operational controls are used routinely
by railroads to control transportation hazards. Such controls would prob-
ably be more easily implemented and enforced when shipments of spent
fuel and high-level waste are made by dedicated train.

The second option would be more difficult and expensive to imple-
ment, because it very likely would require expensive changes to regulatory
testing requirements and some existing package designs. However, there
would be no reason to change the testing requirements or package designs
if effective operational controls could be implemented.

The committee received several comments at its meetings on the testing
of transportation packages under extreme loading conditions, especially

38The historical accident record provides perhaps the best available information to identify
bounding accident scenarios. For example, the Livingston, Louisiana, fire (see Table 2.2) and
Summit Tunnel fire (see Section 2.2.3 and Figure 2.4) are possible examples of bounding
scenarios.

39Tunnel fires are of special concern because of access restrictions that can delay or prevent
an effective firefighting response. Such delays could allow the fires to burn in an uncontrolled
manner for long periods of time.
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with respect to the USNRC’s Package Performance Study. Many comment-
ers asserted that the regulatory testing requirements in 10 CFR Part 71 are
unconvincing as a demonstration of a transport package’s performance
under severe accident conditions. They wanted realistic full-scale testing to
be conducted to demonstrate package performance. The State of Nevada
suggested that comprehensive full-scale testing would improve the overall
safety of the package and vehicle system and enhance confidence in risk
analysis techniques. Full-scale testing was proposed as a way to potentially
increase the acceptance of spent fuel shipments by state and local officials
and members of the general public and to “potentially reduce adverse social
and economic impacts caused by public perception of transportation risks”
(Hall, 2003, p. 3).

Full-scale testing can be used to determine how packages will perform
under both regulatory and credible extraregulatory conditions. To be of
value, however, the committee believes that extraregulatory tests must be
designed to closely mimic conditions that would reasonably be expected to
be encountered in actual service. The test program undertaken by the CEGB
in the 1980s (Section 2.3.3) provides an excellent example of the appropri-
ate use of full-scale testing. In that program, the full-scale test was the end
point of a much larger deliberative investigation of the conditions that
could be encountered during transport of spent fuel. The full-scale test was
used both to validate the analytical and scale-modeling work that had been
carried out beforehand, and at the same time to provide a demonstration of
the containment effectiveness of the packages in a way that could be appre-
ciated by the general public.

The USNRC’s Package Performance Study has elements of an appro-
priate full-scale testing program. The design for a full-scale test was devel-
oped through a deliberative process that involved technical analysis and
provided many opportunities for public comment. However, none of the
tests that emerged from this process were selected by the USNRC for execu-
tion. In fact, the scenario that was selected (a collision between a locomo-
tive and a package mounted on a railcar placed at 90 degrees to the rail
crossing in an upright position; see Section 2.3.4) duplicates many features
of the rail-crossing impact test carried out by Sandia National Laboratories
more than 25 years ago. One very important difference between the Sandia
test and the currently proposed test is the packages selected for testing. The
Sandia test used an obsolete truck transport package. The proposed test
would use a rail package that is currently certified and of the type to be used
by DOE for transport of spent fuel to the federal repository. If executed
properly, this full-scale test will be valuable for validating scale-model and
computer simulations of package performance and thereby increasing con-
fidence in current regulatory testing approaches. The test is also likely to be
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visually powerful and could provide the public with useful information
about the performance of transportation packages.

The committee also endorses package testing studies that integrate
full-scale testing, scale-model testing, and finite element and associated
structural analysis methods to demonstrate compliance with regulatory
standards. These analysis methods allow a much wider variety of failure
scenarios to be examined than is possible with full-scale testing alone. The
analysis codes (e.g., LS DYNA, PRONTO) have been well benchmarked for
these applications. Full-scale testing has two primary uses in this integrated
test regime. First, it can be used to validate the computer codes for each
package design, thus providing additional confidence in package perfor-
mance under real-world conditions. Second, it provides a direct demonstra-
tion of a package’s ability to meet specific regulatory test conditions.

Several participants at the committee’s information-gathering meetings
strongly urged that testing to failure should be carried out on all package
designs that will be used to transport spent fuel and high-level waste to
Yucca Mountain. However, they were not clear on what would constitute a
failure. When pressed for specifics, the committee understood that what
was generally meant was that full-scale testing should be carried out to
destruction, presumably to establish the ultimate strength of transportation
packages. The State of Nevada specifically recommended that the USNRC
undertake an evaluation of the costs and benefits of destructive testing of a
randomly selected production model cask (Hall, 2003, p. 3).

The principal argument in favor of destructive testing is that it can
provide information on the magnitudes of thermomechanical loads required
to eliminate containment effectiveness, thus establishing a “safety factor”
for a given package design. There are significant drawbacks to this ap-
proach, however. Most importantly, each of the tests would involve only
one thermal or mechanical loading condition out of the set of many pos-
sible conditions, and the selected loading condition would likely far exceed
what could reasonably be expected to occur even in the most extreme real-
world accidents. Moreover, a separate package might have to be acquired
for each test, which would greatly increase the costs of a testing program
for even a single package design.

It is important to recognize that any transportation package could be
destroyed if no limits are placed on the loads that act upon it. Moreover,
the failure of a package, in the sense that it can no longer perform its
intended containment function, will generally occur under conditions that
are much less severe than needed for destruction. Consequently, even if
costs were not prohibitive, testing to destruction would provide little or no
insight into the conditions that would cause a loss of package containment
under real service conditions.
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Even full-scale testing to failure could be problematical. Because exam-
ining the multitude of possible accident conditions and failure scenarios
through full-scale testing is clearly impractical, the committee judges that
the bounding approach that the IAEA has established is entirely appropri-
ate. The approach is one that reflects four plausible accident-like condi-
tions: free drop, puncture, thermal exposure, and water immersion (see
Sidebar 2.1).

The important question to be answered by testing is not whether a
package could be made to fail; as noted previously, it would certainly be
possible to design tests that would accomplish this goal. Rather, the ques-
tion that needs to be answered is whether there are credible accident condi-
tions that would result in releases of radioactivity to the environment that
would endanger emergency responders or the general public. It is clear from
the modeling and full-scale tests described in this chapter that transporta-
tion packages are extremely rugged. The committee judges that packages
designed, fabricated, used, and maintained under current regulatory stan-
dards are very unlikely to encounter loading conditions under real-world
conditions, with the possible exception of very long duration fires, that
would lead to releases in excess of regulatory limits. The committee recog-
nizes, however, that even minor releases from package containment might
have important social implications. These are discussed in Chapter 3.

2.5 PACKAGE PERFORMANCE FINDINGS
AND RECOMMENDATIONS

The committee offers the following findings and recommendations
based on the analysis of package performance provided in this chapter.

FINDING: Transportation packages play a crucial role in the safety of
spent fuel and high-level waste shipments by providing a robust barrier to
the release of radiation and radioactive material under both normal trans-
port and accident conditions. International Atomic Energy Agency package
performance standards and associated Nuclear Regulatory Commission
regulations are adequate to ensure package containment effectiveness over
a wide range of transport conditions, including most credible accident con-
ditions. However, recently published work suggests that extreme accident
scenarios involving very long duration, fully engulfing fires might produce
thermal loading conditions sufficient to compromise containment effective-
ness. The consequences of such thermal loading conditions for containment
effectiveness are the subject of ongoing investigations by the Nuclear Regu-
latory Commission and other parties, and this work is improving the under-
standing of package performance. Nonetheless, additional analyses and
experimentation are needed to demonstrate a bounding-level understand-
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ing of package performance in response to very long duration, fully engulf-
ing fires for a representative set of package designs.

RECOMMENDATION: The Nuclear Regulatory Commission should build
on recent progress in understanding package performance in very long
duration fires. To this end, the agency should undertake additional analyses
of very long duration fire scenarios that bound expected real-world accident
conditions for a representative set of package designs that are likely to be
used in future large-quantity shipping programs. The objectives of these
analyses should be to

e Understand the performance of package barriers (spent fuel cladding
and package seals);

¢ Estimate the potential quantities and consequences of any releases of
radioactive material; and

e Examine the need for regulatory changes (e.g., package testing re-
quirements) or operational changes (e.g., restrictions on trains carrying
spent fuel) either to help prevent accidents that could lead to such fire
conditions or to mitigate their consequences.

Strong consideration should also be given to performing well-instrumented
tests for improving and validating the computer models used for carrying
out these analyses, perhaps as part of the full-scale test planned by the
Nuclear Regulatory Commission for its package performance study.

Based on the results of these investigations, the Commission should
implement operational controls and restrictions on spent fuel and high-level
waste shipments as necessary to reduce the chances that such fire conditions
might be encountered in service. Such effective steps might include, for
example, additional operational restrictions on trains carrying spent fuel
and high-level waste to prevent co-location with trains carrying flammable
materials in tunnels, in rail yards, and on sidings.

FINDING: The committee strongly endorses the use of full-scale testing to
determine how packages will perform under both regulatory and credible
extraregulatory conditions. Package testing in the United States and many
other countries is carried out using good engineering practices that combine
state-of-the-art structural analyses and physical tests to demonstrate con-
tainment effectiveness. Full-scale testing is a very effective tool both for
guiding and validating analytical engineering models of package perfor-
mance and for demonstrating the compliance of package designs with per-
formance requirements. However, deliberate full-scale testing of packages
to destruction through the application of forces that substantially exceed
credible accident conditions would be marginally informative and is not
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justified given the considerable costs for package acquisitions that such
testing would require.

RECOMMENDATION: Full-scale package testing should continue to be
used as part of integrated analytical, computer simulation, scale-model, and
testing programs to validate package performance. Deliberate full-scale
testing of packages to destruction should not be required as part of this
integrated analysis or for compliance demonstrations.
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Transportation Risk

he original statement of task for this study (Sidebar 1.1) directs the

committee to examine the “principal risks” for transporting spent

fuel and high-level waste; determine how well these risks are under-
stood; and compare them to other risks that confront members of society.
Those tasks are addressed in this chapter.

As noted in Chapter 1, risk is a multidimensional concept: It includes
health and safety risks that arise from exposures of workers and members
of the public to radiation from shipments of spent fuel and high-level waste.
It also includes social risks that arise from social processes! and people’s
perceptions,? even in the absence of radiation exposures. The health and
safety risks and social risks are collectively referred to as societal risks in the
statement of task given in Sidebar 1.1.

A great deal of work has been carried out over the past four decades to
understand the risks (Sidebar 3.1) arising from the transport of spent fuel,
both in the United States and abroad. Although the principal focus of this

1Social process is defined as “a characteristic mode of social interaction” (Webster’s Third
New International Dictionary). Social interactions shape the communities in which people
live by, for example, influencing choices about where to purchase or rent a home, where to
work, and where to send children to school.

2Perception is defined as the “integration of sensory impressions of events in the external
world . . . as a function of nonconscious expectations derived from past experience” (Web-
ster’s Third New International Dictionary). Perceptions can have a strong influence on
peoples’ behavior, whether or not such perceptions are an accurate picture of reality.

109
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SIDEBAR 3.1 Background on Risk

Risks for spent fuel and high-level waste transportation arise from conventional
vehicular accidents and exposures to ionizing radiation under both normal and
accident conditions. Radiation risks are primarily a concern for people who live
near, or travel on, spent fuel shipment routes.

Risk considers both the likelihood of occurrence of a specific hazard and its
consequences. Frequently, one considers several scenarios that involve different
kinds of hazards, each with a different likelihood of occurrence and consequence.
One way in which risk can be expressed is in terms of a triplet (Kaplan and Garrick,
1981):

Risk = f (scenarios, probability, consequences),
Where, for spent fuel shipments,

* Scenarios represents transport conditions that can lead to an exposure to
ionizing radiation from either routine operations or severe accidents,

* Probability expresses quantitatively the likelihood that a scenario will actu-
ally occur during one shipment; it is expressed as a dimensionless quantity that
ranges in value from 0 (impossible) to 1 (certain)—for example, a probability of 0.5
indicates that a particular scenario has a 50 percent chance of occurring, and

e Consequences describe the undesirable results if the scenario does occur:
for example, undesirable health effects.

The risks from spent nuclear fuel transport can be characterized by several
measures. For example, risk can be expressed in terms of the expected number of
deaths per quantity of spent fuel transported, per number of packages shipped, or
per number of package shipments. It also could be expressed in terms of the
number of deaths expected for a specific subpopulation exposed to ionizing radia-
tion, for example, the subpopulation of transportation workers. Although they are
difficult to quantify, consequences may also include socioeconomic outcomes.

The choice of scenarios and consequences selected for a risk calculation can
make a difference in how that risk is understood by potentially affected popula-
tions. A risk may be understood as low by one measure in comparison to another,
even though the same risk is being considered (NRC, 1996). This has implications
for informing decision makers, for communicating about risks with non-experts,
and for the legitimacy of risk comparisons in the eyes of interested and affected
people (NRC, 1989, 1996). Comparing risks arising from fundamentally different
activities also requires care in the selection of appropriate scenarios and conse-
quences. This point is discussed in more detail elsewhere in this chapter.

report is on transportation in the United States, much can be learned from
international experiences. Spent fuel and high-level waste are being trans-
ported in many other countries, in some cases in much greater quantities
than in the United States. The committee has drawn upon the experiences
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of foreign transportation programs to inform its judgments. This informa-
tion has been acquired through the review of published documents and
from first-hand experience.’

Transportation risks can arise both during normal transport operations
and from accidents involving loaded spent fuel or high-level waste shipping
packages.* Table 3.1 describes the transportation impacts for these two
operational scenarios. These risks can also arise from incidents (e.g., terror-
ist attacks) involving packages containing spent fuel or high-level waste;
such incidents are not addressed in this report (see Section 1.2).

The health and safety risks to be discussed in this chapter arise from
exposures of people who travel, work, or live near transportation routes,
and transportation workers themselves, to radiation (Sidebar 3.2) from
loaded spent fuel and high-level waste transportation packages. During
normal operations, such exposures can occur as the result of radiation
shine> from transportation packages loaded with spent fuel or high-level
waste. Although the radiation doses to individuals near transport routes are
likely to be very low, large numbers of individuals may receive exposures,
producing a “collective dose” that can be used to estimate health impacts
(see Sidebar 3.3). Degradation and/or loss of package containment in a
severe accident has the potential to increase such radiation exposures and
possibly result in the release of radioactive material from the package to the
environment, although the committee notes in Chapter 2 that the robust
design of transportation packages makes such releases unlikely.

Health and safety risks are frequently characterized in terms of human
health effects: for example, injuries and loss of human life. Modern society
generally considers such consequences to be the most severe harms that can

3Committee member Clive Young has extensive experience with the transport of spent fuel
in the United Kingdom. In addition, a group of committee members visited Germany and the
United Kingdom in September 2004 (see Appendix B) to obtain first-hand information about
European transportation programs.

4International Atomic Energy Agency regulations for the safe transport of radioactive mate-
rials define three levels of severity for transportation conditions: routine conditions of trans-
port, normal conditions of transport, and accident conditions of transport. Routine condi-
tions are free of any transport mishaps; normal conditions can involve minor mishaps due to
rough handling or exposure to weather. Accidents subject packages to severe conditions that
well exceed normal conditions of transport.

STransportation packages contain heavy shielding to protect workers and the public from
the radiation emitted by the spent fuel or high-level waste contained within them. The pack-
ages are effective in shielding well over 99 percent of this emitted radiation, but a small
amount (below regulatory limits) of radiation, primarily gamma rays, can escape from the
interior of the packages and provide external doses to workers and the public. This report
uses the term radiation shine to refer to this external radiation.
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TABLE 3.1 Transportation Risks Examined in this Report

Transportation Impacts

Transportation
Conditions Health and Safety Risks Social Risks
Normal Health impacts arising from the Direct socioeconomic impacts:
emission of radiation (i.e., loss of economic or social well-
radiation shine) from being as a direct result of
transportation packages transportation program
operations
Perception-based impacts:
anxiety and associated illness;
loss of property values; and
reduced economic activity
Accidents Health and environmental Direct socioeconomic impacts:
impacts arising from elevated Temporary loss of transportation
radiation and/or the physical route use and associated business
release of radioactive material as  disruptions such as a loss of
a result of the degradation or tourism

loss of package containment
Perception-based impacts: social
amplification of the normal
impacts as a result of accidents;
these can result in secondary or
tertiary impacts, including
stigmatization of people and
places; loss of trust in
transportation program
management; moratorium on
transportation program
operations; and/or increased
program costs

result from any hazard, especially anthropogenic hazards that can be con-
trolled through regulation. Society places a high value on human life and
routinely demands that governments strictly regulate life-threatening haz-
ards. Reductions in severe injuries and loss of human life are generally
considered to be primary measures of regulatory effectiveness. Because of
this emphasis on protecting human life, risk assessment experts have devel-
oped methodologies to quantitatively estimate risks to human life. Side-
bar 3.1 provides a description of one way in which such risks are estimated.
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Social risks can have both direct socioeconomic and perception-based
impacts such as those shown in Table 3.1. These risks may reduce the
desirability of living and working in communities associated with spent fuel
and high-level waste transportation operations. The social risks of interest
in this chapter are harder to measure than the corresponding health and
safety risks, and even identifying cause-and-effect relationships can be diffi-
cult. The impacts of social risk occur within a much larger sphere of social
and economic activities that can mask important effects. The measurement
of perception-based impacts can be especially difficult, because it frequently
requires the use of surveys to measure people’s anticipated, rather than
actual, behaviors.

The health and safety risks and the social risks associated with spent
fuel and high-level waste transportation can have significant interactions.
Increases in radiation exposures or in the incidence of health effects from
transportation operations (e.g., because of well-publicized mishaps, acci-
dents, or fatalities) may, over time, increase the perception-based impacts.
On the other hand, transportation operations that are carried out without
demonstrable health impacts may, over time, reduce the perception-based
impacts. A shipping incident or accident that leads to a moratorium on
transportation operations might well change the entire profile of social
risks associated with a transportation program.

There is another class of nonradiological impacts that are not consid-
ered in detail in this chapter: conventional vebicular impacts associated
with the transportation of spent fuel and high-level waste. These include the
health impacts of exhaust emissions from transport conveyances and ve-
hicular accidents that result in fatalities, injuries, and property damage.
While these impacts are real and predictable, they generally do not garner
the same level of awareness or concern among members of the public as the
radiation-based impacts described previously. Moreover, it could be argued
that given the higher standards for driver training and equipment mainte-
nance, and the conduct of vehicle and package inspections and operations
for spent fuel and high-level waste transportation, conventional vehicular
impacts associated with accidents would actually be lower than for other
types of hazardous materials or heavy-freight transport. In any case, spent
fuel and high-level waste transportation programs are a very small compo-
nent of the overall transport system for hazardous materials, as measured
both by load mass and by volume of traffic.

The committee provides an examination of health and safety risks of
spent fuel and high-level waste transportation in Section 3.1. The social
risks are examined in Section 3.2, and the risk comparisons called for by
the study charge (see Sidebar 1.1) are described in Section 3.3. The com-
mittee’s findings and recommendations on transportation risks are pro-
vided in Section 3.4.
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SIDEBAR 3.2 Radiation Dose

Materials that are radioactive are unstable (i.e., the nuclei in the atoms of the
material possess too much energy) and transform spontaneously (decay) through
the emission of radiation. This radiation may be in the form of energetic particles,
such as alpha particles, beta particles, or neutrons, or energy may be emitted in
the form of electromagnetic radiation (e.g., gamma rays). Collectively these emis-
sions are known as ionizing radiation because they are sufficiently energetic to
directly or indirectly ionize the matter (i.e., remove electrons from the atoms) they
travel through.

Absorption of radiation energy by a cell of a living organism can alter its chem-
ical and physical state. The absorption of large amounts of radiation can produce
short-term or “acute” effects in the cell. The most severe effect would be cell death.
Small amounts of radiation (not sufficient to cause cell death) potentially can dam-
age the cell’s genetic material (i.e., DNA contained in the chromosomes). If the
cell’s natural repair mechanisms cannot repair this damage correctly, it may lead to
the induction of cancer at some future time. Because of the long time periods
involved in their development, such cancers are referred to as “latent.”

The following quantities are commonly used to characterize radiation expo-
sures in living organisms:

* Absorbed dose. The quantity of ionizing radiation deposited into an organ or
tissue, expressed in terms of the energy absorbed per unit mass of tissue. The
basic unit of absorbed dose is the rad or its Sl (international system of units, also
known as the metric system) alternative the gray (Gy; 1 Gy = 100 rad).

e Equivalent dose. The absorbed dose averaged over the organ or tissue of
interest multiplied by a weighting factor that accounts for the differences in biolog-
ical effects (per unit of absorbed dose) for different types of radiation. The weight-
ing factor ranges from 1 for X-rays and gamma rays to 20 for alpha particles and
some neutrons. The equivalent dose is expressed in units of rem or its Sl alterna-
tive the sievert (Sv; 1 Sv = 100 rem).

* Effective dose. A measure of dose that accounts for the differences in bio-
logical effects of different types of radiation and for the varying sensitivity of differ-
ent organs to the biological effects of radiation. Effective doses are also expressed
in rem or sieverts.

Radiation and radioactivity can be found in nature in a number of different
forms. The natural radiation environment consists of cosmic and solar radiation,
external radiation from radioactive materials present in rocks and soil, and inhaled

3.1 HEALTH AND SAFETY RISKS

Two approaches are used in this section to estimate the health and
safety risks of spent fuel and high-level waste transportation: (1) an exami-
nation of the worldwide record of spent fuel transport (Section 3.1.1); and
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and ingested radioactive materials from air, food, and water. These sources have
been present since the creation of Earth and provide an effective dose to all living
organisms. The table below shows that, worldwide, the average annual effective
dose to individuals is about 2.4 millisieverts (mSv; 240 millirem). This annual expo-
sure is a good starting point to use in judging the magnitude of equivalent doses
received from man-made sources. The National Council on Radiation Protection
and Measurements (NCRP, 1987) estimates that man-made sources of radiation
and radioactivity contribute an additional effective dose of 0.6 mSv (60 millirem)
annually to an average person living in the United States. Most of this dose is due
to medical procedures such as diagnostic X-rays and nuclear medicine proce-
dures. Since the NCRP report was published, new diagnostic medical procedures
that utilize ionizing radiation (especially computed tomography scanning) have
come into wide use in the United States. Consequently, the average annual doses
from medical procedures are probably increasing.

It is important to keep in mind that the effective dose statistics presented in this
sidebar are averages. Individuals can receive much more or much less than the
average depending on where they live (i.e., location as well as height above sea
level), the type of house in which they reside, their occupation, the medical proce-
dures they undergo, and many other factors determined by the individual life-style
(e.g., air travel, watching television, diet).

TABLE Worldwide Exposure to Natural Sources of Radiation
and Radioactive Material

Average Annual Effective  Typical Range of Effective

Source of Exposure Dose, mSv (millirem) Doses, mSv (millirem)
Cosmic radiation 0.39 (39) 0.3-1.0 (30-100)
External terrestrial 0.48 (48) 0.3-0.6 (30-60)
radiation

Inhalation (U, Th, 1.26 (126) 0.2-10.0 (20-1,000)
222R;, 220Rp)

Ingestion (40K) 0.29 (29) 0.2-0.8 (20-80)

Total 2.42 (242) 1.0-10.0 (100-1,000)

SOURCE: Adapted from UNSCEAR (2000, Annex B, Table 31).

(2) an examination of the principal quantitative risk analyses that have
been carried out for spent fuel and high-level waste transport, including the
analysis for transporting spent fuel and high level-waste to a federal reposi-
tory at Yucca Mountain, Nevada (Section 3.1.2).
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SIDEBAR 3.3 Collective Dose and Latent Cancer Fatalities

Collective dose is defined as the sum of all radiation doses received by all
members of a population at risk (NCRP, 1995). The units of collective dose are
usually given as person-sieverts or person-rem. This concept is frequently used in
radiation protection applications, both for controlling actual exposures and for es-
timating potential exposure risks. The use of the collective dose for radiation pro-
tection purposes assumes the following (NCRP, 1995):

1. There is a direct proportionality between radiation dose and risk over their
respective ranges of concern.

2. Risk is independent of dose rate.

3. A radiation dose leads to an identical risk whether it is administered to a
single individual or to a population.

NCRP (1995, p. 1) notes that “[w]hile these assumptions may or may not be valid,
they are considered to be conservative and have been generally accepted by the
scientific community concerned with radiation protection.”

The Department of Energy (DOE) used the collective dose concept to estimate
latent cancer fatalities (LCFs) in the final Yucca Mountain Environmental Impact
Statement (EIS). These cancers are expected to be produced many years after a
radiation dose is received (i.e., after a latency period) and are never traceable
directly to the received dose. DOE calculated collective doses for populations of
workers and the public from prospective exposures to radiation from its transporta-
tion program. These doses were calculated using computer programs such as
RADTRAN (see Sidebar 3.4). DOE then estimated the number of latent cancer
fatalities using the International Commission on Radiological Protection (ICRP,
1991) recommended conversion factors: 5 x 10~4 latent cancer fatality per person-
rem (5 x 102 per person-sievert) of collective dose for the general public and 4 x
104 latent cancer fatality per person-rem (4 x 102 per person-sievert) of collec-
tive dose for workers; these factors were doubled when doses greater than 20 rem
are received over short time periods. The conversion factor for the public is higher
because it applies over an entire lifetime, whereas the factor for workers applies
only for working ages.

Radiation is a weak carcinogen at the low doses involved in the routine trans-
port of spent fuel and high-level waste. Consequently, the incremental increase in
latent cancers from low doses of radiation is very small relative to the natural
occurrence of this disease in human populations. Moreover, radiation-induced can-
cers do not have any special characteristics that allow them to be differentiated
from cancers developed from other causes.

3.1.1 Historical Record of Spent Fuel Transport

Spent fuel has been transported routinely in more than a dozen coun-
tries, including the United States, for many decades. The quality of record
keeping on these shipments varies significantly, especially between the mid-
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1940s and 1970s. The committee first provides a brief review of the trans-
portation experience in the United States and then examines experiences in
some other countries.

U.S. Transportation Experience

The United States has been transporting irradiated nuclear fuel since
World War II. The first irradiated fuel shipments were made by the Man-
hattan Project as part of the national effort to develop atomic weapons.
More than 170,000 MTHME of irradiated fuel were transported within the
Hanford (Washington) and Savannah River (South Carolina) sites as part
of the nuclear weapons production effort between 1944 and the end of the
Cold War in the late 1980s. Most of this transport occurred over very short
distances (a few kilometers [miles]) on publicly restricted lands, mostly
by rail.

By the early 1960s, civilian spent fuel was being transported routinely
on the nation’s road and rail systems by the Atomic Energy Commission
(AEC).” In 1974, the AEC was reorganized,® and authority for regulating
the commercial transport of radioactive materials transportation was given
to the newly established U.S. Nuclear Regulatory Commission (USNRC).
The most complete records of spent fuel transportation date from the cre-
ation of this agency.

Most spent fuel transport across the nation’s public highways and
private railroads has involved small-quantity shipments of commercial spent
fuel. Estimates of quantities of commercial spent fuel shipments are avail-
able from several sources. Pope et al. (1991, 2001) provide commercial
spent fuel shipping estimates since 1964. These estimates were developed
from Department of Energy (DOE) and Department of Transportation
(DOT) databases supplemented with data from the USNRC and private
sources. Pope et al. (1991) note that their estimates do not include ship-
ments from six commercial reactors because of the difficulty in obtain-
ing data.

6Metric tons of heavy metal, where the heavy metal is uranium. This is a commonly used
measure of fuel quantity. For comparison purposes, a typical reactor core contains about 100
MTHM (110 short tons) of nuclear fuel. A typical truck transport package typically holds
between 0.5 and 2 MTHM (0.55 and 2.2 short tons) of spent fuel; a typical rail package
holds between 10 and 18 MTHM (11 and 20 short tons).

7The AEC was created by the Atomic Energy Act (also known as the McMahon Act) in
1946 to control and promote the use of nuclear power.

8The Energy Reorganization Act of 1974 abolished the AEC and created two federal agen-
cies in its place: the Nuclear Regulatory Commission and the Energy Research and Develop-
ment Administration. The Energy Research and Development Administration became the
Department of Energy after the Energy Reorganization Act of 1977.
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TABLE 3.2 Commercial Spent Nuclear Fuel
Shipments in the United States, 1964-2004

Mass of Spent Fuel Number of

Shipped (MTHM) Shipments
Time Period Highway Rail Highway Rail
1964-1978 473 348 1565 126
1979-1997 356 1097 1181 153
1998-2004 16 766 102 261
Totals 845 2211 2848 540

NOTE: MTHM = metric tons of heavy metal.

SOURCES: Pope et al. (1991, 2001); USNRC, written communica-
tion, 2005.

Additional unpublished information was made available to the com-
mittee from Energy Resources International (Supko, 2000; Supko, 20035,
written communication) and the USNRC (USNRC, 2005, written commu-
nication). The latter communication provided shipping data for 1998-2004
based on shipper notifications required under regulation 10 CFR Part 73.°
This communication is an update of USNRC’s public circular on spent fuel
shipments (USNRC, 1998). Updated information has not been released
since the September 2001 terrorist attacks. The agency was preparing an
updated version for public release when the present report was being final-
ized in December 2005.

Table 3.2 provides an estimate of commercial spent fuel shipments in
the United States since 1964. The committee was not able to assess the
completeness or accuracy of these data, except to note that the pre-1979
data are likely incomplete. Information on spent fuel shipments prior to
1964 is not available, although accident and incident reports dating back to
the mid-1950s are available, as discussed elsewhere in this chapter.

One conclusion that can be drawn from these data is that the previous
U.S. spent fuel shipping experience as measured by the total number of
shipments or mass of spent fuel shipped is small compared with anticipated
future transportation campaigns. The federal repository and Private Fuel
Storage, LLC, programs, for example, plan to ship about 20 and 13 times,
respectively, the amount of commercial spent fuel that has been shipped in
the United States since 1964. Moreover, both programs plan to ship spent
fuel primarily by rail. The planned number of rail shipments to a federal

9Code of Federal Regulations, Title 10, Part 73: Physical Protection of Plants and Materials.
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repository at Yucca Mountain under the mostly rail scenario (9600 ship-
ments; see Table 3.8) is approximately 18 times the number of rail ship-
ments that have occurred in the United States since 1964.

Spent nuclear fuel shipments in the United States are usually made under
the USNRC’s or DOT’s exclusive use regulations (10 CFR 71.47(b)).10 Such
shipments can be transported using public road and rail systems in the
United States only if they do not exceed the following dose limits:

e 2 millisieverts (mSv) per hour (200 millirem [mrem] per hour) (see
Sidebar 3.2) on the external surface of the transport package!! and at any
point on the outer surface of the vehicle.

e 0.1 mSv per hour (10 mrem per hour) at any point 2 meters (6.5
feet) from the outer lateral surfaces (but not the top or bottom) of the
vehicle.

e (0.02 mSv per hour (2 mrem per hour) in any normally occupied
space. This provision does not apply to private carriers if exposed personnel
under their control wear approved radiation dosimetry devices.!2

U.S. agencies do not collect records of radiation exposures resulting
from the transportation of irradiated nuclear fuel as is done for personnel
exposures in nuclear power plants. Private carriers will keep records for
those workers who use radiation monitoring devices in accordance with
regulations, but these records are not published. Consequently, the doses
received by workers and the public associated with spent nuclear fuel ship-
ments in the United States are not precisely known, although the committee
judges that they are likely to be relatively small given the external dose
limits allowed by regulations combined with the small numbers of ship-
ments that have been made to date. Estimates of doses to populations and
to hypothesized maximally exposed individuals in future shipments have
been made by the USNRC, DOE, and DOT based on the projected number
and characteristics of shipments and the populations that live in the prox-
imity of planned transportation routes. These estimates have generally as-
sumed that the dose rates from the packages are the maximum allowed

LOExclusive use is defined in 10 CFR 71.4 as “sole use by a single consignor of a convey-
ance for which all initial, intermediate, and final loading and unloading are carried out in
accordance with the direction of the consignor or consignee. The loading and unloading must
be carried out by personnel having radiological training and resources appropriate for the
safe handling of the consignment.”

A limit of 10 mSv per hour (1000 mrem per hour) applies when the shipment is made in
a closed transport vehicle in which the package is secured so that its position remains fixed
and there are no loading or unloading operations between the beginning and end of trans-
portation.

121p this case, the normal occupational dose limits apply (see Table 3.10).
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under USNRC or DOT regulations. This is illustrated elsewhere in this
chapter for the planned transportation program to a federal repository at
Yucca Mountain.

Information on accidents and incidents involving spent fuel shipments
in the United States has been reported since the late 1940s. Data for 1949-
1971 are provided in AEC reports. In 1971, DOT established the Hazard-
ous Materials Incident Reporting System (HMIS).13 This computerized
database contains information on incidents involving the interstate trans-
portation of hazardous (including radioactive) materials by air, highway,
rail, and water. DOT regulations (49 CFR 171.15) require that all accidents
and incidents involving radioactive materials transport that meet one or
more of the following criteria be reported to it for inclusion in this database:

Deaths or injuries requiring hospitalization
Property damage in excess of $50,000
Evacuations of the public that last for one or more hours
Closure of major transportation arteries or facilities
Changes to flight patterns or routing of aircraft
Fire, breakage, spillage, or suspected contamination involving ra-
dioactive materials
e  Unintentional release from a package or any discharge during trans-
portation

USNRC regulations (10 CFR 20.2201-2206; 10 CFR 73.71) also require
that thefts, exposures, and releases of radioactive materials be reported.

In 1981, the Transportation Technology Center at Sandia National
Laboratories established the Radioactive Material Incident Report (RMIR)
database (Weiner and Tenn, 1999). This database contains information
about radioactive materials transportation incidents that have occurred in
the United States since 1971. It incorporates information from the HMIS in
addition to information from the USNRC and other organizations such as
state radiological authorities and the media.

The RMIR records accidents involving vehicles carrying radioactive
materials that involve fatalities or injuries or that involve sufficient damage
that the vehicle cannot move under its own power. It also records incidents
that involve actual or suspected releases or surface contamination that
exceeds regulatory limits. This database was discontinued in 1998 due to
funding cutbacks. DOT’s HMIS is now the primary source of data on
hazardous material transportation incidents in the United States.

L3Information about this database can be found on the DOT Web site at hetp://bazmat.dot.
govlabhmis.htm.
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TABLE 3.3 Summary of Spent Fuel Shipping Accidents and Incidents,

1949-1996

Accidents Radioactive
Time or Incidents ~ Material Surface No Vehicular
Period Reported Contamination? Contamination?  Description Deaths*
1949-1970 14 6 None reportedd 2 1
1971-1996 58 2€ 49 0 1

aAny detectable loss, dispersal, or escape of radioactive material from the package’s con-
tainment system.

bDetectable non-fixed contamination on external surfaces.

cDeaths caused by vehicular accidents, not the release of radiation.

dIt is unclear whether surface contamination was routinely tested for or reported during
this period.

eOne incident (in 1984) involved an empty package; the other (in 1976) involved a pinhole
leak of coolant or moderator on the outside jacket of the package, not the release of spent fuel.

SOURCE: Data compiled by DOE Office of Civilian Radioactive Waste Management.

A summary of available data on transportation accidents and incidents
is provided in Table 3.3. These data were compiled by DOE’s Office of
Civilian Radioactive Waste Management. According to DOE, the AEC
reported radioactive material contamination incidents between 1949 and
1970. This contamination involved the package and/or the conveyance and
in some cases the surrounding environment. Two additional radioactive
material contamination incidents were reported between 1971 and 1996.
One involved an empty package, and the other involved a pinhole leak of
coolant or moderator. These older incidents apparently involved packages
that were designed to transport spent fuel in water for cooling and shield-
ing, and the leaks presumably involved the release of small amounts of this
water through holes in pipes, valves, and seals. At present, only spent fuel
cooled for more than five years is transported in the United States, and all
spent fuel is transported in a dry state. However, some package designs still
utilize water jackets for shielding neutrons, but these are physically sepa-
rated from and are not in contact with the interior of the package.

Most of the reported incidents did not involve package leaks, but rather
the detection of non-fixed surface contamination'* on the transport pack-

14Non-fixed contamination adheres to the outer surfaces of the package and can be de-
tected by wiping. The limits for such contamination, which are established by international
standards and U.S. regulations (49 CFR 173.443 and 10 CFR 71.87 (i) by reference to 49
CFR 173.443), are as low as reasonably achievable and not to exceed 4 becquerels per square
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ages, and these incidents were described as minor. Such surface contamina-
tion typically results from inadequate decontamination of packages follow-
ing the loading of spent fuel.!> However, there is no confirmation of cause
of contamination in the database.

Table 3.4 provides a list of transportation accidents involving spent
fuel transport packages between 1971 and 2005 in the United States. There
were four accidents involving trucks and five accidents involving trains
during this time.'® None of these accidents resulted in the release of radio-
activity. It is important to recognize that all but the December 1971 acci-
dent were minor in that they did not result in severe impacts or fires that
would test the integrity of transport package containment. However, claims
about this safety record in the United States have to be interpreted carefully
given that spent fuel transport quantities are quite limited, especially for rail
transport.

The U.S. government opened a repository for the disposal of defense
transuranic waste in New Mexico in 1999. This repository, the Waste
Isolation Pilot Plant (WIPP), had, as of April 2005, received shipments of
waste from eight DOE sites across the continental United States. About
3500 truck shipments traveling about 3.5 million truck-miles had been
made to the repository as of April 2005'7 using Type B packages of a
special design mounted on legal-weight trucks. To date, there have been
three highway accidents involving WIPP shipments. None resulted in the
release of radioactivity from the transportation package to the environment.

Worldwide Transportation Experience

There is no centralized database for the worldwide shipment of radio-
active materials, nor is there an international mandate to collect such infor-

centimeter averaged over a 300 square centimeter sampling area for beta, gamma, and low-
toxicity alpha emitters, and one-tenth that limit for other alpha emitters. The International
Atomic Energy Agency (IAEA) recently issued a technical document resulting from a coordi-
nated research project aimed at evaluating the adequacy of these limits under current radio-
logical protection and transportation practices. The document notes (IAEA, 2005b, p. 84)
that “the studies carried out under [the research project] indicate that the present limits on
non-fixed contamination on the surfaces of packages and conveyances are conservative.”

15Contamination occurs when the package is placed into the spent fuel pool for loading
and is contaminated with small amounts of radioactive material present in the pool water.
The external surfaces of these packages are decontaminated to remove non-fixed contamina-
tion before shipment.

16]¢ is interesting to note that while the number of rail accidents exceeded the number of
truck accidents during this period, the number of truck shipments was much higher (Ta-
ble 3.2). Between 1979 and 2004, for example, there were roughly three times more truck
shipments than rail shipments.

Yhttp:/www.awipp.ws/shipments.btm. Accessed on April 18, 2005.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

TRANSPORTATION RISK

123

TABLE 3.4 Summary of Transportation Accidents Involving Commercial
Spent Fuel Packages, 1971-2005¢

Mode  Date Location Description
Truck  December 8, Tennessee Package thrown free of trailer and landed
1971 in ditch following head-on collision with
car. No package damage or release.
Driver killed
Truck  February 2, Illinois Trailer collapse while crossing railroad
1978 tracks. No package damage or release
Truck  August 13, New Jersey Trailer collapse while empty package was
1978 being loaded. Package not damaged
Truck  December 9, Indiana- Trailer’s fifth wheel failed. No package
1983 Illinois border  damage or release
Train  March 29, North Carolina Empty package struck by a derailed tank
1974 car on adjacent track. Superficial package
damage. No release
Train  March 24, Missouri Train-auto collision at grade crossing. No
1987 package damage or release
Train  January 9, Illinois Train carrying empty packages derailed.
1988 No damage to packages
Train  December 14, North Railway car carrying empty packages
1995 Carolina derailed. No damage to packages
Train  September 22, New York Railcar carrying an empty spent fuel

2005

package derailed in a rail yard. Railcar
tipped over. No release

aThis table lists only accidents involving loaded and empty spent fuel packages; it does not

include all of the incidents listed in Table 3.3.

SOURCES: Weiner and Tenn (1999); data from the RMIR compiled by Energy Resources
International (December 11, 1997) and DOE correspondence; media reports (for the 2005
accident).

mation. However, since 1980, the International Atomic Energy Agency
(TAEA)!8 has been collecting such data at the recommendation of its trans-
portation advisory committee.!” The agency is developing databases on

18The IAEA was established under the United Nations in 1957 as part of the “Atoms for
Peace” program to promote the safe, secure, and peaceful uses of nuclear technologies.

19The Standing Advisory Group on the Safe Transport of Radioactive Material was the
predecessor body to the Transport Safety Standards Committee (TRANSSC). Committee mem-
ber Clive Young is a past chairman of TRANSSC.
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radioactive materials shipments, accidents, and radiation exposure. Mem-
ber states provide information to these databases on a voluntary basis. The
response of member states to requests for information to populate these
databases has been mixed. Consequently, the databases are incomplete and
contain only a limited representation of available data.

As part of this database development effort, the IAEA launched a litera-
ture search and a series of informal contacts with 25 member countries in
2000 to obtain information on worldwide shipments of spent fuel?Y and
high-level radioactive waste. A summary of this information was provided
in a paper published by IAEA staff (Pope et al., 2001; see Table 3.5). This
information is characterized by Pope et al. (2001) as “informal and incom-
plete” because not all countries responded, and some respondents provided
incomplete data or data that were inconsistent with other published sources.

Although the data are incomplete, they nevertheless allow several use-
ful observations to be made about the worldwide spent fuel transportation
experience. Spent fuel is being transported within and across the borders of
many countries. Worldwide, a major purpose for shipping spent fuel is to
reprocess it. Reprocessing facilities have been constructed in France (La
Hague) and the United Kingdom (Sellafield) for reprocessing domestic and
foreign spent fuel. Belgium, Germany, Italy, Japan, and Spain have shipped
spent fuel to these facilities for reprocessing, and some return shipments of
high-level waste have been made to some of these countries. Spent fuel from
Finland also has been shipped to the USSR or Russia for reprocessing. Most
of the other spent fuel shipments being made within or between countries
are for the purpose of interim storage.

The total quantity of spent fuel shipped worldwide was estimated in the
2001 TAEA study (see Table 3.5) to be between about 73,000 and 98,000
MTHM. The amount of spent fuel shipped in the United States is small in
comparison. The total quantity of spent fuel transported worldwide also
exceeds the legislated capacity of Yucca Mountain (70,000 MTHM) and is
about twice the planned capacity of Private Fuel Storage (40,000 MTHM).
Moreover, a majority of the worldwide spent fuel shipments have been by
rail, the preferred mode for shipping to Yucca Mountain and Private Fuel
Storage. Shipments to reprocessing plants in France and the United King-
dom have been made for more than 35 years. In contrast, the shipment of
the first 70,000 MTHM of spent fuel and high-level waste to a federal
repository or interim storage facility would likely take place over periods of
a little more than two decades.

Spent fuel rail shipments to France are made using general and dedi-
cated trains, whereas shipments within the United Kingdom are made using

20The IAEA refers to this fuel as “irradiated nuclear fuel.”
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TABLE 3.5 Worldwide Spent Fuel Transportation Estimates

125

Mass of Spent Number of
Fuel Shipped Packages Shipping
Country of Origin (MTHM)“ Shipped Modes Destination
Canada 100 187
Czech Republic 242 65 Rail To and from
Slovakia
Finland 233 65 Highway USSR or the
and rail Russian
Federation
France
Domestic 11,700 2,600 Mostly rail La Hague
Other Europe 10,000 2,500 Mostly rail La Hague
Japan 2,940 660 Sea and La Hague
highway
Germany >25 66 Highway Domestic
and rail
Hungary 258 72
Italy 81 52  Highway Domestic
Japan
1995-1999 161 50 Sea and land Domestic
2000-2004 (proj.) 1,700 Sea and land
Russian Federation 3,500 500 Domestic
Slovakia 239-380 635-700
Sweden 3,300 1,100 Sea Domestic
Ukraine 1,300 300
United Kingdom
Domestic 20,900-43,200 11,300-28,900 Mostly rail Sellafield
Other Europe 2,860 1,100 Rail Sellafield
Japan 4,720 1,420 Sea and rail  Sellafield
United States 2,270 3,020 Highway Domestic
and rail

Approximate Totals

73,000-98,000

24,000-43,000

aNumbers are rounded to three significant figures.

SOURCE: Modified from Pope et al. (2001).
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dedicated trains.2! DOE recently announced that it planned to use dedi-
cated trains when possible for shipments to a U.S. federal repository (see
Chapter 5). The shipments in Europe share the rails with other freight and
passenger trains. This is similar to current plans for spent fuel shipments in
the United States. Moreover, trains carrying spent fuel in France and the
United Kingdom are on routes that pass through large cities. This too is
likely to be the case for spent fuel and high-level waste transport in the
United States because many mainline rail routes pass through large cities.
Some of the spent fuel being transported to La Hague and Sellafield is
cooled for less than a year before being shipped.?2 In contrast, current
practice in the United States is to cool commercial spent fuel for at least five
years before shipping it, and some of the spent fuel to be shipped to Yucca
Mountain will have been cooled much longer than five years.23 Road and
rail shipping distances to La Hague and Sellafield are generally 1000 kilo-
meters (about 600 miles) or less, compared with the several thousand kilo-
meters for shipping spent fuel from the eastern United States to interim
storage or a federal repository in the United States. In the United Kingdom,
the average transport package transport distance is about 300 miles (480
kilometers).

Data on accidents and incidents are kept by individual countries, but
there is no standardized reporting format. In the United Kingdom, for
example, accidents and incidents have been tracked since 1958 in the Ra-
dioactive Material Transport Events Database. Since 1989, annual reports
of accidents and incidents have been issued. The latest report reviewed by
the committee was issued in 2003 (Watson and Jones, 2004).

Since 1958, there have been 786 incidents involving the transport of
radioactive materials in the United Kingdom. Approximately 24 percent of
these have involved transport of spent fuel. These range from derailments
of the conveyance to incidents involving non-fixed radioactive contamina-
tion above regulatory limits on the external surfaces of transport packages
(see footnote 14). There have been no reported accidents involving spent
fuel transport packages that have resulted in the release of radioactive
material from the containment system to the environment.

The most recent significant spent fuel transport incidents in Europe
occurred in 1997-1998, when inspections by the French nuclear safety

21As noted in Chapter 1, dedicated trains are trains that transport only spent fuel or high-
level waste and no other cargo.

22 discussed in Chapter 5, decay heat production in spent fuel drops rapidly in the first
five years after its discharge from a power reactor; see Figure 5.2.

23See, however, Section 5.2.4 for a discussion of the acceptance order for commercial spent
fuel to be shipped to Yucca Mountain.
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regulator (Nuclear Installations Safety Directorate) showed that a high
percentage of transport packages and conveyances at one reactor and at the
rail terminal at Valognes (the receiving terminal for La Hague) contained
non-fixed external contamination in excess of regulatory limits. The cause
was eventually traced to inadequate decontamination of transport packages
after they were loaded with spent fuel at reactors in France, Germany, and
Switzerland. There was a three-year moratorium on spent fuel shipments in
these countries while the incidents were investigated and new procedures
were put into place to eliminate the contamination problems. A subsequent
investigation by regulatory authorities concluded that no workers or mem-
bers of the public had received radiation doses exceeding the relevant regu-
latory limits as a consequence of these incidents (HSK, 1998).

Two major conclusions can be drawn from the historical record of
worldwide transport of spent fuel. The first is that there have been no
recorded instances of which the committee is aware of any releases of
radioactive material exceeding regulatory limits from any transport pack-
age in Western Europe, Japan, or the United States. There are, however,
well-documented instances of exposures to radioactivity from inadequate
decontamination of the external surfaces of transport packages after they
are loaded with spent fuel. However, these releases have been small, and the
committee is not aware of any documented instances in which exposures to
workers or the public exceeded regulatory limits.

3.1.2 Quantitative Analyses

The AEC and its successor agencies have conducted several assess-
ments of radioactive materials transport risk in the United States. These
assessments have used numerical models, informed by expert judgment, to
estimate the performance of transportation packages under normal and
accident conditions. These studies are summarized in Table 3.6 and are
described in this section. Two of these assessments have produced quanti-
tative estimates of risks to workers and members of the public from such
transport activities.

The committee was not charged to perform an in-depth technical re-
view of these studies to assess the technical quality of the assumptions,
models, results, and uncertainties. The committee does, however, provide
comments where appropriate on the assumptions used in these studies and
their impact on the resulting consequence estimates. All of these studies
have undergone some level of technical review by the issuing organizations,
but there are differences in assumptions and approaches among the studies
that must be considered when comparing results.
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TABLE 3.6 Description of the Analytical Assessments of Transportation
Risk Described in This Chapter

Study
Reference Objective Summary of Results
WASH-1238 Estimate doses to workers Risks due to radiological AEC
and public from spent fuel effects from transportation  (1972)
transport accidents are small
Transportation Estimate radiological Impacts of normal USNRC
EIS effects from land, water, transport and accidents are ~ (1977)
and air transport of sufficiently small to allow
radioactive materials continued shipments of
radioactive materials by all
modes
Modal study Improve understanding of Risks from severe accidents  Fischer
spent fuel package involving spent fuel were et al.
performance under severe lower by at least a (1987)
accident conditions factor of three than
estimated in the
transportation EIS
Reexamination Update the modal study Risks from severe accidents  Sprung
study using improved models and  are comparable to or lower et al.
data than modal study estimates  (2000)
Final Yucca Estimate spent fuel and Expected transportation DOE
Mountain EIS  high-level waste shipping impacts are small given the  (2002a)

risks for transportation

of spent fuel and high-level
waste to Yucca Mountain,
Nevada

size of the transport
program

WASH-1238 Study (1972)

The first analytical study of the health effects of spent fuel transporta-
tion in the United States was undertaken by the AEC in 1972 (AEC, 1972).
This study is known as the “WASH-1238” study after its report identifica-
tion number. This study estimated doses to workers and the general public
from nuclear fuel and solid radioactive waste transport both under normal
transport conditions and for severe accidents. The study’s main conclusion
was (AEC, 1972, p. 2) that “[w]hen both the probability of occurrence and
extent of the consequences are taken into account, the risk to the environ-
ment due to radiological effects from transportation accidents is small.”
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The study has limited applicability to modern-day spent fuel transport
programs: It examined highway transport of spent fuel along routes with
very different population densities than present-day routes using transpor-
tation packages that do meet current regulatory requirements.

Transportation Environmental Impact Statement (1977)

A transportation Environmental Impact Statement (EIS) was under-
taken by the USNRC to evaluate the effectiveness of its regulations for the
transport of radioactive materials by air and other modes (USNRC, 1977).
This EIS provided a more complete analysis of the radiological conse-
quences for land, water, and air transport of radioactive materials than
WASH-1238 and has become the “baseline” analysis for assessing radioac-
tive materials transportation risk in the United States.

The 1977 transportation EIS characterized environmental impacts in
terms of fatalities, expressed as an annual probability of occurrence for two
types of transport: incident-free transport, where the main health impact is
expected to be cancer fatalities due to exposure of workers and the general
public to small doses of radiation from the shipping containers; and acci-
dents that produce either conventional traffic fatalities or, for more severe
conditions, latent cancer fatalities resulting from the release of radioactive
materials from a damaged transport package.

Sandia National Laboratories performed this study. A computer code
(RADTRAN 1; Sidebar 3.4) was developed to estimate radiation doses and
latent cancer risks of transporting (including temporary storage and modal
transfers) 25 different radioactive materials by plane, truck, train, ship, or
barge. One of the 25 categories of materials considered was spent power
reactor fuel. The study estimated risks to workers involved in shipping the
materials and to members of the general public who lived near or traveled
on the transportation routes. Latent cancers during incident-free transport
were assumed to arise solely from external radiation doses from the trans-
port packages. Latent cancers during accidents were assumed to arise from
both internal and external exposure pathways.

The study estimated risks for transport of spent fuel on a generic high-
way route and a generic rail route. The study provided only a limited
consideration of accidents in highly urbanized areas—one analysis was
carried out for an accident in New York City. Additional analyses of re-
leases in highly urbanized areas were undertaken in a subsequent series of
studies known as the “urban studies” (DuCharme et al., 1978; Finley et al.,
1980; Sandoval et al., 1983; Sandoval, 1987). Public circulation of all but
one of the unclassified versions of these reports (Sandoval et al., 1983) was
restricted after the September 11, 2001, terrorist attacks; consequently,
these reports were not available for review by the committee.
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SIDEBAR 3.4 RADTRAN

RADTRAN is a computer code that can be used to estimate radiological expo-
sures and consequences under both incident-free and accident conditions. It can
provide estimates of collective dose as well as doses to maximally exposed indi-
viduals. The code was first developed by Sandia National Laboratories for use in
the 1977 transportation EIS (USNRC, 1977). The code has been expanded and
refined several times and is now in version 5 (RADTRAN 5). This code, which is
written in FORTRAN 77, is available from Sandia National Laboratories. It has
become a worldwide standard for assessing incident-free radiological transporta-
tion risks.

The program allows risks to be estimated for seven different transport modes
(two highway modes, rail, barge, ship, and two air modes) using a series of models
that account for the following:

e Sources and isotopic contents of transport packages,

e Transportation routes and stops,

* Population distributions of workers, residents who live along transportation
routes, and vehicle occupants on transportation routes,

* Number and severity of accidents,

* Releases of radioactivity from packages in accidents,

* Dispersion of released radioactivity in the environment,

* Radiation exposure pathways for inhalation, ingestion, resuspension, cloud-
shine, and ground-shine exposures,

* Radiological fatalities using a dose-response model,

* Nonradiological fatalities, including vehicular fatalities and fatalities from ve-
hicle emissions.

Like all computer codes, the validity of the results is only as good as the infor-
mation used as input to the various models and embedded assumptions in the
models themselves. Of particular importance in this regard is the input information
for population densities, accident numbers and severities, radiation releases, and
dispersion in the environment.

INTERTRAN 2 is a development of RADTRAN for international application. It
was developed by the Swedish Nuclear Power Inspectorate (SKI) for the IAEA.

The 1977 transportation EIS concluded that the average radiation doses
to at-risk populations from radioactive materials transportation were a
small fraction of the limits recommended for the general public from all
anthropogenic sources of radiation other than medical sources. The USNRC
determined that the “environmental impacts of normal transportation of
radioactive material and the risks attendant to accidents involving radioac-
tive material shipments are sufficiently small to allow continued shipments
by all modes” (USNRC, 1977, p. viii). The Commission concluded that
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“present regulations are adequate to protect the public against unreason-
able risk from the transport of radioactive materials” (46 FR 21629, April
13, 1981).

The applicability of the 1977 transportation EIS for estimating risks for
current and potential future transport of spent nuclear fuel is limited, owing
mainly to the simple models and limited data used in the analysis. Since the
issuance of this EIS, the USNRC has sponsored two additional studies to
improve its understanding of the risks from commercial spent nuclear fuel
transportation by road and rail. Those studies are discussed in the follow-
ing sections.

Modal Study (1987)

The modal study (Fischer et al., 1987) was undertaken to improve
understanding of spent fuel shipping package performance under severe
accident conditions. The study examined the response of generic truck and
rail spent fuel packages to both severe impact and fire conditions. As part of
the analysis, historical data on real accidents were compiled from govern-
ment and private databases to develop accident scenarios and their prob-
abilities (see Figure 2.3). The scenarios are displayed as “event trees.” These
trees provide a graphic illustration of the sequence of events leading to an
accident along with the probability of each event. Each branch of the tree
depicts a sequence of events that leads to the accident outcome depicted at
the end of the branch. The probability of an accident is equal to the product
of the probabilities of each segment along the branch.

Historical data also were used to estimate the magnitudes of impacts
and fire loads associated with each scenario. These were calculated from
records of accident speeds and angles, the hardness of the objects involved
in the impacts, and the frequency and duration of accident-associated fires.
A total of 31 truck accident scenarios and 24 train accident scenarios were
developed for the analysis. The 1977 transportation EIS, in contrast, de-
fined only eight accident severity categories based on expert judgment.

Analyses were carried out to assess the effects of these accident sce-
narios on generic rail package and truck packages. The design of these
packages was based on analyses of the features of rail packages and truck
packages in service at the time of the study and accounted for typical built-
in safety margins (see Sidebar 2.4).

The analysis involved a two-stage screening process. Phase 1 screening
used dynamic linear and standard transient heat-transfer models to identify
those accident scenarios in which the impact and fire conditions would not
exceed the regulatory requirements in 10 CFR Part 71 (see Sidebar 2.1).
For these scenarios, any releases from the packages are presumed to be
below regulatory limits. Approximately 99.4 percent of truck accidents and
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99.7 percent of the rail accident scenarios analyzed fell into this category
(Fischer et al., 1987, p. 9-2).

Phase 2 screening involved more sophisticated analyses of package
responses and radiological releases for those accident scenarios that ex-
ceeded the 10 CFR Part 71 limits. This screening employed dynamic non-
linear models to estimate package deformation and transient thermal mod-
els that took into account the phase change that accompanied the melting
of lead shielding at high temperatures. The analyses assumed that the pack-
ages contained five-year-cooled pressurized water reactor fuel having a
burn-up of 33,000 megawatt days per metric ton, typical of spent fuel for
that day.2* The analyses considered breaches of the spent fuel cladding due
to both impact and thermal creep (see Sidebar 2.5). The radiological effects
considered included releases of radioactive materials from the package as
well as increased radiation doses from a loss of package shielding.

Based on the Phase 2 screening, the authors concluded that roughly
0.39 percent of severe accidents involving truck or rail packages would
result in radioactive material releases or doses that approached or slightly
exceeded the regulatory limits in 10 CFR Part 71. The report concluded
that fewer than 0.001 percent of the truck and 0.012 percent of the rail
accident scenarios could actually produce hazards that would likely exceed
regulatory limits.2> No attempt was made to model the radioactive releases
for the most severe accidents, because these conditions pushed the capabili-
ties of modeling programs. Instead, estimates of the releases for these very
severe accidents were simply extrapolated from the release behavior during
less severe accidents (see Fischer et al., 1987, Table 8.3).

The 1987 study did not include “consequence calculations” to estimate
risks to workers and the public from exposure to radiation as was done in
the 1977 transportation EIS. However, a comparison of the frequencies and
magnitudes of radiological releases from the two studies led the authors of
the 1987 study to conclude that their risk estimates for both truck and rail
were at least three times lower that those documented in the 1977 transpor-
tation EIS (Fischer et al., 1987, p. 9-11). There are several possible reasons

24present-day fuel burn-ups are typically between 50,000 and 60,000 megawatt-days per
metric ton. High-burn-up fuel produces more decay heat than low-burn-up fuel of the same
age, which has implications for internal package heating in an accident involving fires. How-
ever, the generic packages used in the modal study analysis probably would not be suitable
for transporting high-burn-up fuel.

25T place these numbers in perspective, consider that the planned transportation program
to a federal repository at Yucca Mountain by the “mostly rail” scenario (described later in
this chapter) would, according to DOE, involve about 9600 rail shipments and 1100 truck
shipments (see Table 3.8). Multiplying these shipment numbers by the number of modal
study scenarios that result in radiation releases above regulatory limits results in about 0.01
truck release and 1.1 rail releases during the life of the repository transportation program.

Copyright © National Academy of Sciences. All rights reserved.



Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-Level Radioactive Waste in the United States
http://lwww.nap.edu/catalog/11538.html

TRANSPORTATION RISK 133

for this difference, including reductions in accident rates in the decade
between this study and the 1977 transportation EIS.

Resnikoff (1994, unpublished paper) criticized several aspects of the
modal study. These included the transport package designs used in the
analyses; the failure to model the end closures of the packages; and the
methods and data used to estimate impact and fire conditions. He provides
an analysis of 38 severe accidents that he claims shows that the 1977
transportation EIS and 1987 modal study underestimate severe impact and
fire conditions and probabilities. He provides his own estimates of releases
based on a reanalysis using the RADTRAN 4 code. He concludes that these
releases are many times higher than estimated by the 1977 transportation
EIS.2¢ Resnikoff’s analysis prompted Sandia researchers to perform addi-
tional historical accident reconstructions (described in Chapter 2), for which
they concluded that spent fuel packages would likely maintain their con-
tainment integrity in all but possibly the most severe accidents involving
long-duration fires.

Reexamination of Spent Fuel Shipment Risk Estimates (2000)

In 2000, Sandia National Laboratories published a reexamination of
spent fuel shipment risk estimates (Sprung et al., 2000) using updated mod-
els and data. Since this is the most current generic study and has been used
as the basis for a more recent analysis of transportation to a Yucca Moun-
tain repository, as discussed later in this chapter, it is described in some
detail in this section.

The 2000 reexamination study utilized an updated version of
RADTRAN (RADTRAN 35; see Sidebar 3.4) to estimate population doses
to workers and the general public during both incident-free transport and
severe accidents involving releases of radioactivity or loss of shielding.
Estimates were obtained for five potential exposure pathways (direct inha-
lation, resuspension inhalation, ingestion, cloud shine, and ground shine;
see glossary in Appendix D) versus the single direct inhalation pathway
considered in the 1977 transportation EIS.

The 2000 study considered transport of spent fuel along 741 truck and
741 rail routes: 249 truck routes and 249 rail routes developed in a previ-
ous routing study (Cashwell et al., 1986), as well as 492 truck and 492 rail
routes developed specifically for this study. The latter routes connect the 79
spent fuel storage sites in existence when the study was initiated with six
hypothetical interim storage sites located in different regions of the United
States (474 routes), and those interim storage sites to three hypothetical

26The committee did not undertake a detailed review of Resnikoff’s claims.
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permanent repository sites (18 routes). One of the permanent repository
sites considered was Yucca Mountain.

To make the analyses tractable, these routes were sampled to obtain a
smaller set of routes having representative characteristics. The samples were
generated as follows. First, distributions were constructed of route lengths;
fractions of those lengths that contain urban, suburban, and rural popula-
tion densities; and the actual population densities for each of those length
fractions for the 741 truck and 741 rail routes. Next, these distributions
were sampled using Monte Carlo methods to generate two sets of “repre-
sentative” routes: 200 highway routes and 200 rail routes. These represen-
tative routes were used in the RADTRAN calculations.

The 2000 reexamination study used slightly modified versions of the
accident event trees from the 1987 modal study (Figure 3.1). An additional
branch was added to the rail event tree to account for accidents involving
fires that did not result from either collisions or derailments. Additionally,
new estimates of route wayside hardness were developed based on surveys
of selected transportation routes and Department of Agriculture data on
near-surface locations of coherent rock formations. This information was
used to estimate how “yielding” these surfaces would be in accidents in-
volving impacts of truck and rail transportation packages.

Truck and train accident rates used in the study were estimated sepa-
rately from state-level data for the 48 contiguous U.S. states. These data
represent heavy-truck accidents on interstate highways and train accidents
on mainline rail routes. The heavy-truck data were detailed enough to
support the development of accident rate distributions for suburban and
rural routes as well as a single average accident rate for urban routes. The
rail data were only detailed enough to support the development of a single
accident rate distribution by combining all of the state-level data.

The study modeled the performance of four generic package types
whose physical specifications were based on a review of data on packages
in use at the time of the study: steel-lead and steel-depleted uranium truck
packages and steel-lead and monolithic steel rail packages. The packages
were assumed to contain total activities equivalent to three-year-cooled
pressurized water reactor (PWR) fuel with a burn-up of 60,000 megawatt-
days per metric ton, or three-year-cooled boiling water reactor (BWR) fuel
with a burn-up of 50,000 megawatt-days per metric ton. These estimates
are characterized in the study as conservative.2” The rail package was

27The study characterizes the total activities used in the RADTRAN calculations as being
conservative by about a factor of 4. While these high burn-up levels are now achieved rou-
tinely in U.S. power reactors, most stored spent power reactor fuel has much lower burn-ups.
Moreover, spent fuel is generally expected to be stored for at least five years before being
moved from pools to dry casks for storage or transport, and some of it will have been stored
for several decades.
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FIGURE 3.1 Accident event trees for rail accidents from the 2000 reexamination
study, slightly modified from the modal study (see Figure 2.3). The numbers shown
at each branch are probabilities for the accident branch based on an analysis of
historical data. The accident scenarios that are marked with an asterisk were deter-
mined to produce consequences that would approach or exceed regulatory limits.
SOURCE. Sprung et al. (2000, Figure 7.4, p. 7-12).
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assumed to contain 24 PWR or 52 BWR assemblies. The truck package was
assumed to contain between 1 and 3 PWR or 2 and 7 BWR assemblies.

External package surface dose rates were also important inputs to the
model. These were estimated for commercial spent fuel discharged from
reactors in the United States. These dose rates depend on fuel burn-up, time
since discharge (or cooling time), and package shielding. For conservatism,
the dose rate distribution estimates were rescaled upward so that their
upper limits were equal to the regulatory dose limit of 0.1 mSv (10 mrem)
at 2 meters (about 6.5 feet) from the package surface.

Analyses of package behavior in severe accidents were carried out using
a standard finite element code (PRONTO 3D). This computer code is com-
monly used to model high strain rates in nonlinear materials. Although
material failure is not included explicitly in this code, such failure can be
estimated based on the calculated deformation of package components
such as lid bolts. This code was used to estimate package deformations
resulting from impacts onto unyielding surfaces (see Sidebar 2.2) at speeds
of 30, 60, 90, and 120 miles per hour (48, 96, 144, and 192 kilometers per
hour). To make the results conservative, the impact limiters were assumed
to be attached to the package but fully crushed before impact.

The analyses indicate that even at the highest of these impact speeds,
strains were well below the levels needed to fail or penetrate the package
body or lid. The analyses also indicate that the truck package seals would
not fail in any impact orientation at any impact speed. Nevertheless, it was
arbitrarily assumed that seal leaks having a cross section of 1 square milli-
meter would result from impacts of these packages onto unyielding surfaces
at speeds of 120 miles per hour (193 kilometers per hour). The analyses
also suggest that for rail packages, some seal leakage could occur for some
impact orientations at impact speeds onto unyielding surfaces as low as 60
miles per hour (97 kilometers per hour) and possibly at all orientations at
speeds of 120 miles per hour (193 kilometers per hour).

Surfaces along transportation routes (e.g., soils, concrete structures) are
likely to be partially yielding and will absorb some impact energy in severe
accidents. Consequently, the finite element results for impacts onto unyield-
ing surfaces must be adjusted to account for this energy loss. This was done
by calculating the impact speeds onto three types of yielding surfaces (soil,
concrete, hard rock) that would result in the same peak contact forces on
the package as the equivalent impact onto an unyielding surface. This
calculation took into account the energy-absorbing effects of the package
impact limiters.

If the package seal was determined to fail in an accident, the release of
radioactive material (noble gases, volatiles, and particulates), collectively
referred to as the accident source term, was calculated. These calculations
took into account several phenomena: rod cladding failures; radionuclide
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inventory releases from the failed rods; partial deposition of radionuclides
on internal surfaces in the package; pressurization of the package interior
from failed rods or package heating; and leakage of radionuclides through
package seal failures driven by package depressurization (see Sidebar 2.5).
The estimates of particulate releases and behavior were based on actual
experiments performed on spent fuel rods subjected to burst failur