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DECLARATION OF DR. GORDON THOMPSON 

I, Gordon Thompson, declare as follows: 

1. I am the executive director of the Institute for Resource and Security Studies (LRSS), a 
nonprofit, tax-exempt corporation based in Massachusetts. Our office is located at 27 
Ellsworth Avenue, Cambridge, MA 02139. IRSS was founded in 1984 to conduct technical 
and policy analysis and public education, with the objective of promoting peace and 
international security, efficient use of natural resources, and protection of the environment.  

2. T participated in the preparation of the contentions contained in Orange County's 
Request for Admission of Late-filed Environmental Contentions (January 31, 2000). The 
contentions are also supported by a report that I authored, entitled "Risks and Alternative 
Options Associated With Spent Fuel Storage at the Shearon Harris Nuclear Power Plant 
(February 1999). The technical factual statements in the contentions and the supporting 
report are true and correct to the best of my knowledge, and the technical opinions 
expressed therein are based on my best professional judgment.  

3. If Orange County's environmental contentions are admitted, I am prepared to testify as 
an expert witness on behalf of the County. The substance of my testimony would follow 
the outlines of the contentions and my Report. I anticipate that it would be more 
detailed, once I have had an opportunity to obtain discovery regarding the details of the 
Harris operation.  

4. I am an expert in the area of technical safety and environmental analysis related to 
nuclear facilities. My CV is provided here as Attachment A.  

5. Since 1977, a significant part of my work has consisted of technical analyses of safety 
and environmental issues related to nuclear facilities. These analyses have been 
sponsored by a variety of nongovernmental organizations and local, state and national 
governments, predominantly in North America and western Europe. Drawing upon these 
analyses, I have provided expert testimony in legal and regulatory proceedings, and have
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served on committees advising US government agencies. To illustrate my expertise, I 
provide more detailed information on my experience in the following three paragraphs.  

5. During the period 1978-1979, 1 served on an international review group commissioned 
by the government of Lower Saxony (a state in Germany) to evaluate a proposal for a 
nuclear fuel cycle center at Gorleben. I led the subgroup that examined accident risks and 
alternative options with lower risk. One of the risk issues that I identified and analyzed 
was the potential for an exothermic reaction of fuel cladding in a high-density fuel pool if 
water is lost. I identified partial loss of water as a more severe condition than total loss of 
water. I identified and described alternative fuel storage options with lower risk. The 
Lower Saxony government accepted my findings and ruled that high-density pool storage 
was not an acceptable option at Gorleben. As a direct result, policy throughout Germany 
has been to use dry storage, rather than high-density pool storage, for away-from-reactor 
storage of spent fuel.  

6. During the period 1986-1991, 1 was commissioned by environmental groups to assess 
the safety of the military production reactors at the Savannah River Site, and to identify 
and assess alternative options for the production of tritium for the US nuclear arsenal.  
Initially, much of the relevant information was classified or otherwise inaccessible to the 
public. Nevertheless, I addressed safety issues through analyses that were recognized as 
accurate by nuclear safety officials at the US Department of Energy (DOE). I eventually 
concluded that the Savannah River reactors could not meet the safety objectives set for 
them by DOE. DOE subsequently reached the same conclusion. The current national 
policy for tritium production is to employ commercial reactors, an option that I had 
concluded was technically attractive but problematic from the perspective of nuclear 
weapons proliferation.  

7. In 1977, and again during the period 1996-1998, 1 examined the safety of nuclear fuel 
reprocessing and liquid high-level waste management facilities at the Sellafield site in the 
UK. My investigation in the latter period was supported by a consortium of local 
governments in Ireland and the UK, and my findings were presented at briefings in the 
UK and Irish parliaments. I identified safety issues that were not addressed in any 
publicly available literature about the Sellafield site. As a direct result of my 
investigation, the UK Nuclear Installations Inspectorate (NiH) required the operator of the 
Sellafield site to conduct extensive safety analyses. These analyses, which are ongoing, 
have confirmed the significance of the safety issues that I identified. The publication of 
an interim report by NiI is expected in March of 2000.

** ** * ** * * * * * * * ***** * *
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I declare, under penalty of pejury, that the foregoing facts provided in my Declaration 

are true and correct to the best of my knowledge and betief and that the opwons 

expressed herein are based on my best professional judgment.  

ooehpted on 31 January 2000.  

Grdon Thompson



ATTACHMENT A

INSTITUTE FOR RESOURCE AND SECURITY STUDIES 

Curriculum Vitae: 
GORDON R. THOMPSON 

July 1999 

Professional expertise 

Consulting technical and policy analyst in the fields of energy, environment, 
sustainable development, and international security.  

Education 

D.Phil. in applied mathematics, Oxford University (Balliol College), 
1973.  
B.E. in mechanical engineering, University of New South Wales, 
Sydney, Australia, 1967.  
B.Sc. in mathematics & physics, University of New South Wales, 1966.  

Current appointment 

Executive director, Institute for Resource & Security Studies (IRSS), 
Cambridge, MA.  

Project sponsors and tasks (selected) 

* Orange County, NC, 1999: assessed safety issues associated with spent 
fuel storage at the Harris nuclear plant.  

• Government of Ireland, 1998-1999: developed framework for 
assessment of impacts and alternative options associated with nuclear 
fuel reprocessing.  

* Clark University, Worcester, MA, 1998-1999: participated in review of a 
foundation's grant-making related to climate change.  

* UN High Commissioner for Refugees, 1998: developed a strategy for 
conflict management in the CIS region.  

* General Council of County Councils (Ireland), W Alton Jones 
Foundation (USA), and Nuclear Free Local Authorities (UK), 1996- 1998: 

assessed safety and economic issues of nuclear fuel reprocessing in the UK; 
assessed alternative options.  
• Environmental School, Clark University, Worcester, MA, 1996: 

session leader at the Summer Institute, "Local Perspectives on a Global 
Environment".



Curriculum Vitae for Gordon R. Thompson 
July 1999 

* Greenpeace Germany, Hamburg, 1995-1996: a study on war, terrorism 
and nuclear power plants.  

* HKH Foundation, New York, and Winston Foundation for World Peace, 
Washington, DC, 1994-1996: studies and workshops on preventive action 
and its role in US national security planning.  
* Carnegie Corporation of New York, Winston Foundation for World 
Peace, Washington, DC, and others, 1995: collaboration with the Organization 
for Security and Cooperation in Europe to facilitate improved coordination of 
activities and exchange of knowledge in the field of conflict management.  
* World Bank, 1993-1994: a study on management of data describing the 

performance of projects funded by the Global Environment Facility (joint 
project of IRSS and Clark University).  
* International Physicians for the Prevention of Nuclear War, 1993-1994: 

a study on the international control of weapons-usable fissile material.  
* Government of Lower Saxony, Hannover, Germany, 1993: analysis of 

standards for radioactive waste disposal.  
* University of Vienna (using funds supplied by the Austrian government), 
1992: review of radioactive waste management at the Dukovany nuclear plant, 
Czech Republic.  
* Sandia National Laboratories, 1992-1993: advice to the US Department 

of Energy's Office of Foreign Intelligence.  
• US Department of Energy and Battelle Pacific Northwest Laboratories, 

1991-1992: advice for the Intergovernmental Panel on Climate Change 
regarding the design of an information system on technologies that can 
limit greenhouse gas emissions (joint project of IRSS, Clark University 
and the Center for Strategic and International Studies).  

* Winston Foundation for World Peace, Boston, MA, and other funding 
sources, 1992-1993: development and publication of recommendations 
for strengthening the International Atomic Energy Agency.  

* MacArthur Foundation, Chicago, IL, W. Alton Jones Foundation, 
Charlottesville, VA, and other funding sources, 1984-1993: policy 
analysis and public education on a "global approach" to arms control 
and disarmament.  

* Energy Research Foundation, Columbia, SC, and Peace Development 
Fund, Amherst, MA, 1988-1992: review of the US government's 
tritium production (for nuclear weapons) and its implications.  

* Coalition of Environmental Groups, Toronto, Ontario (using funds 
supplied by Ontario Hydro under the direction of the Ontario 
government), 1990-1993: coordination and conduct of analysis and 
preparation of testimony on accident risk of nuclear power plants.  

* Greenpeace International, Amsterdam, Netherlands, 1988-1990: 
review of probabilistic risk assessment for nuclear power plants.
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* Bellerive Foundation, Geneva, Switzerland, 1989-1990: planning for 
a June 1990 colloquium on disarmament and editing of proceedings.  

* Iler Research Institute, Harrow, Ontario, 1989-1990: analysis of 
regulatory response to boiling-water reactor accident potential.  

* Winston Foundation for World Peace, Boston, MA, and other funding 
sources, 1988-1989: analysis of future options for NATO (joint 
project of IRSS and the Institute for Peace and International Security).  

* Nevada Nuclear Waste Project Office, Carson City, NV (via Clark 
University, Worcester, MA), 1989-1990: analyses of risk aspects of 
radioactive waste management and disposal.  

* Ontario Nuclear Safety Review (conducted by the Ontario government), 
Toronto, Ontario, 1987: review of safety aspects of CANDU reactors.  
• Washington Department of Ecology, Olympia, WA, 1987: analysis of 

risk aspects of a proposed radioactive waste repository at Hanford.  
• Natural Resources Defense Council, Washington, DC, 1986-1987: 

preparation of testimony on hazards of the Savannah River Plant.  
* Lakes Environmental Association, Bridgton, ME, 1986: analysis of 

federal regulations for disposal of radioactive waste.  
* Greenpeace Germany, Hamburg, 1986: participation in an international 

study on the hazards of nuclear power plants.  
* Three Mile Island Public Health Fund, Philadelphia, PA, 1983-1989: 

studies related to the Three Mile Island nuclear plant.  
* Attorney General, Commonwealth of Massachusetts, Boston, MA, 1984
1989: analyses of the safety of the Seabrook nuclear plant.  
e Union of Concerned Scientists, Cambridge, MA, 1980-1985: studies on 
energy demand and supply, nuclear arms control, and the safety of nuclear 
installations.  
* Conservation Law Foundation of New England, Boston, MA, 1985: 

preparation of testimony on cogeneration potential at a Maine 
papermill.  

• Town & Country Planning Association, London, UK, 1982-1984: 
coordination and conduct of a study on safety and radioactive waste 
implications of the proposed Sizewell nuclear plant.  

• US Environmental Protection Agency, Washington, DC, 1980-1981: 
assessment of the cleanup of Three Mile Island Unit 2 nuclear plant.  

* Center for Energy & Environmental Studies, Princeton University, 
Princeton, NJ, and Solar Energy Research Institute, Golden, CO, 1979
1980: studies on the potentials of renewable energy sources.  

* Government of Lower Saxony, Hannover, FRG, 1978-1979: coordination 
and conduct of studies on safety aspects of the proposed Gorleben nuclear fuel 
cycle center.
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Other experience (selected)

* Principal investigator, project on "Exploring the Role of 'Sustainable 
Cities' in Preventing Climate Disruption", involving IRSS and three other 

organizations, 1990-1991.  
0 Visiting fellow, Peace Research Centre, Australian National University, 
1989.  
* Principal investigator, Three Mile Island emergency planning study, 

involving IRSS and Clark University, Worcester, MA, 1987-1989.  
Co-leadership (with Paul Walker) of a study group on nuclear 
weapons proliferation, Institute of Politics, Harvard University, 1981.  
Foundation (with others) of an ecological political movement in 
Oxford, UK, which contested the 1979 Parliamentary election.  
Conduct of cross-examination and presentation of evidence, on behalf 
of the Political Ecology Research Group, at the 1977 Public Inquiry into 
proposed expansion of the reprocessing plant at Windscale, UK.  

* • Conduct of research on plasma theory (while a PhD candidate), as an 
associate staff member, Culham Laboratory, UK Atomic Energy 
Authority, 1969-1973.  
Service as a design engineer on coal-fired plants, New South Wales 
Electricity Commission, Sydney, Australia, 1968.  

Publications (selected)

* Risks and Alternative Options Associated with Spent Fuel Storage at the 
Shearon Harris Nuclear Power Plant, a report for Orange County, NC, 
February 1999.  
* High Level Radioactive Liquid Waste at Sellafield: Risks, Alternative 

Options and Lessons for Policy, IRSS, Cambridge, MA, June 1998.  
* "Science, democracy and safety: why public accountability matters", in 

F. Barker (ed), Management of Radioactive Wastes: Issues for local 
authorities, Thomas Telford, London, 1998.  

* "Conflict Management and the OSCE" (with Paula Gutlove), 
OSCE/ODIHR Bulletin, Volume 5, Number 3, Fall 1997.  

; Safety of the Storage of Liquid High-Level Waste at Sellafield (with Pet 
Taylor), Nuclear Free Local Authorities, UK; November 1996.  
* Assembling Evidence on the Effectiveness of Preventive Actions, their 

Benefits, and their Costs: A Guide for Preparation of Evidence, IRSS, 
Cambridge, MA, August 1996.  

L War, Terrorism and Nuclear Power Plants, Working Paper No. 165, Pea 
Research Centre, Australian National University, Canberra, October 1996.

er
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* 'The Potential for Cooperation by the OSCE and Non-Governmental 
Actors on Conflict Management" (with Paula Gutlove), Helsinki 
Monitor, Volume 6 (1995), Number 3.  

* "Potential Characteristics of Severe Reactor Accidents at Nuclear 
Plants", 'Monitoring and Modelling Atmospheric Dispersion of 
Radioactivity Following a Reactor Accident" (with Richard Sclove, Ulrike 

Fink and Peter Taylor), "Safety Status of Nuclear Reactors and Classification 
of Emergency Action Levels", and 'The Use of Probabilistic Risk Assessment in 
Emergency Response Planning for Nuclear Power Plant Accidents" (with 
Robert Goble), in D. Golding, J. X. Kasperson and R. E. Kasperson (eds), 
Preparing for Nuclear Power Plant Accidents, Westview Press, Boulder, CO, 1995.  
* A Data Manager for the Global Environment Facility (with Robert 
Goble), Environment Department, The World Bank, June 1994.  
a Preventive Diplomacy and National Security (with Paula Gutlove), 

Winston Foundation for World Peace, Washington, DC, May 1994.  
0 Opportunities for International Control of Weapons-Usable Fissile 

Material, ENWE Paper #1, International Physicians for the Prevention 
of Nuclear War, Cambridge, MA, January 1994.  

0 "Article III and IAEA Safeguards", in F. Barnaby and P. Ingram (eds), 
Strengthening the Non-Proliferation Regime, Oxford Research Group, 
Oxford, UK, December 1993.  

6 Risk Implications of Potential New Nuclear Plants in Ontario (prepared 
with the help of eight consultants), a report for the Coalition of 
Environmental Groups, Toronto, submitted to the Ontario Environmental 
Assessment Board, November 1992 (3 volumes).  
* Strengthening the International Atomic Energy Agency, Working Paper 
No. 6, IRSS, Cambridge, MA, September 1992.  
* Design of an Information System on Technologies that can Limit Greenhouse 
Gas Emissions (with Robert Goble and F. Scott Bush), Center for Strategic and 
International Studies, Washington, DC, May 1992.  
* Managing Nuclear Accidents: A Model Emergency Response Plan for Power 
Plants and Communities (with six other authors), Westview Press, Boulder, CO, 
1992.  
* "Let's X-out the K" (with Steven C. Sholly), Bulletin of the Atomic 
Scientists, March 1992, pp 14-15.  
• "A Worldwide Programme for Controlling Fissile Material", and "A 

Global Strategy for Nuclear Arms Control", in F. Barnaby (ed), 
Plutonium and Security, Macmillan Press, UK, 1992.  

* No Restart for K Reactor (with Steven C. Sholly), Working Paper No.  
4, IRSS, Cambridge, MA, October 1991.  

* Regulatory Response to the Potentialfor Reactor Accidents: The Example of 
Boiling-Water Reactors, Working Paper No. 3, IRSS, Cambridge, MA, February 
1991.

Page 5



Curriculum Vitae for Gordon R. Thompson 
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* Peace by Piece: New Options for International Arms Control and Disarmament, 
Working Paper No. 1, IRSS, Cambridge, MA, January 1991.  
L Developing Practical Measures to Prevent Climate Disruption (with Robert 
Goble), CENTED Research Report No. 6, Clark University, Worcester, MA, 
August 1990.  
* "Treaty a Useful Relic", Bulletin of the Atomic Scientists, July/August 
1990, pp 32-33.  
* "•Practical Steps for the 1990s", in Sadruddin Aga Khan (ed), Non

Proliferation in a Disarming World, Proceedings of the Groupe de 
Bellerive's 6th International Colloquium, Bellerive Foundation, 
Geneva, Switzerland, 1990.  

* A Global Approach to Controlling Nuclear Weapons, Occasional Paper 
published by the Institute for Resource and Security Studies, 
October 1989.  

* IAEA Safety Targets and Probabilistic Risk Assessment (with three other 
authors), Greenpeace International, Amsterdam, August 1989.  
* New Directions for NATO (with Paul Walker and Pam Solo), published 
jointly by lRSS and the Institute for Peace and International Security (both of 
Cambridge, MA), December 1988.  
* 'Verifying a Halt to the Nuclear Arms Race", in F. Barnaby (ed), A 

Handbook of Verification Procedures, Macmillan Press, UK, 1990.  
* 'Verification of a Cutoff in the Production of Fissile Material", in F.  

Barnaby (ed), A Handbook of Verification Procedures, Macmillan Press, 
UK, 1990.  
• '"Severe Accident Potential of CANDU Reactors," Consultant's Report 

in The Safety of Ontario's Nuclear Power Reactors, Ontario Nudear Safety 
Review, Toronto, February 1988.  
* Nuclear-Free Zones (edited with David Pitt), Croom Helm Ltd, 

Beckenham, UK, 1987.  
* Risk Assessment Review For the Socioeconomic Impact Assessment of the 
Proposed High-Level Nuclear Waste Repository at Hanford Site, Washington 
(edited; written with five other authors), prepared for the Washington 
Department of Ecology, December 1987.  

* The Nuclear Freeze Revisited (written with Andrew Haines), Nuclear Freeze 
and Arms Control Research Project, Bristol, UK, November 1986. Variants of 
the same paper have appeared as Working Paper No. 18, Peace Research 
Centre, Australian National University, Canberra, February 1987, and in ADIU 
Report, University of Sussex, Brighton, UK, Jan/Feb 1987, pp 6-9.  
* International Nuclear Reactor Hazard Study (with fifteen other authors), 
Greenpeace, Hamburg, Federal Republic of Germany (2 volumes), 
September 1986.  
• 'What happened at Reactor Four" (the Chernobyl reactor
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accident), Bulletin of the Atomic Scientists, August/September 1986, pp 26
31.  
* The Source Term Debate: A Report by the Union of Concerned Scientists 
(with Steven C. Sholly), Union of Concerned Scientists, Cambridge, MA, 
January 1986.  
* "Checks on the spread" (a review of three books on nuclear 

proliferation), Nature, 14 November 1985, pp 127-128.  
* Editing of Perspectives on Proliferation, Volume I, August 1985, 

published by the Proliferation Reform Project, IRSS.  
* "A Turning Point for the NPT ?", ADIU Report, University of Sussex, 

Brighton, UK, Nov/Dec 1984, pp 1-4.  
• "Energy Economics", in J. Dennis (ed), The Nuclear Almanac, Addison

Wesley, Reading, MA, 1984.  
* "The Genesis of Nuclear Power", in J. Tirm-an (ed), The Militarization 

of High Technology, Ballinger, Cambridge, MA, 1984.  
* A Second Chance: New Hampshire's Electricity Future as a Model for the 
Nation (with Linzee Weld), Union of Concerned Scientists, Cambridge, MA, 
1983.  
* Safety and Waste Management Implications of the Sizewell PWR 

(prepared with the help of six consultants), a report to the Town & 
Country Planning Association, London, UK, 1983.  

* Utility-Scale Electrical Storage in the USA. The Prospects of Pumped 
Hydro, Compressed Air, and Batteries, Princeton University report PU/CEES 
#120, 1981.  
* The Prospects for Wind and Wave Power in North America, Princeton 

University report PU/CEES # 117,1981.  
* Hydroelectric Power in the USA: Evolving to Meet New Needs, Princeton 
University report PU/CEES # 115,1981.  
* Editing and part authorship of "Potential Accidents & Their Effects", 

Chapter HI of Report of the Gorleben International Review, published in 
German by the Government of Lower Saxony, FRG, 1979-Chapter III available 
in English from the Political Ecology Research Group, Oxford, UK.  
* A Study of the Consequences to the Public of a Severe Accident at a 

Commercial FBR located at Kalkar, West Germany, Political Ecology 
Research Group report RR-1, 1978.
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Expert presentations and testimony (selected) 

UK Consensus Conference on Radioactive Waste Management, 1999: 
provided invited testimony on information and decision-making.  
Joint Committee on Public Enterprise and Transport, Irish Parliament, 
1999: provided invited testimony on nuclear fuel reprocessing and 
international security.  
UK and Irish Parliaments, 1998: gave members' briefings on risks and 
alternative options associated with nuclear fuel reprocessing in the UK.  
Center for Russian Environmental Policy, Moscow, 1996: presentation 
at a forum in parallel with the G-7 Nuclear Safety Summit.  

a Lacey Township Zoning Board, New Jersey, 1995: testimony regarding 
radioactive waste management.  

6 Ontario Court of Justice, Toronto, Ontario, 1993: testimony regarding 
Canada's Nuclear Liability Act.  

0 Oxford Research Group, seminar on '"The Plutonium Legacy", Rhodes 
House, Oxford, UK, 1993: presentation on nuclear safeguards.  

a Defense Nuclear Facilities Safety Board, Washington, DC, 1991: 
testimony regarding the proposed restart of K-reactor, Savannah River 

Site.  
* Conference to consider amending the Partial Test Ban Treaty, United 

Nations, New York, 1991: presentation on a global approach to arms 
control and disarmament.  

* US Department of Energy, hearing on draft EIS for new production 
reactor capacity, Columbia, SC, 1991: presentation on tritium need and 

implications of tritium production options.  
* Society for Risk Analysis, 1990 annual meeting, New Orleans, 

special session on nuclear emergency planning: presentation on real
time techniques for anticipating emergencies.  
* Parliamentarians' Global Action, 11th Annual Parliamentary Forum, 

United Nations, Geneva, 1990: presentation on the potential for 
multilateral nuclear arms control.  

* Advisory Committee on Nuclear Facility Safety, public meeting, 
Washington, DC, 1989: submission on public access to information and 

on government accountability.  
* Peace Research Centre, Australian National University, seminar on 

"Australia and the Fourth NPT Review Conference", Canberra, 1989: 
proposal of a universal nuclear weapons non-proliferation regime.  
Carnegie Endowment for International Peace, Conference on 'Nuclear 
Non-Proliferation and the Role of Private Organizations", Washington, 

DC, 1989: options for reform of the non-proliferation regime.  
* US Department of Energy, EIS scoping hearing, Columbia, SC, 1988: 

appropriate scope of an EIS for new production reactor capacity.
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* International Physicians for the Prevention of Nuclear War, 6th and 
7th Annual Congresses, Koln, FRG, 1986 and Moscow, USSR, 1987: 
relationships between nuclear power and the threat of nuclear war.  

e County Council, Richland County, SC, 1987: implications of severe 
reactor accidents at the Savannah River Plant.  

* Maine Land Use Regulation Commission, 1985: cogeneration potential 
at facilities of Great Northern Paper Company.  

* Interfaith Hearings on Nuclear Issues, Toronto, Ontario, 1984: 
options for Canada's nuclear trade and Canada's involvement in 
nuclear arms control.  

* Sizewell Public Inquiry, UK, 1984: safety and radioactive waste 
implications of the proposed Sizewell nuclear plant.  

* New Hampshire Public Utilities Commission, 1983: electricity 
demand and supply options for New Hampshire.  

* Atomic Safety & Licensing Board, US Nuclear Regulatory Commission, 
1983: use of filtered venting at the Indian Point nuclear plants.  
* US National Advisory Committee on Oceans and Atmosphere, 1982: 

implications of ocean disposal of radioactive waste.  
• Environmental & Energy Study Conference, US Congress, 1982: 

implications of radioactive waste management.  

Miscellaneous 

* Married, two children.  
• Extensive experience in public speaking before professional and lay 

audiences, and in interviews with print and broadcast journalists.  
* Author of numerous newspaper, newsletter, and magazine articles and 
book reviews.  

Contact information 

Institute for Resource and Security Studies 
27 Ellsworth Avenue, Cambridge, Massachusetts 02139, USA 
Phone: (617) 491-5177 Fax: (617) 491-6904 E-mail: irss@igc.org
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Abstract 

Orange County, North Carolina, commissioned this report because the 
licensee of the Shearon Harris nuclear plant has requested an amendment of 
its operating license. The amendment would permit the activation of two 
currently unused spent fuel pools at Harris.  

This report examines the risks and alternative options associated with spent 
fuel storage at Harris. The report identifies a potential for severe accidents at 
the Harris pools. Such accidents could release to the atmosphere an amount 
of cesium-137 an order of magnitude larger than the release from the 1986 
Chernobyl accident. A severe accident at the Harris PWR, with containment 
failure or bypass, can be expected to initiate a large release from the fuel pools.  

Alternative, safer options for spent fuel management are available. These 
options include dry storage of spent fuel, which is a well-established practice.
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I Introduction 

Carolina Power & Ught Company (CP&L) requested, in December 1998, an 
amendment of its operating license for the Shearon Harris nuclear plant. The 
amendment, if granted by the Nuclear Regulatory Commission (NRC), would 
permit the activation of two currently unused spent fuel pools at Harris. In 
January 1999, Orange County commissioned this report, which examines the 
risks and alternative options associated with spent fuel storage at Harris.  

Structure of this report 

This report has two major components, One component is a main report 
which is comparatively brief and is intended for a non-specidalist audience.  
The second component is a set of five appendices. These appendices contain 
detailed, technical material and citations to technical literature. Unless 
otherwise indicated, discussion in the main report rests upon the more 
detailed discussion in the appendices.  

What is spent fuel? 

Figure 1 shows a fuel assembly of the type that Is used in the Harris reactor.1 

The fuel rods are 12 feet long, and the assembly is &4 inches square. After a 
fuel assembly is discharged from a reactor, it is "spent" in the sense that it can 
no longer be used to generate power. However, at this point in its life the 
assembly is much more dangerous than when it entered the reactor. It emits 
heat and intense radiation, and contains a large inventory of radioactive 
material.  

Remainder of this report 

The remainder of this main report begins with descriptions of the Harris 
plant (Section 2) and CP&Ls intentions regarding the fuel pools at Harris 
(Section 3). Then, categories of potential accident at Harris are identified 
(Section 4), followed by descriptions of potential design-basis (Section 5)and 
severe (Section 6) accidents at the Harris pools. The offsite consequences of 
potential pool and reactor accidents are addressed in Section 7. Alternative 
options for spent fuel management are presented (Section 8), followed by a 
discussion of regulatory processes (Section 9). Conclusions are presented in 
Section 10.  

1 Figure I is adapted from: A V Nero, A Guidebook to Nuclear Reacto"s University of 
California Press, 1979, page 79.
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3. Proposed activation of fuel pools C and D 

CP&L seeks an amendment to its operating license so that it can activate pools 
C and D at Harris. By activating these pools, CP&L expects to have sufficient 
storage capacity at its three nuclear plants to accommodate all the spent fuel 
discharged by the four CP&L reactors (the Harris and Robinson PWRs and the 
two Brunswick BWRs) through the ends of their current operating licenses.  

Capacity and configuration of pools C and D 

CP&L plans to Install racks In pool C in three campaigns (approximately In 
2000, 2005 and 2014), to create a total capacity in this pool of 3,690 fuel 
assemblies. Thereafter, CP&L plans to Install racks in pool D in two 
campaigns (approximately in 2016 and. at a date to be determined), to create 
1,025 spaces. Thus, the ultimate capacity of popls C and D will be 4,715 fuel 
assemblies. The center-center distance-in the racks used in these pools will be 
9.0 inches for PWR fuel and 6.25 inches for BWR fuel. In pool C, the space' 
between the outermost racks and the pool wall will be 1-2 inches.  

The PWR racks in pools C and D will have a smaller center-center distance 
than the racks in pools A and B (9.0 inches instead of 10.5 inches). This highly 
compact arrangement allows more PWR fuel to be placed in a given" pool area 
but also has adverse implications for safety.  

Cooling and electrical supply for pools C and D 

The water in a spent fuel pool must be cooled and cleaned. Cooling is 
performed by circulating pool water through heat exchangers, where its heat 
is .tiransferred to a secondary coolihg system. At Harris, the secondary cooling 
system is the component cooling water (CCW) system. When the Harris 
plant was designed, the intention was that pools C and D would be cooled by 
the CCW system for Unit 2. Also, electricity would have been supplied to the 
circulating pumps at pools C and D from the electrical systems of Unit 2.  
However, Unit 2 was never built and its CCW and electrical systems do not 
exdst.  

CP&L's current plan is to cool pools C and D by completing their partially 
built cooling systems and connecting those systems to the Unitl CCW 
systei. Electricity will be supplied to pools C and D from the electrical 
systems of Unit 1. The Unit I CCW system already provides cooling to pools 
A and B and serves other, important safety functions. For example, the Unit 
1 CCW system provides cooling for the residual heat removal (RHR) system 
and reactor coolant pumps of the Unit I reactor.
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address this situation, CP&L proposes an "alternative plan" to demonstrate 
that the previously completed piping and other equipment Is adequate for its 
purpose. Nevertheless, the cooling systems for pools C and D will not satisfy 
prevailing code requirements.  

4. Types of potential accident at the Hanris plant 

Most of the radioactive material at the Harris plant is either in the reactor or 
in the spent fuel pools. Thus, these locations are of primary concern when 
one considers the potential for acddents. This report focusses on the 
potential for accidents in the reactor or the pools. At present, pools C and D at 
Harris pose no accident potential, because they are unused.  

Some potential accidents could cause injury to plant personnel, without 
causing any offsite effects. Other potential accidents could release radioactive 
material beybnd the plant boundary, causing offsite effects. The radioactive 
material could be released as an atmospheric plume, or into ground or surface 
waters. This report focusses on accidents that release an atmospheric plume 
which travels beyond the plant boundary. Such a plume will contain 
radioactive material in the form of gases and smill particles. As the plume 
travels downwind, the small particles will be deposited onto land, bodies of 
water, structures and vegetation.  

Design-basis and severe accidents 

A nuclear plant is designed to accommodate the effects of a specified set of 
accidents, known as "design-basis" accidents. If the plant is properly designed 
and constructed, if its equipment and operators function in the required 
manner, and if external influences (e.g., earthquakes) do not exceed specified 
levels, then the offsite effects of a design-basis accident will be small Design
basis accidents and their anticipated effects are described in a Final Safety.  
Analysis Report (FSAR) prepared and regularly updated by the licensee.  

In the early years of the nuclear industry, some people equated design-basis 
accidents with "credible" accidents. However, research and operating 
experience -soon revealed that accidents more severe than the design basis are 
credible. The first systematic.study of the. potential for severe accidents was 
the Reactor Safety Study, completed and published by the NRC in 1975.  
"Severe" accidents are conventionally" defined as accidents involving.  
substantial damage to fuel, with or without a. substantial release of 
radioactivity to the environment.  

The Three Mile Island (TMI) reactor accident of 1979 was a demonstration of 
the potential for severe accidents.. Soon thereafter, the NRC promulgated
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5. Design-basis pool accidents 

The Harris FSAR considers two types of design-basis accident in the Harris 
fuel pools. One type of accident involves the dropping of a fuel assembly, 
while the other type involves the dropping of a shipping cask (but not into a 
fuel pool). In both cases, the FSAR estimates that the release of radioactivity 
would be relatively small. This report does not review the FSAR analysis.  

In its license amendment application, CP&L has considered some other 
potential accidents, including the dropping of a rack or a fuel pool gate.2 

CP&L's analysis of these accident scenarios is limited in scope. Accidents of 
this type may be in an intermediate class of severity, and that potential dcass 
deserves further analysis.3 This report focusses on the potential for severe 
accidents.  

It should be noted that the use of pools C and D at Harris will involve many 
additional cask, fuel and rack movements. These additional movements will 
increase the cumulative probability of accidents associated with such 
movements.  

6. Severe pool accidents 

Spent fuel is stored in a compact, high-density configuration in pools A and B 
at Harris. CP&L's proposed activation of pools C and D will involve an even 
higher density of storage. Such high-density configurations inhibit heat loss 
from the fuel if water Is partially or totally lost from a pooL As a result, 
partial or total loss of water can lead to an exothermic (heat-producing) 
reaction of the fuel cladding with air or steam. Such a reaction could liberate 
a large amount of radioactive material from the fuel.  

Thus, two questions become important. First, what circumstances could 
cause a partial or total loss of water? This question is addressed in Appendix 
C. Second, will an exothermic reaction be initiated if water is lost? That 
question is addressed in Appendix D.  

Potential for loss of water 

A variety of events could cause partial or total loss of water from the Harris 
pools. These events deserve the level of analysis that would be provided by a 
thorough PRA. Performing a iool accident PRA is beyond the scope of our 

2 Ucense amendment application, Enclosure 7.  
3 A potential accident in this class, which deserves analysis, would involve the placement of a 
low-bumup or high-enrichment PWR assembly in the racks in pools C or D. /
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An exothermic reaction could propagate from one set of fuel assemblies to an 
adjacent set of assemblies that might not otherwise suffer such a reaction.  
The NRC's studies of propagation are incomplete, but they acknowledge the 
potential for propagation.  

Exothermic reactions in the Harris pools 

CP&L representatives have stated .that spent fuel assemblies will not be placed 
in pools C and D at Harris until the assemblies have aged for 5 years after 
discharge. However, there is nothing in CP&L's license amendment 
application that prohibits the placement of more recently-discharged fuel in 
pools C and D. In any case, preliminary analysis suggests that partial water 
loss could, initiate an exothermic reaction in fuel aged 10 years after discharge.  
Thus, exothermic reactions could occur in pools C and D.  

For the purpose of estimating the potential consequences of a pool accident at 
Harris, this report considers two scenarios for exothermic reactions. One 
scenario involves fuel aged up to 3 years after discharge from a reactor, while 
the second scenario involves fuel aged up to 9 years after discharge from a 
reactor. In both cases, it is assumed that the entire inventory of cesium in the 
affected fuel assemblies would be released to the atmosphere. This 
assumption is consistent with NRC studies.  

7. Consequences of potential pool and reactor accidents 

This report focusses on accidents that release an atmospheric plume which 
travels beyond the plant boundary. The consequences of such a release can be 
estimated by site-specific computer models. Here, a simpler approach is used, 
but this approach is adequate to show the nature and scale of expected 
consequences. The approach is described in Appendix E.  

The role of cesium-137 

The consequences of a pool accident can be adequately illustrated by 
examining a release of only one radioisotope - cesium-137. This isotope has a 
half-life of 30 years and is liberally released from damaged fuel. It dominates 
the offsite radiation exposure from the 1986 Chernobyl accident, and is a 
major contributor to radiation exposure attributable to fallout from the 
atmospheric testing of nuclear weapons in the 1950s and 1960s.  

Three atmospheric releases of cesium-137 are postulated here for the purpose 
of examining consequences. First, a release of about 2 million Curies (2 MCi) 
corresponds to the most severe reactor accident identified in the Harris IPE.  
Second, a release of about 20 million Curies .(20 MCi) corresponds to a pool
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percent for males and 34 percent for females. The shape of the dose-response 

function is a subject of debate.  

8. Alternative options for spent fuel management 

The present mode of spent fuel storage In Harris pools A and B poses a major 
hazard. This hazard will be substantially increased if pools C and D are 
activated. CP&L has not properly characterized the present and potential 
hazard, nor has the company provided a systematic assessment of alternative 
options.  

A situation like this calls for a systematic, comprehensive assessment of 
alternative options and their impacts. A full range of alternatives should be 
identified, and their impacts and other characteristics should be assessed.  
Performance of such an analysis is beyond the scope of the author's current 
work for Orange County. An abbreviated discussion Is presented here.  

Options not reviewed here 

One option would be to cease operation of CP&L's nuclear plants. That 
option, which could be combined with other options for storage Of CP&L's 
present stock of spent fuel, is not reviewed here. Another set of options 
would employ high-density pool storage but would introduce technical 
measures that sought to increase the reliability of the cooling systems for 
some or all of the Harris pools, or to decrease the potential for safety 
interactions between the pools and the reactor. Independent support systems 
for pools C and D, as mentioned in Section 3, would be in this class of options.  
Such options are not reviewed here.  

Options reviewed here 

This report focusses on two classes of options for spent fuel storage. One class 
involves dry storage of spent fuel, using proven technology. The second 
class, which could complement dry storage, involves low-density storage in 
pools. A combination of dry storage and low-density pool storage could offer 
a practical, proven means of dramatically decreasing the hazard posed by 
high-density pool storage at Harris.  

Dry storage 

The NRC has approved a variety of designs for the dry storage of spent fuel.  
These designs are described in Table 1, and their current use by licensees is
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Summary 

CP&L could employ a spent fuel storage strategy which combines dry storage 
with low-density pool storage. Some or all of pools A, B, C and D at Harris 
would be used in a low-density configuration. If appropriately designed and 
implemented, this strategy could dramatically reduce the hazard posed by 
present and proposed fuel storage arrangements at Harris.  

9. Addressing risks and alternatives in the regulatory arena 

Orange County has requested the NRC to hold a hearing regarding CP&L's 
license amendment application, and the NRC has established a Licensing 
Board for this case. These actions have initiated a regulatory process which 
has been employed many times before. A review of this process is beyond the 
scope of this report, but some brief observations may be helpful.  

The licensing process will typically assume that regulatory decisions taken hi 
the past were correct. Thus, the existing operations at Harris pools A and B 
might be held to establish a precedent for the proposed operations at pools C 
and D. However, this report shows that the NRC has not properly analyzed 
the potential for severe pool accidents at a generic level This point may or 
may not Influence the NRCs regulatory process, but it deserves continuing 
emphasis through all available channels.  

At Harris, and nationwide, there is a need for a thorough assessment of the, 
hazards associated with high-density pool storage, and of alternative options 
which could pose a lower hazard. Orange County would provide an 
important public service if it could persuade the NRC or another body to 
conduct such an assessment, perhaps in the form of an environmental 
impact statement. There has been discussion about the US Department of 
Energy taking title to the nation's spent fuel, while the fuel remains at plant 
sites. This move could provide an opportunity for a thorough assessment of 
risks and options, and for the adoption of safer means of fuel storage.  

10. Conclusions 

C1 Given the present and proposed configuration of spent fuel storage in 
the Harris pools, partial or total loss of water from the pools could initiate 
exothermic reactions of fuel cladding, in any or all of pools A, B, C and D.  

C2 Partial or total loss of water from the Harris pools could occur through 
a variety of events including acts of malice, and would be an almost certain 
outcome of a severe reactor accident at Harris involving containment failure
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RISKS AND ALTERNATIVE OPTIONS 
ASSOCIATED WITH SPENT FUEL STORAGE AT THE 

SHEARON HARRIS NUCLEAR POWER PLANT 

Appendix A 

Spent fuel management at the Harris plant 

1. Introduction 

This appendix summarizes present and proposed arrangements for managing 
spent fuel at the Shearon Harris plant. Carolina Power & Light Company 
(CP&L), the licensee for the plant, proposes to introduce new arrangements 
for spent fuel management. For that purpose, CP&L seeks an amendment to 
the plant's operating license. Unless specified otherwise, information 
presented here is drawn from CP&L's application to amend the Harris license, 
from CP&L's Final Safety Analysis Report (ESAR) for the Harris plant, or 
from viewgraphs shown by CP&L personnel during meetings with staff of the 
Nuclear Regulatory Commission (NRC). 1 

2. Present and proposed spent fuel storage capacity 

The Harris plant features one pressurized-water reactor (PWR). The core of 
this reactor contains 157 fuel assemblies, with a center-center distance of about 
8.5 inches. The Harris plant was to have four units but only the first unit was 
built. (A unit consists of a reactor, a turbine-generator and associated 
equipment.) A fuel handling building was built to serve all four units. This 
building contains four fuel pools (A, B, C, D), a cask loading pool and three 
fuel transfer canals, all interconnected but separable by gates. Figure A-1 
-shows a plan view of the interior of the fuel handling building.  

Pools Aand B 

Pools A and B contain fuel racks, and are in regular use. CP&L says that fresh 
fuel, and spent fuel recently discharged from the Harris reactor, is stored in 
pool A. Fuel examination and repair are performed in an open space in pool 

Meeins between NRC staff and CP&L representatives, to discuss the proposed license 
amendment, were held on 3 March 1998 and 16 July 1998.
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Summary 

Table A-1 summarizes the present and proposed storage capacity in the Harris 
pools. At present, pools A and B have a combined, potential capacity of 3,669 
assemblies. The proposed, combined capacity of pools C and D will be 4,715 
assemblies. Thus, activation of pools C and D will represent an increase of 
about 130 percent in the number of fuel assemblies that could be stored at 
Harris.  

3. Support services for pools C and D 

The water in a spent fuel pool must be cooled and cleaned. Figure A-2 
provides a schematic view of typical cooling and cleanup systems. It will be 
noted that pool water is circulated through heat exchangers, where its heat is 
transferred to a secondary cooling system. At Harris, the secondary cooling 
system is the component cooling water (CCW) system. Water in the 
secondary system is in turn circulated through heat exchangers, where its heat 
is transferred to a tertiary cooling system. At Harris, the tertiary cooling 
system is the service water (SW) system.  

When the Harris plant was designed, the intention was that pools C and D 
would be cooled by the CCW system for the second uniL That unit was never 
built and its CCW system does not exisL Thus, CP&L plans to cool pools C 
and D by completing their partially built cooling systems and connecting 
those systems to the CCW system of the first uniL The Unit I CCW system 
already provides cooling to pools A and B and serves other, important safety 
functions. For example, the Unit I CCW system provides cooling for the 
residual heat removal (RHR) system and reactor coolant pumps of the Unit 1 
reactor.  

The original design concept for Harris 

In the Harris plant's original design concept, pools A and B would have 
served Units I and 4, while pools C and D would have served Units 2 and 3.  
There would have been a separate, fully-redundant, 100 percent-capacity 
cooling and water cleanup system for each pair of pools (A+B and C+D).  
Cooling of pools C and D would have been provided by the CCW- system of 
Unit 2. Electrical power for the pumps that circulate water from the C and D 
pools through heat exchangers (see Figure A-2) would have been supplied by 
the Unit 2 electrical systems. Pools A and B would have been supported by 
the CCW and electrical systems of Unit 1.
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upgrade will commence in mid-1999 and will be completed in early 2001, one 

year after the company expects pool C to enter service.  

Safety implications 

In order to exploit the margin in the existing CCW system so as to cool pools 
Cand D, CP&Lmay be obliged to require its operators to divert some CCW 
flow from the RHR heat exchangers during the recirculation phase of a 
design-basis loss-of-coolant accident (LOCA) event at the Harris reactor.$ This 
is a safety issue because, during the recirculation phase of a LOCA, operation 
of the RHR system is essential to keeping the reactor core and containment in 
a safe condition. CP&L's exploitation of the margin in the existing CCW 
system is deemed by CP&L and NRC to constitute an "unreviewed safety 
question".6 

In Enclosure 9 of its license amendment application, CP&L provides a brief 
description of the analysis that is has performed to demonstrate that an 
additional load of 1.0 million BTU/hour is within the marginal capacity of 
the Unit I CCW system. That analysis is said by CP&L to take the form of a 
10CFR50.59 Safety Evaluation. The description in Enclosure 9 raises more 
questions than it answers, and does not address the practical issues that affect 
an.analysis of a cooling system's thermal margin. For example, CP&L has 
mentioned elsewhere that exploitation of the margin in the Unit I CCW 
system could involve changes in design assumptions that include fouling 
factors and tube plugging limits7 These matters are not addressed in 
Enclosure 9.  

As background, note that the Unit I CCW system has two heat exchangers, 
each with a design heat transfer rate of 50 million BTU/hour. During the 
recirculation phase of a design-basis. LOCA, the estimated maximum heat 
load to be extracted from the CCW system by the SW system Is 160 million 
BTU/hour.' These numbers suggest that accommodating a design-basis 
LOCA- will already exploit the margin of the CCW system, without any 
additional load from pools C and D.  

Lack of QA documentation 

Activation of pools C and D will require the completion of their cooling and 
water cleanup systems, and the connection of their cooling systems to the 

5 License amendment application, Enclosure 9.  
6 hlKd; Federal Register. January 13,1999 (Volume 64, Number 8), pages 2237-2241.  
7 Vievgraphs for presentation by CP&L to the NRC staff, 3 March 1998.  
8 Harris FSAR, section 9.2, Amendment No. 40.



Risks & alternative options re. spent -fuel storage at Harris 
Appendix A 

Page A-7 

A Harris PWR assembly has a mass of 0.461 MTHML Thus, one can estimate 
that a typical Harris assembly contains, at discharge, 0.65 x 105 Curies of 
cesium-137. The assembly's content of cesium-137 will decline exponentially, 
with a half-life of 30 years. At the same age after discharge, a typical BWR 
assembly in the Harris pools will contain about 1/4 of the amount of cesium
137 in a Harris PWR assembly.14 

Potential stock of assemblies in the Harris pools 

Table A-2 shows CP&L's projection of the stock of assemblies in Harris pools 
C and D, for the purposes of bounding analysis. A CP&L representative has 
stated that CP&L will not ship fuel to Harris untilUit has aged for 3 years, and 
will not place fuel in pools C and D until it has aged for 5 years.is Accepting 
that fuel aged less than 3 years will not be shipped to Harris, one can assume, 
to supplement Table A-2, that the Harris pools will contain 456 BWR 
assemblies aged for 3 years, 172 PWR assemblies aged for 3 years, and 96 FWR 
assemblies aged for 1 year. Hereafter, these assumptions and Table A-2 are 
taken to represent the potential stock of fuel assemblies in the Harris pools.  

On this basis, the Harris pools' stock of spent fuel aged 3 years or less will be 
26,0, PWR assemblies and 456 BWR assemblies. All of this fuel might be in 
pools A and B, although there is nothing in CP&L's present or proposed 
Technical Specifications which prohibits placement of recently discharged 
fuel in pools'C and D. On the same basis, the Harris pools' stock of spent fuel 
aged 9 years or less will be 784 PWR assemblies and 1,824 BWR assemblies.  

Inventory of cesium-137 

Now consider the inventory of cesium-137 in the Harris pools. Assume that 
a newly discharged PWR assembly contains 0.65 x 105 Curies of cesium-137, 
neglect the difference between Harris and Robinson assemblies, allow for 
radioactive decay, and assume that a BWR assembly contains 1/4 of the 
amount of cesium-137 in a PWR assembly of the same age. Then, the Harris 
pools' stock of spent fuel aged 3 years or less will contain 2.3 x 107 Curies 
(870,000 TBq) of cesium-137, with a mass of 260 kilograms. Also, the Harris 
pools' stock of spent fuel aged 9 years or less will contain 7.1 x 107 Curies 
(2,600,000. TBq) of cesium-137, with a mass of 790 kilograms.  

14 The ratio of 11/4 derives from the parameters shown in the license amendment application, 
Enclosure 7, page 5-15.  
15 J Scarola of CP&M, presentation to Orange County Board of Commissioners, 9 February 1999.
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Source: License amendment application 

Table A-1

Present and proposed storage capacity in the Harris pools

Pool PWR spaces BWR spaces Total 
'A' 360 .363 723 
'B' 768 2178 2946 
'C" 927 2763 3690" 
"D7 1025 0 1025 

Total 3080 5304 8384



RISKS AND ALTERNATIVE OPTIONS 
ASSOCIATED WITH SPENT FUEL STORAGE AT THE 

SHEARON HARRIS NUCLEAR POWER PLANT 

Appendix B 

Potential for severe accidents at the Harris reactor 

1. Introduction 

In examining the risks associated with spent fuel storage at Harris, one must 
consider the potential for accidents at the Harris reactor. Such consideration 
is necessary for two reasons. First, a reactor accident could accompany, initiate 
or exacerbate a spent fuel pool accident. Second, modification of the Harris 
plant to increase Its spent fuel storage capacity could increase the probability 
or consequences of accidents at the Harris reactor.  

This appendix addresses the potential for severe accidents at the Harris 
reactor. "Severe" reactor accidents have two major defining characteristics.  
First, they involve substantial damage to the reactor core, with a* 
corresponding release of radioactive material from the fuel assemblies.  
Second, they extend the envelope of potential accidents beyond the "design 
basis" accidents that were considered when US reactors were first licensed.  

During a severe reactor accident, radioactive material may be released to the 
environment, as an atmospheric plume or by entry into ground or surface 
waters. The release may be large or small. In illustration, the 1979 TMI 
accident and the 1986 Chemobyly accident were both severe accidents, 
involving'substantial damage to the reactor core. However, the TMI release 
was comparatively small and the Chernobyl release was comparatively large.  

2. Probabilistic risk assessment 

The probabilities and consequences of potential accidents at nuclear facilities 
can be estimated through the techniques of probabilistic risk assessment 
(PRA). Nuclear facility PRAs are performed at three levels. At Level 1, a PRA 
will estimate the probability of a specified type of accident (e.g., severe core 
damage at a reactor). At Level 2, which builds upon Level I findings, a PRA 
will estimate the nature of potential radioactive releases from the facility. In
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operation. Figure B-1 shows core damage frequency for internal events, fires 
and earthquakes (seismic events). Two estimates are shown for seismic 
events, one drawing on an estimate of earthquake frequency by Lawrence 
Livermore National Laboratory, the other on an estimate by the Electric 
Power Research Institute (EPRI). The bars in Figure B-1 span an estimated 
uncertainty range from the 5th to the 95th percentile. An alternative 
portrayal of estimated uncertainty is provided by the probability densities 
shown in Figure B-2.  

The authors of NUREG-1150 made a considerable effort to estimate the 

uncertainty associated with their findings. However, their uncertainty 
estimates relied heavily on expert opinion, rather than on a statistical analysis 
of data. Thus, the uncertainty estimates in NUREG-1150 should be viewed 
with caution. The reader will observe a cautionWr statement attached to 
Figures B-1 and B-2. Finally, the NUREG-1150 findings of accident probability 
must be viewed as lower bounds, as explained above.  

Acts of malice 

Nuclear reactor PRAs do not consider malicious acts such as sabotage, 
terrorism or acts of war. Such acts are less susceptible to probabilistic analysis 
than. are accident initiators such as human error. Nevertheless, sabotage and 

terrorism pose a significani threat to US nuclear plants.s NRC regulations 
oblige reactor licensees to take certain precautions against this threat, but 
these precautions do not preclude the possibility of successful acts of sabotage 
or terrorism.  

The US government is increasing the level of attention and the expenditure 
that it devotes to the threat of terrorism. Many observers argue that greater 
effort is required. For example, three authors with high-level government 
expeiience have recently written:6 

Long part of the Hollywood and Tom Clancy repertory of nightmarish 
scenarios, catastrophic terrorism has moved from far-fetched horror to 

a contingency that could happen next month. Although the United 
States still takes conventional terrorism seriously, as demonstrated by 
the response to the attacks on its embassies in Kenya and Tanzania in 

August, it is not yet prepared for the new threat of catastrophic 
terrovism.  

5G Thompson, Way. Terrorism and Nuclear Power Plantb Peace Research Centre, Australian 
National University, October 1996.  
6 A Carter, J Deutch and P Zelikow, "Catastrophic Terroism", F ign Affa 

NovemberlDcember 1998, page 80.

0
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The NRC has compiled and compared IPE findings for all US commercial 
nuclear reactors.10 Some of the results are shown in Figures B-3 and B-.  
Figure B-3 shows that the reported core damage frequencies tend to be 
significantly higher for PWRs than for boiling-water reactors (BWRs). Figure 
B-4 shows that the reported core damage frequencies tend to be higher for 3
loop Westinghouse (W-3) PWRs than for 2-loop and 4-loop Westinghouse 
PWRs and PWRs made by Combustion Engineering (CE) and Babcock & 
Wilcox (B&W). The Harris reactor is a 3-loop Westinghouse PWR.  

From Its compilation of 1PE findings, the NRC concluded that sequences 
involving LOCAs (especially LOCAs with recirculation failure) and station 
blackout are major contributors to estimated core damage frequency at 3-loop 
Westinghouse PWRs. This conclusion is consistent with the Harris IPE 
findings outlined above. The NRC noted that the 3-loop Westinghouse 
PWRs exhibit a relatively high dependence of front-line safety systems on 
service water (SW), component cooling water (CCW) and heatin& ventilating 
& air conditioning (HVAC) systems.: 

1PEEE findings 

The Harris IPEEE consisted of a seismic margins analysis and a limited 
analysis of in-plant fires. The seismic margins analysis examined the Harris 
reactor's ability to withstand a review level eathquake (RLE) of 0.3g. Note 
that the reacdor's safe shutdown earthquake (SSE) is 0.15g and its operating 
basis earthquake Is 0.075g. According to the IPEEE, the only actions required 
to make the Harris reactor safe against the RLE involved housekeeping and 
minor modifications, and these actions have been taken. The IPEEE did not 
investigate the Implications of an earthquake more severe than the RLE.  

A limited analysis of in-plant fires appears in the IPEEE. This analysis 
identified four fire scenarios as significant contributors to core damage 
frequency. One scenario would take place in each of switchgear rooms A and 
B, and two scenarios would take place in the control room. The combined 
cqre damage frequency, summed over all four scenarios, would be I x 10. per 
reactor-year, but the IPEEE argues that a summation of this kind would be 
inaccurate'without further refinement of the analysis.  

Figures B-1 and B-2 illustrate the findings that can be generated by the 
systematic application of PRA techniques to accident sequences initiated by 
external events. In comparison, the Harris IPEBE is a relatively crude study.  

10 US Nuclear Regulatory Commissim Individual Plant Exain- ,ation Progam. Pectves on 
Reactor Safety and Plant Performance. NUREG-1560 ( 3 vols) December 1997.
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significant degree of containment failure or bypass, with a total probability of 

about I x 105 per reactor-year.11 

4. Pool-reactor interactions 

Neither CP&L nor NRC have performed an analysis to determine how a 
severe accident or a design-basis accident at the Harris reactor might 
accompany, initiate or exacerbate an accident at the Harris fuel pools, or vice 
versa.12 Appendix C shows how a severe reactor accident could initiate a pool 
accident by precluding personnel access. From Appendix E it can be inferred 
that a pool accident could similarly preclude access to the reactor.  

The Harris IPE does not analyze the implications that activation of pools C 
and D at Harris might have for severe accidents at the Harris reactor.  
Appendix A points out that activation of pools C and D will raise two safety 
issues that could -increase the probability of core damage at Harris. First, 
cooling of pools.C and D and a planned uprate in reactor power will place an 
increased heat load on the component cooling water (CCW) system of Harris 
Unit 1, thus adding stress to operators and equipment at Harris, potentially 
increasing the probability of core damage. Second, cooling of pools C and D 
will create an increased load on the electrical systems at Harris, thereby adding 
stress to operators and equipment and. potentially increasing the probability of 
core damage. Before activation of pools C and D is permitted, these effects 
should be examined through a supplement to the Harris IPE.  

1 t Release categories involving significant containment failure or bypass are, in descending 
order of estimated probability, RC4, RC-5, RC-6, RC-lB, RC4C and RC-3. Each of these 

categories involves a 100 percent release of noble gases. The Cs! release fraction ranges from 
.001 percent (RC-6) to 59 percent (RC-5).  
12 As examples of literature relevant to potential safety interactions between fuel pools and 
reactors, see: D A Lochbaum, Nuclear Waste Disposal CrUsis. PennWell Books, Tulsa, OK, 1996; 
and N Slu et.al, Loss of Spint Puel Pool Cooling PRA: Model and Resits. INEL-96/0334. Idaho 
National Engineering Laboratory, September 1996..
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Potential for loss of water from the Harris pools 

L. Introduction 

This appendix considers the potential for partial or total loss of water from 
one or more of the Harris fuel pools. The arrangement and use of these pools 
are described in Appendix A. If a loss of water occurs, then exothermic 
reactions could occur in the affected pools, as described in Appendix D.  

2. Types of event that might cause water loss 

A variety of events, alone or in combination, might lead to partiA or 
complete uncovering of spent fuel in the Harris pools. Relevant types of 
event include: 

(a) an earthquake, cask drop, aircraft crash, human error, equipment 
failure or sabotage. event that leads to direct leakage from the pools; 
(b) siphoning of water from the pools through accident or malice; 
(c) Interruption of pool cooling, leading to pool boiling and loss of 
water by evaporation; and 
(d) loss of water from active pools into adjacent pools or canals that 
have been gated off and drained.  

3. Assessing the potential for water loss: the role of PRA 

A discipline known as probabilistic risk assessment (PRA) has been developed 
to examine the probabilities and consequences of potential accidents at 
nuclear facilities. PRA techniques are most highly developed in their 
application to reactor accidents, but can be applied to fuel pool accidents.  
Appendix B desdrlbes the characteristics, strengths and limitations of PRA.  

Carolina Power & Light Company (CP&L) has prepared a Level 2, internal
events PRA for the Harris reactor, in the form of an Individual Plant
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this pool, the NRC sought to obtain knowledge that would be relevant to 

other PWRs.  

Earthquake 

The NRC's analysis of the Robinson pool showed that there is high 
confidence (95 percent) of a low probability (5 percent) of structural failure of 
the pool in the event of an earthquake of 0.65g. A more severe earthquake 
could cause structural failure and water loss, and the mean probability of such 
an event was estimated to be 1.8 x 10-6 per reactor-year.  

Cask drop 

The NRC's analysts examined a four-foot drop of a 68-ton fuel shipping cask 
onto the wall of the Robinson fuel pool. They estimated that the wall would 
suffer significant damage. Cracking of the concrete, yield of reinforcing steel, 
and tearing of the liner could be expected. Loss of pool water could follow.  
The probability of this cask drop was not estimated.  

Relevance of these findings to Harris 

Each nudear plant has specific design features. Thus, the findings from 
Robinson cannot be applied uncritically to Harris. Nevertheless, the 
Robinson findings suggest that the Harris fuel pools may be vulnerable to 
water loss in the event of a severe earthquake or a cask drop.  

The Harris pools are partly below the site's grade level, and the tops of the 
fuel racks are at grade level. However, there are rooms and passages below 
the pools. Also, there are three deep cavities adjacent to the fuel handling 
building, where the containments for Units 2-4 were to have been 
constructed. Thus, the pools could drain below the tops of the fuel racks, 
partially or completely, if damaged by an earthquake or cask drop.  

Administrative and technical measures are employed at Harris to prevent a 
cask drop onto a pool wall or into a pool. There is some probability that these 
measures will fail and a cask drop will occur. No PRA estimate of this 
probability is available. An NRC-sponsored analysis found the probability of 
structural failure from a cask drop at the Millstone and Ginna plants, prior to 
improvements, to be 3 x 10-4 per reactor-year. 4 After improvements, the 

4 V L Sailor et al, Severe Acddents in Spent Fuel Pools in Support of Generic SafetyV ssue 82.  
NU-REG/CR-498 July 1987, Table 2.10.
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death within a few days. Doses above 10,000 rem will lead to failure of the 

central nervous system, causing death within a day.9 

Prevention of access, and its implications 

It is dear that a severe accident at the Harris reactor, accompanied by 
containment failure or bypass, would preclude personnel access to the plant.  
To this author's knowledge, CP&L has made no preparations to maintain 
pool cooling after such an event. It can be assumed that pool cooling would 
cease during the accident, and would not resume.  

In CP&L's application for a license amendment to activate pools C and D at 
Harris, the bounding decay heat load for pools C and D is estimated to be 15.6 
million BTU/hour (4.6 MW). CP&L states that the mass of water in these two 
pools, above the racks, will be 2.9 million pounds (1,320 tonnes). Then, CP&L 
estima*,tes that the pools will begin to boil, if pool cooling systems become 
inoperative, after a period "in excess of 13 hours".10 If we assume that cooliUg 
remains inoperative, and that 4.6 MW of heat is solely devoted to boiling off 
1,320 tonnes of water, then this water will be entirely evaporated over a 
period of 180 hours (7.5 days). In practice, a slightly longer period will be 
required, accounting for heat losses.  

Thus, a severe reactor accident with containment failure or bypass would lead 
to uncovering of spent fuel in the Harris pools, after a time delay of perhaps 
10 days. Heroic efforts would be needed to restore cooling or to replace 
evaporated water. If these efforts involved addition of water to the pools after 
the fuel had been uncovered, they would run the risk of exacerbating the 
accident by inhibiting convective circulation of air in the pools (see Appendix 
D).  

6. A sabotagelterrorlsm event Involving siphoning 

Appendix B discusses the potential for acts of malice at nuclear plants. A 
potential act of this kind at Harris would involve a group taking control of 
the fuel handling building, shutting down the pool cooling systems, and 
siphoning water from the pools. The consequent uncovering of fuel could 
initiate an exothermic reaction in-recently discharged fuel within a few hours 
(see Appendix D). Once such a reaction was initiated, access to the fuel 
handling building would be precluded. Over the subsequent hours, 
exothermic reactions would be initiated in older fuel.  

9 B Flowers et at, Royal Commission on Environmental Pollution. Sixth Report. Cmnd. 6618 Her 
Majy's Stationery Office, London, September 1976, page 23.  
10 License anmendment application, Enclosure 7, page 5-8.
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Estimated whole-body dose after a severe PWR accident
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Potential for exothermic reactions In the Harris pools 

L Introduction 

If water is totally or partially lost from one or more of the Harris fuel pools, 
the potential exists for an exothermic reaction between the fuel cladding and 
air or steam. The cladding is a zirconium alloy that begins to reaict v!gorously 
with air or steam when its temperature reaches 900-1,000 degrees C. Partial or 
total loss of water could cause the cladding to reach this temperature,'because 
water is no longer available to remove decay heat from the fuel. If the 
dadding temperature reaches 900-1,000 degrees C and air or steam remain 
available, a runaway reaction can occur. Heat from the exothermic reaction 
can increase cladding temperature, which will in turn Increase the reaction 
rate, resulting in a runaway reaction.  

The steam-zirconium reaction will be familiar to many observers of the 1979 
TM[ accident. During that accident a steam-zirconium reaction contributed to 
the partial melting of the reactor core, and generated hydrogen gas.  
Accumulation of this gas In the upper part of the reactor pressure vessel was a 
cause of concern during the accident. Hydrogen entered the containment and 
exploded about 10 hours Into the accident, yielding a pressure spike of 28 
psig.i 

The potential for a partial or total loss of water from the Harris pools is 
addressed in Appendix C. Here, the consequent potential for exothermic 
reactions is considered. Also, this appendix considers the potential for 
exothermic reactions to release radioactive material - especially the 
radioisotope cesium-137 - from spent fuel to the atmosphere outside the 
Harris plant.  

1G Thompson, R&gulatory Response to the Potential for Reactor Accidents- The Example of 

Boiling-Water Reactors Institute for Resource and Security Studies, Cambridge, MA, February 
1991.
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(a) upward convection of air (for total loss of water) or steam (for 
partial loss of water); 
(b) upward or downward conduction along the fuel rods and rack 
structure; 
(c) upward or downward thermal radiation along the narrow passages 
between fuel rods, and between assemblies and rack walls; 
(d) upward. thermal radiation from the top of the racks to the interior 
of the fuel handling building; 
(e) downward thermal radiation from the bottom of the racks to the 
base of the pool or to residual water(if present); and 
(f) lateral conduction and thermal radiation across the racks to the pool 
wall.  

For a fuel assembly separated from the pool wall by more than a few spaces, 
pathway (f) will be ineffective.. Thus, only pathways (a) thiough (e) need to be 
considered. In the event of total loss of water, the effectiveness of pathway (a) 
will depend upon the extent of ventilation in the fuel handling building.  

3. A scoping approach to heat transfer 

To assess the effectiveness of the above-mentioned heat transfer pathways, it 
is appropriate to begin with a scoping analysis. Detailed calculations, 
especially if they involve computer modelling, must be guided by physical 
insight. Scoping calculations can help to provide that insight.  

Decay heat output 

The first parameter to be considered - designated here as Q -is the decay heat 
in a spent fuel assembly. The unit of Q is kW per metric ton of heavy metal 
(MTHM) in the assembly. For PWR fuel, Q is about 10 kW/MTHM for fuel 
aged 1 year from discharge, and about I kW/MTHM for fuel aged 10 years.2 

Upper bound of temperature rise 

Now consider a fuel pellet which is in complete thermal isolation. Due to 
decay heat, this pellet will experience a temperature rise of 11Q degrees C per 
hour.3 Thus, if Q=10, the temperature rise will be 110 degrees C per hour 
(2,640 degrees C per day). A temperature rise of 11Q degrees C per hour is the 

2 For fuel bumnups typical of current practice, Q will actually be 10-20 percent higher than the 
values shown here.  
3 Assuming that a uranium dioxide pellet has a spedfic heat of 300 J/K per kg of pellet (340 J/IK 
per kg of HM).
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Cooling by thermal radiation 

If residual water is present, there remains only one potentially effective 
mechanism of heat transfer from the mid-length of a fuel assembly - thermal 
radiation along the axis of the assembly. Note that a Harris PWR assembly 
has an active length of 12 feet, a cross-section 8.4 Inches square, and contains 
264 fuel rods plus other longitudinal structures. In the Harris fuel pools, the 
assembly will be surrounded by continuous sheets of neutron-absorbing 
material (Boral), and the center-center distance in pool C will be 9.0 inches. In 
this configuration, axial heat transfer by thermal radiation will be strongly 
Inhibited. However, calculations more detailed than those above are required 
to estimate the amount of heat that can-be transferred by this pathway.  

Note that downward heat transfer by radiation will increase the generation of 
steam from residuil water, thus improving the effectiveness of convective 
cooling by steam. A detailed analysis should consider such effects through 
coupled calculations.  

Summary 

The preceding scoping calculations show that conduction and convective 
cooling by steam will be relatively ineffective. These cooling mechanisms 
cannot prevent fuel cladding from reaching a temperature of at least 1,000 
degrees C - the initiation point for a runaway exothermic reaction - even for 

fuel aged in excess of 10 years. An estimate of the effectiveness of "xial 
radiation cooling - the only remaining cooling mechanism If residual water 
is present - would require more detailed calculations. However, this author 
does not expect that such calculations would show axial radiation cooling to 
be more effective than conduction or convective cooling by steam.  

If residual water is not present, a fuel assembly can be cooled by convective 
circulation of air. Estimation of the effectiveness of this mechanism requires 
an analysis of convective circulation through the pool and the fuel handling 
building, reflecting practical factors such as constrictions at the base of fuel 
racks.  

4. Specifications for an adequate, practical analysis 

There has been no site-specific analysis of the potential for exothermic 
reactions in the Harris pools. Generic analyses have been performed for and 
by the US Nuclear Regulatory Commission (NRC). Before addressing the 
findings and adequacy of the NRC's generic analyses, let us consider the
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rupture. Experiments will probably be required to support and validate the 

modelling.  

Site-specific factors 

The analysis can be strongly influenced by site-specific factors. For convective 
cooling by air, these factors include the detailed configuration of the racks, the 
pools and the fuel handling building. All relevant factors should be.  
accounted for. This could be done through site-specific modelling.  
Alternatively, generic modelling could be performed across the envelope of 
site-specific parameters, with sensitivity analyses to show the effects of 
varying those parameters.  

Propagation of exothermic reactions to adjacent assemblies 

After an exothermic reaction has been initiated in a group of fuel assemblies, 
this reaction might propagate to adjacent assemblies. Due to their lower Q or 
to other factors, the adjacent assemblies might not otherwise suffer an 
exothermic reaction. An analysis of propagation should consider the 
potential for reactions involving not only the fuel cladding but also material 
(e.g., Boral) in the fuel racks. The analysis should examine the implications 
of clad. and pellet relocation after a reacting assembly has lost its structural 
integrity. Those implications include the heating of adjacent assemblies and 
racks by direct contact, thermal radiation, convection, and the Inhibition of air 
circulation. A bed of relocated material at the base of the pool could have all 
these effects.  

5. The 1979 Sandia study 

An initial analysis of the potential for exothermic reactions was made for the 
NRC by Sandia Laboratories in 1979.8 Tliis was a respectable analysis as a first 
attempt. It considered partial drainage of a pool, although it used a crude heat 
transfer model to study that problem, and neglected to consider the steam
zirconium reaction. It did not address the potential for propagation of 
exothermic reactions to adjacent assemblies. The Sandia authors were careful 
to state their assumptions and to specify the technical basis for their computer 
modelling.  

Figure D-3 illustrates the findings of the Sandia study. The three lower 
curves in Figure D-3 show the sensitivity of convective air cooling to the 
diameter of the hole in the base of the fuel racks. The next higher curve - the 

8 A S Benjamin et al, Svent Fuel Heatup Following Loss of Water During Storage. NUREG /CR
MI March 1979.
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Propagation of exothermic reactions 

Pursuant to a Freedom of Information request, the NRC released in 1984 a so
called draft report by MIT and Sandia authors on the propagation of an air
zirconium reaction in a fuel pooUl2 This document has been repeatedly cited 
in subsequent years, although it should properly be regarded as notes toward a 
draft report. Those notes were submitted to the NRC after the project ran out 
of funds; It was never completed.  

The MIT-Sandia group concluded from computer modelling and experiments 
that an air-zirconium reaction in fuel assemblies could propagate to adjacent, 
lower-Q assemblies. They expressed the View that propagation would be 
quenched in regions of a pool where, fuel is aged 3 years or more, but noted 
the presence of "large uncertainties" in their analysis.  

BNL analysts subsequently reviewed these experiments and conducted their 
own modelling using the same code (SFUEL). In their modelling the BNL 
analysts chose to terminate the air-zirconium reaction when the cladding 
reached its melting point.13 Neither the MIT-Sandia group nor the BNL 
group examined the Implications of clad and pellet relocation after a reacting 
assembly has lost its structural integrity. The author is not aware of other 
analyses which address this problem. Thus, the specifications set forth in 
Section 4 for analysis of propagation have not been met.  

7. The potential for an atmospheric release of radioactive material 

Spent fuel at Harris which suffers an exothermic reaction will release 
radioactive material to the fuel handling building. That building is not 
designed as a containment structure, and is not likely to be effective in this 
role, given the occurrence of exothermic reactions in one or more pools. A 
BNL study has concluded that a-reasonable, generic estimate of the release 
fraction of cesium isotopes, from affected fuel to the atmosphere outside the 
plant, is 100 percent.14 This release fraction is used in Appendix E.  

The amount of fuel that will suffer an exothermic reaction, given a loss of 
water from the Harris pools, will depend upon the particular scenario. For 
scenarios which involve partial uncovering of fuel, the reaction could affect 
fuel aged 10 or more years. For scenarios which involve total loss 'of water, 

12 N A Pisano et al, The Potential for Propagation of a Self-Sustaining Zirconium Oxidation 
Followtng Loss of Water In a Spent Fuel Storage Pool Draft Report, January 1984.  
13 V L Saflor et al.  
14 Ibid.
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Source: License amendment application 

Figure D-1

Typical rack used in the Harris pools
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Estimated heatup of PWR spent fuel after water loss



RISKS AND ALTERNATIVE OPTIONS 
ASSOCIATED WITH SPENT FUEL STORAGE AT THE 

SHEARON HARRIS NUCLEAR POWER PLANT 

Appendix E 

Consequences of a large release of cesium-137 from Harris 

1. Introduction 

This appendix outlines some of the potential consequences of postulated large 
releases of cesium-137 from the Harris plant to the atmosphere. Such 
consequences can be estimated by site-specific computer models. A simpler 
approach is used here, but this approach is adequate to show the nature and 
scale of expected consequences.  

2. Characteristics of postulated releases 

Two spent fuel release scenarios are postulated here. The first scenario 
involves a release of 2.3 x 107 Curies (870,000 TBq) of cesium-137, with a mass 
of 260 kilograms.1 This represents the cesium-137 inventory in Harris' stock 
of spent fuel aged 3 years or less, as estimated in Appendix A. The second 
scenario involves a release of 7.1 x 107 Curies (2,600,000 -TBq) of cesium-137, 
with a mass of 790 kilograms. This represents the cesium-137 inventory in 
Harris' stock of spent fuel aged 9 years or less. Note that all of the cesium-137 
in the affected fuel is assumed to reach the atmosphere, an assumption which 
is explained in Appendix D.  

Releases of the postulated magnitude could occur as a result of exothermic 
reactions in the Harris fuel pools. Appendix D discusses the potential for 
such reactions. Cesium-137 would not be the only radioisotope released to 
the atmosphere if exothermic reactions occurred in the pools. However, 
cesium-137 is likely to be the dominant cause of offsite radiological exposure,

11 Curie is equivalent to 3.7 x 10.2 TBq. 1 TBq of cesium-137 is equivalent to 0.3 grams.
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providing an internal radiation dose to a person living in the contaminated 
area. Absent any countermeasures, the internal dose could be of a similar 
magnitude to the external dose.  

Figure E-1 shows the relationship between contaminated land area and the 
size of an atmospheric release of cesium-137. This figure is adapted from a 
1979 study by Jan Beyea, then of Princeton University.5 The threshold of 
contamination is an external dose of 10 rem over 30 years, assuming a 
shielding factor of 0.25 and accounting for weathering of cesium. The "typical 
meteorology" case in Figure E-1 assumes a wind speed of 5 m/sec, 
atmospheric stability in class D, a 0.01 m/sec deposition velocity, a 1,000 m 
mixing layer and an initial plume rise of 300 m (although the results are not 
sensitive to plume rise). A Gaussian, straight-line plume model was used, 
providing an estimate of contaminated land area that will approximate the 
area contaminated during a range of actual meteorological conditions. The 
lower and upper limits of land contamination in Figure E-1 represent a range 
of potential meteorological conditions.  

The threshold for land contamination 

An external exposure of 10 rem over 30 years would represent about a three
fold increase above the typical level of background radiation (which is about 
0.1 rem/year). In its 1975 Reactor Safety Study, the NRC used a threshold of 
10 rem over 30 years as an exposure level above which populations were 
assumed to be relocated from rural areas. The same study used a threshold of 
25 rem over 30 years as a criterion for relocating people from urban areas, to 
reflect the assumed greater expense of relocating urban inhabitants.  

In an actual case of land contamination in the United States, the steps taken 
to relocate populations and pursue other countermeasures (decontamination 
of surfaces, interdiction of food supplies, etc.) would reflect a variety of 
political, economic, cultural, legal and scientific influences. It is safe to say.  
that few citizens would calmly accept a level of radiation exposure which 
substantially exceeds background levels.  

Land contamination from potential Harris releases 

Three p6tential Harris releases of cesium-137 are shown in Figure E-1.  
Releases of 70 million Curies and 20 million Curies correspond to liberation 

5 j Beyea, Me Effects of Releases to the Atmosphere of Radioactivity from Hypothetical 
Larg&-Scale Accidents at the Proposed Gorleben Waste Treatment Facility", ýn Chapter 3 of 
Report of the Gorleben International Review presented (in German) to the Government of 
Lower Saxony, March 1979.
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Note that a release during a reactor accident (e.g., release category RC-5 at 
Harris) will contain short-lived radioisotopes as well as cesium-137. Under 
certain conditions of meteorology and emergency response, the presence of 
these short-lived radioisotopes in the release could cause many early health 
effects. Spent fuel contains comparatively small amounts of short-lived 
radioisotopes. Thus, early health effects are comparatively unlikely if a.  
release occurs from a spent fuel pool.  

Table E-1 shows an estimate of the excess cancer mortality attributable to 
continuous exposure to a relatively low radiation dose rate. This estimate 
was made by the BEIR V committee of the National Research Coundl.8 In 
Table E-1, a continuous exposure of I mSv/year (0.1 rem/year) is assumed to 
occur throughout life.9 Such an exposure is estimated to increase the number 
of fatal cancers, above the normally expected leveli by 2.5 percent for males 
and 3.4 percent for females, with an average of 16-18 years of life lost per 
excess death. If the dose-response function were linear, it would follow that 
contiriuous, lifetime exposure to 10 mSv/year (1 rem/year) would increase 
the number of fatal cancers by 25 percent for males and 34 percent for females.  
The shape of the dose-response function is a subject of ongoing debate.  

If people continued to occupy urban areas contaminated with cesium-137 to 
an external exposure level just below 25 rem over 30 years, as was assumed in 
the Reactor Safety Study, their average exposure during this 30-year period 
would be 8 mSv/year (0.8 rem/year). An additional, internal exposure would 
arise from contamination of food and water. After 30 years, rates of external 
and internal exposure would decline, consistent with the decay of cesium-137.  
Note that over a period of 300 years (10 half-lives), the activity of cesium-137 
will decay to one-thousandth of its initial level.  

5. Economic consequences of a release of radioactivity 

Computer models have been developed for estimating the economic 
consequences of large'atmospheric releases of radioactive materials. Findings 
from such models have been used by the NRC to evaluate the cost-benefit 
ratio of introducing measures to reduce the probabilities or consequences of 
spent fuel pool accidents. 10 A review of these models, findings and cost

8 National Research Council, Health Effects of Exposure to Low Levels of Ionizing Radiation: 
BEIR V. National Academy Press, Washington, DC, 1990. Table E-1 is adapted from Table 4-2 
of the BEIR V report.  
9 The exposure of I mSv/year is additional to background radiation, whose effects are 
accounted for in the normal expectation of cancer mortality.  
10 See, for example: E D Throm, Reeelatory Analysis for the Resolution of Generic Issue 82.  
"Beyond Design Basis Accidents in Spent Fuel Pools. NUREG-1353. April 1989; and J HJo et al,
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Figure E-l

Contaminated land area as a function of cesium-137 release
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