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FOREWORD
Structure and Goals of the Conference
The overall goal of advanced nuclear reactor development is to provide technological
options which will be boadly acceptable to the different interested communities - electric
utilities, environmental protection interests and electricity consumers. These constituencies
will differ greatly in their priorities and understandings of what is feasible. However they
all will collectively determine the definition of what constitutes an acceptable technology.
The purpose of the Conference reported here was to aid the process reaching a greater
consensus concerning acceptable technologies. The Conference was structured to permit all of
those involved to gain a common understanding of the performance attributes which can
reasonably be expected from the next generation of nuclear power plants, and to assist the
process of communication among the various interest groups - ranging from reactor manufacturers
and electric utilities to groups which have been strongly critical of nuclear power.
The Conference was organized by the MIT Program in Advanced Nuclear Power Studies.
The Conference Chairman was Prof. Michael W. olay, Director of the Program. In order to
permit efficient communication, the Conference was kept small with all participants being
invited. The participants were selected for their deep knowledge of the topics of the
Conference, and their prior contributions to the debate of important nuclear power issues. The
list of Conference attendees is enclosed in Appendix A. However, in order t Teach a larger
audience having interests in the future of nuclear power, the Conference Proceedings have been
prepared.
This Conference is the first of an indefinite series of Conferences to be sponsored by the
Program. The purpose of having a series of Conferences is to permit them to serve as a vehicle
for sustained discussion among the communities which will determine whether future nuclear
power plants are acceptable as national strategic options. The hope in organizing these
Conferences is to improve the technologies which will eventually emerge, as a consequence of
early effective communication among those concerned with the results. In order to do this,
however, it is necessary for the people involved in such communication to have opportunities
for sustained exposure to the ideas of others whom they would not otherwise have met. To do
this it is necessary that these various communities interact repeatedly. The Conference series
is intended to assist in that process.
The Conference agenda is presented in Table 1. The Conference consisted of six focused
topical sessions and two panel discussions. In each topical session keynote and respondent
papers were used to introduce two differing understandings of the topic of interest. These
papers were used to initiate a discussion among the participants of the topic. These Proceedings
present the session papers and synopses of the following discussions.
In order to help focus the discussions periodically throughout the Conference, a Rapporteur
was asked to summarize the important themes and questions of the Conference to that point.
Prof. Neil E. Todreas of the MIT Nuclear Engineering Department served as the Rapporteur.
Prof. Todreas has been involved throughout his career in various aspects of nucleaTpower,
having contributed sustained leadership in education, research and counsel to many
organizations.
To permit an uninhibited discussion, all participants except for authors or panelists in a
particular discussion are only identify in general terms in the report of the session discussions.

TABLE I
AGENDA
FIRST MIT INTERNATIONAL CONFERENCE ON THE
NEXT GENERATION OF NUCLEAR POWER TECHNOLOGY
4 October 12D
8:00arn

Registration

8:45arn

Introductory Remarks: Professor Michael W. Golay, Conference Chairman

9:00arn
Session I
Advanced Nuclear Power Options: The Driving Forces and Their Results
Author: Michael Golay (MIT) Respondent: Steven Sholly (MHB Technical Associates)
Rationales and direction for current worldwide programs for advanced reactor development
(emphases upon public acceptance and economics, changes needed if reactors more relevant
to global warming are desired).
10:30am

COFFEE BREAK

10:50arn
Ses5io 2
Modularization as an Avenue to Economic Competitiveness
Author: James Cottrell (Avondale Industries) Respondent: Patrick Keene (Litton Industries)
Factory fabrication, modularization, barge-access to sites, multi-modular and automatic
control, design for infrequent and easy maintenance, financing and market-sustenance of
factory-based power plant fabrication.
12:30pm

LUNCH

1:30prn

Session 3

Nuclear Power Public and Utility Acceptance Issues in the United States
Authors from:
Jan Beyea (National Audubon Society)
Andrew Kadak (Yankee Atomic Power Company)
Bertram Wolfe (General Electric Company)
William Young (U.S. Department of Energy)
3:00pm

COFFEE BEAK

3:20prn
Session 4
Nuclear Power Public and Utility Acceptance in Some Other Countries
Authors from:
Anselm Schaefer (Gesellsehaft ftir Reaktorsicherheit, Federal Republic of Germany)
Junnosuke Kishida (The Japan Research Institute, Ltd., Japan)
Chang Saeng Rim (Korea Atomic Energy Research Institute, Korea)
Giampiero Santarossa (ENEA-Commission forNuclear and Aternative Energy SourcesItaly)
5:00pM

ADJOURN

6:3 Op m

Cocktails, Dinner and Spech
Forrest Remick (Commissioner, U.S. Nuclear Regulatory Commission)
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Table I (continued)
5 October 1990
9:00am

Session

Audiences, Rationales and Quantitative Measures for Demonstrations of Nuclear Safety and
Licensing by Tests
Author: Lawrence Lidsky Mll)/Respondent: John Taylor Electric Power Research Institute)
Proposals for safety demonstrations addressed variously to the public, experts and the
NRC; rationales for such tests, means of quantifying system perfon-nance, treatments of
experimental uncertainty, definition of the limits of generality of conclusions justified by
tests.
10:30am

COFFEE BREAK

10:50am

Session 6

Public Preferences and Risk Perceptions
Author: Paul Slovic (University of Oregon and Decision Research
Respondent: Victor Mc Elheny (MIT, Knight Journalism Fellows Program)
Public risk perceptions, fctors ffecting such perceptions and the communication of
relevant nfon-nation.
12:30pm

LUNCH

1:30pm

Session 7

Nuclear Waste Disposal: Can There be a Resolution
Author: John Ahearne (Sigma Xi) Respondent: Thomas Cotton QK Research Associates)
Technical and public acceptance problems and uncertainties in HLW storage and disposal.
3:00pm

COFFEE BREAK

3:20pm

Session

Use of Fast-Spectrum Reactors for fLW Burniflg
Author: Yoon Chang (Argonne National Laboratory)
Respondent: Thomas Pigford (University of California, Berkeley)
Opportunities, open questions, obstacles and iplications of using LMRs for burning
HLW from various reactors.
5: 00p m

Meeting Summary and Adjournment

The main results of the Conference include the following:
• No single reactor concept emerges as being so superior that it alone should be the object
of future development resources;
• Regardless of the reactor concept, significant future performance improvements can be
expected providing that care is taken in engineering and operations;
• Persistent social opposition to nuclear power appears to be based substantially upon
distrust of the organizations using the technology; consequently, efforts seeking public
acceptance through education campaigns (based upon the belief that "If you knew what
I know you would think as I think") may continue to be ineffective;
• Successful terrestrial disposal of high level nuclear wastes appears feasible, if pursued
carefully; however, sectors of the public affected by such a project must be provided
much greater benefits and involvement than has been typical in the past;
• Consumption in fast-spectrum reactors of HLW actinides from all nuclear power plants
may be feasible, but involves serious technological problems and Will equire more than
a decade to provide significant benefits.
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SESSION ONE

ADVANCED NUCLEAR POWER OPTIONS:
THE DRIVING FORCES AND THEIR RESULTS

ADVANCED NUCLEAR POWER OPTIONS:
THE DRIVING FORCES AND THEIR RESULT'S
Michael W. Golay
Massachusetts Institute of Technology

DRIVING FORCES SHAPING ADVANCED REACTOR DESIGNS:
NEAR-TERM AND LONG-TERM PROSPECTS
Steven C. Sholly
MHB Technical Associates

INTRODUCTION
Session I - Advanced Nuclear Power Optio ns: The Driving Forces and Their
Results
The overall focus of the Conference is the next generation of nuclear power technology.
Thus, it is logical to begin the Conference with a session concerned with the forms which the
technology might take and the various rationales guiding their development.
The purpose of this session is to provide an examination of the range of future technologies
at the start of the Cnference. This was done so that all of the participants would have a good
understanding of the spectrum of views which would be expressed as the Conference progressed.
Included among the tpics examined in this session are:
• The range of technologies being developed
• Tedesignapproachesbeingpursued
• The particular sets of problem priorities guiding different development teams
• The differing emphases upon various performance goals guiding different technology
developments.
The keynote paper, by Prof. Michael W. Golay - the Conference Chairman, emphasizes
that technology development is guided by primary emphasis upon either safety or economics,
with a need to meet demanding performance standards in both categories of performance.
Worldwide examples of how these two themes are reflected in different projects are provided.
The respondent paper, by Mr. Steven Sholly of MHB Technical Associates, emphasizes
the need for future nuclear power plants to be much safer, and obviously so. This requirement is
said to arise from the past poor safety record of nuclear power plants and resulting fear of them
among the general public.
The ensuing discussion reflected a broad range of views of the benefits and weaknesses of
nuclear power technology and of how it should be improved. Some agreement was evident
concerning the points that:
• During the hiatus in the United States of orders for new nuclear power plants, the need
for large new power plants of any type has been small, and consequently, the costs have
been very small to an individual opposing a new nuclear power plant
• It is not perceived by the public that nuclear power technology provides unique benefits
which would compensate an individual for tolerating the proclaimed burden of the
technology
• Until these two conditions change, the prospects that new nuclear power plants will be
ordered are likely to remain poor.
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ADVANCED NUCLEAR POWER OPTIONS:
THE DRIVING FORCES AND THEIR RESULTS
Michael W. Golay

ABSTRACT
Successful nuclear power plant concepts must simultaneously demonstrate satisfactory
performance in terms of both safety and economics. In order to be attractive to both electric
utility companies and the public, such plants must produce economical electric energy consistent
with a level of safety which is acceptable to both the public and the plant owner. Programs for
reactor development worldwide can be classified according to whether the reactor concept
pursues improved safety or improved economic performance as the primary objective. When
improved safety is the primary goal, safety enters the solution of the design problem as a
constraint which restricts the set of allowed solutions. Conversely, when improved economic
performance is the primary goal it is allowed to be pursued only to an extent which is
compatible with stringent safety requirements.
The three major reactor coolants under consideration for fture
advanced reactor use are
water, helium and sodium. Reactor development programs focused upon safety and upon
economics using each coolant are being pursued worldwide. These programs are SUnu-naTized in
Table LL It is seen that the safetv-oriented concepts are typically of lower capacity by
approximately an order of magnitude, than the economics-oriented concepts. This is the result,
in the former concept, of using less efficient, but more reliable, means of accomplishing essential
safety functions.
DIRECTIONS IN ADVANCED REACTOR TECHNOLOGY
The purpose of this paper is to examine the directions being pursued in nuclear reactor
technology development worldwide. Current reactor development programs are categorized
according to whether they are primarily concerned with enhanced economic performance or
improved safety, while recognizing that both factors must be addressed satisfactorily in any
concept.
Different societies disagree concerning acceptable levels of safety and the correct emphasis of
good economic performance. There are three major categories of countries in terms of nuclear
power development. The major (but not exclusive) emphasis of development in each category is
as follows:
• Improved safety (Federal Republic of Germany, Sweden, United Kingdom, United
States)
• Improved economic performance (Federal Republic of Germany, Canada, France, Japan,
United Kingdom, United States)
• Attempting to emphasize both safety and economics (the United States).
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Table 1.1
WORLDWIDE PROGRAM OF
NUCLEAR POWER TECHNOLOGY DEVELOPMENT
PROGRAM EMPHASIZING PASSIVE SAFETY
Federal RcpuJ21ic of Germany
10OMWe Modular HTGR (Siemens, Brown Boveri)
United Kingdom and United States
a 30OMWe Modular PWR (SIR Concept) (Rolls Royce & ABB-Combustion Engineering)
United States
• 13OMWe Modular HTGR (General Atomic)
• 13OMWe Modular LMR (PRISM Concept, General Electric)
• 75OMWe PIUS-BW`R (Oak Ridge National Laboratory)
• 60OMWe W`Rs (Semi-Passive Safety)
ASBWR (BWR, General Electric)
AP-600 (PWR, Westinghouse)
Sweden
0 50OMWe PIUS-PWR (ASEA-Brown Boveri)
PROGRAMS EMPHASIZING ECONOMIC PERFORMANCE
EuE=
• Joint European Fast Reactor (France, Germany, United Kingdom)
• European 140OMWe PWR (Nuclear Power International: France, Germany
Canada
• 45OMWe HWR (CANDU 3 (AECL)
• 90OMWe HWR (AECL & Ontario Hydro)
France
• 140OMWe PWR (N4 Project, Frarnatorne, Electricit6 de France)
• 1200-1450MWe LMR (Superphenix-1 Project, Novatorne, Electricitd de France)
Federal Republic of Germany
• 50OMWe HTGR (Successor to 30OMWe THTR Project)
• 30OMWe LMR (SNR 300 LMFBR. Project)
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Table 1.1 (continued)
JVan
• 135OMWe LWRs
ABWR (Tokyo Electric Power, General Electric, Toshiba, Hitachi)
APWR (Kansai Electric, Mitsubishi, Westinghouse)
•

714MWt LMR (Monju LMFBR Project)

•

Successor to 148MWe UGEN LWR/HWR Project

United Kingdom
0

1000-140OMWe PWR (Sizewell-B, Hinkley Point-C Projects)

United States
•

LWR Requirements Document Project Electric Power Research Institute)

•

125OMWe ABWR (General Electric)

•

125OMWe APWR (Westinghouse)

•

System 80+ (ABB-Combustion Engineering)

Soviet Union
•

Emphasis upon Passive Safety
Chemobyl-Type RBMK Reactor Series Discontinued)

•

Emphasis upon Econon-dc Performance
95OMWe PWR
125OMWe LMR (LMFBR Type)

ABBREVIATIONS
BWR:
CANDU:
HTGR:
HWR:
LMFBR:
LMR:
LWR:
Plus:

PRISM:
PWR:
SIR:

Boiling Water Reactor
Canadian Deuterium Uanium, Heavy Water Reactor
High Temperature Gas-Cooled Reactor
Heavy Water Reactor
Liquid Metal-Cooled Fast Breeder Reactor (version of LMR)
Liquid Metal-Cooled Reactor
Light Water Reac.or
Process Inherent Ultimately Safe (version of LWR)
Power Reactor Inherent Safe Modular (version of LMR)
Pressurized Water Reactor
Safe Integral Reactor (version of LWR)
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Depending upon national priorities and values the emphases of reactor development
programs ay differ greatly from one country to another. In most cases the priorities of these
programs do not reflect specific concenis with alleviation of environmental problems such as
those of global warn-dng. Rather, they are focused upon nearer-term issues of public acceptance
(in the case of passive safety) and economic benefits. The three major reactor types differ
according to the fluids used for heat removal. The categories are light water eactors (LWRs,
cooled by water), gas-cooled reactors CRs, cooled by helium) ad liquid metal-cooled reactors
(LMRs, cooled by sodium). Heavy water-cooled reactors are also produced in Canada and have
been sold elsewhere.
Passive SaLety
Protection of the public, or attainment of nuclear safety, requires retention from the
biosphere of the radioactive material which is created within the reactor fuel during the
fission process. The successive primary means of doing this are the following:
• Maintain the integrity of the reactor fuel
• Capture escaped radioactive materials within the reactor coolant system
• Capture escaped radioactive materials within a containment or confinement building.
The main threat to reactor fuel integrity arises from overheating, when the heat of
radioactive decay within the fuel is not removed adequately. In a nuclear power plant, passive
safety features are those which perform a safety function (e.g., reactor cooling) only using
sources of motive force found in nature (e.g., gravity, radiative heat transfer). The interest in
passive safety features is that they promise to be much more reliable than those using active
components--man-made sources of motive power (e.g., pumps).
Use of passive safety features offers the greatest potential for reaching the greatest levels
of safety attainable with a reactor concept. However, this is usually possible only at the
expense of economic performance. This is because passive safety features typically are more
reliable, but less effective than those using active components in accomplishing a particular
function (e.g., flow of a coolant involving natural convection is typically slower and less
controllable than pump-driven flow). Often the only way to accommodate such reduced
effectiveness is to reduce the power of the reactor. Doing this increases both the capital and
operating expense portions of the costs of electric energy.
An important aspect of passive reactor cooling is use of lower power levels than is typical
in the economic-performance oriented concepts. This imposes capital cost disadvantages upon
the passively safe concepts which must be overcome if they are to be employed. For example, to
save money some of the proposed reactor concepts using passive safety features would be built
without a containment building (e.g., the PIUS and MHTGR). The justification provided is
that a containment would be unnecessary since the probability of fuel-damage should be very
low. This argument will be examined very carefully in light of the experience of the Three
Mile Island and Chernobyl reactor accidents. Both reactors sustained substantial core damage,
but the former-which had a contaimnent--caused no public injuries, while the latter--which
had no containment--caused many injuries.
The United States is pursuing different major nuclear power development programs focused
alternatively upon safety and economics. These parallel emphases reflect the divisions of
opinion in United States society regarding the value, and required level of safety of nuclear
power. The Federal Republic of Germany also has a dual emphasis in its programs. Sweden
has an exclusive emphasis upon passive safety as the theme of its future nuclear power
program. It has also adopted a phased moratorium upon future use of nuclear. Other countries
having adopted nuclear power moratoria are Italy and Switzerland. Italian organizations are
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actively involved in the reactor development programs of Sweden and the United States
emphasizing use of passive safety features. Swiss organizations have no such involvement.
The United States has had an effective moratorium on new plants since 1974.
Concerns among the public over the level of safety achieved with the current generation of
nuclear power stations have motivated reactor designers to improve their new concepts greatly.
Concepts using passive safety features exclusively (termed passively safe reactors) involving
all three major classes of reactors have been invented and are being developed. A passively
safe concept provides the reactor cooling function without the intervention of an "active"
system (e.g., a human action or an action by a device such as a pump or valve which must change
its state).
LWRs using passive safety features exclusively: The PIUS (Process Inherent Ultimately
Safe) concept is a LWR which keeps the reactor immersed in water under a boad range of
possible accident situations. It does this by immersing the reactor and its coolant system in a
large pressurized tank. The dense water in the tank contains a neutron-absorbing salt and is in
contact with the less dense reactor coolant at two stratified fluid interfaces. If the flow of
coolant should become disturbed, water from the tank will be introduced into the reactor,
thereby shutting it down and providing sustained cooling. It promises automatic stability
without human intervention for about a week.
Modular HTGRs using assive -afety features exclusively: The modular high temperature
gas-cooled reactor (MHTGR) concepts emphasize maintenance of fuel integrity by using fuel
which is unusually robust at high temperatures. By limiting the power of the reactor the fuel
can be expected to remain intact even when the available means of cooling are highly
impaired. This is done utilizing natural convection of atmospheric air about the reactor vessel,
or - failing that - radiative heat transfer from the reactor to its surroundings. The reactor is
typically able to produce 15OMWe.
Modular LMRs using passive safety features exclusive U: Versions of LMRs using passive
safety features exclusively rely less upon thermal toughness of the fuel than upon providing
highly-reliable natural convection of the reactor coolant to a heat sink in order to cool the fuel.
They also utilize natural convection of air around the reactor vessel and thermal radiation
from the reactor vessel to the surroundings to cool the core. The reactor is typically able to
produce 15OMWe.

Semi-Passive Safetv
In a variation upon the theme of passive safety two LWR concepts utilizing a blend of
passive and active safety features are being pursued in the United States. These concepts could
be termed semi-passively safe. A sen-d-passive system involves a small number of "active"
components, but in a way which will be very reliable (e.g., by requiring very small energetic
stimuli in order to activate the system). A BWR (the SBWR) and a PWR (the AP-600 of
60OMWe each are designed to provide assured core cooling, but using typically one valve
realignment in order to do so. By eoing this, some of the economic penalties of the purely
passive designs are avoided. It is expected that the marginal detrimental effects upon safety
of this design approach ae small compared to that of exclusive reliance upon passive safety
features. The semi-passively safe reactors' proponents hope that any such detriments will be
counterbalanced by significant economic improvements compared to the purely passively safe
concepts.

Economic Performance
In most countries worldwide interest remains focused upon economic performance-oriented
designs. These mainly concern WRs and LMRs.
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LWRs: With LWRs concerns for evolutionary improvements in both economics and safety
are evident. Efforts for future improvements are focused in areas of economic performance
which were considered to be of low concern when thecurrent generation of plants was designed.
Among the more important are improving plant operational availability and shortening the
plant construction duration. Important LWR evolutionary improvement programs are being
pursued in France, Germany, Japan and the United States.
LMRs: With LMRs outside the United States the universal concern remains that of
designing highly efficient breeder reactors, Which convert non-fissile U-238 into fissile Pu-239.
Many countries have such programs. In most countries this concern is driven by a lack of nuclear
fuel resources. The United States is the only country with a LMR program which is not focused
upon breeding as the primary objective. In all of the LMR countries listed in Table 1.1, the
programs have been in place for many years and are at the stage of gaining experience through
operation of small prototype reactors. The largest such eactor is the 120OMWe Superphenix in
France. Over time scales greater than a century the ability of nuclear fission to contribute to
alleviation of global warming will depend greatly upon efficient use of nuclear fuel resources.
This would require use of breeder reactors. From this perspective the primary focus of the
United States' LMR program upon passive safety is seen to be a preoccupation with near-term
issues, ainly that of public acceptance of nuclear technology.
HWRs: In Canada a design for an evolutionary CANDU of 45OMWe has recently been
offered. Otherwise the focus remains upon an evolutionary concept of about 0MWe capacity.
The Soviet Union
The Soviet Union has been the only Communist country with a eactor development
program. Until the Chernobyl accident in 1986 the Soviet Union had been focused upon
economic performance with its reactors. Since then development priorities have appeared to be
ambiguous. Development of new Chernobyl-type RBMK reactor concepts has ceased. However,
development of improved, economic performance-oriented PWR and LMR concepts continues.
During 1988, agreement was reached to build a passively-safe 10OMWe HTGR of West German
design and manufacture. This project has since been abandoned due to financial constraints, but
its initiation may indicate a major change in the orientation of the Soviet development
program.
Since the Soviet Union has been a major nuclear power station supplier to Eastern European
and third world countries such a change could have a major effect upon future versions of nuclear
power technology. However, the uncertainty which has lately characterized the Soviet Union
makes it difficult to guess what directions reactor development work might take.

CRITIQUE OF ALTERNATIVE REACTOR DEVELOPMENT STRATEGIES
Safety Performance
The functions essential for ensuring reactor safety are summarized in Table 12. It is seen
upon examination of the passively and semi-passively safe reactor concepts that they perform
the function of post-shutdown reactor cooling by means of thermal conduction, natural
convection and thermal radiation, while the economically-oriented concepts rely upon active
systems (including humans who can be highly stressed during the response to an accident). The
MHTGR concept uses a confinement structure for perforn-ting the functions of capturing but not of
containing material released from the core during severe accidents. In the PRISM version of the
LMR concept, radioactive materials can be trapped in the reactor coolant, and a containment
shell is used. The semi-passively safe LWRs use a quenching tank for capturing radioactive
materials leaving the reactor coolant system.
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Table 12
SAFETY PERFORMANCE IMPROVEMENT

ESSENTIAL SAFETY FUNCTIONS
• Stable Operation
-

-

•

•

•

Achieve High Mechanical Operational Reliability
•

Minimize number of system failure modes and interdependencies

•

Maximize component reliabilities

Achieve High Human Operational Reliabilities.
•

Provide extensive instrumentation and computer-aided information assessment to
operators

•

Automate tasks difficult for humans

•

Design for easy operations, troubleshooting

and response to unexpected events

Reliable Shutdown
-

Design for Passive Negative Reactivity Feedback in Core

-

Provide Diverse, Redundant, Passive Shutdown Systems

Reliable Reactor Cooling

-

Use Natural Convection to Pump Coolant from the Reactor to a Heat Sink

-

Conduct and Radiate Heat from the Reactor to a Heat Sink

Reliable Containment of Radioactive Materials
-

Trap Materials in Filters, Pools, Sprays and On Exposed Surfaces

-

Retain Materials-within Fuel, Reactor Coolant System and/or Containment Building

-

All LWR concepts use a containment building. The sen-d-passively safe systems use natural
convection and evaporative cooling to pevent containment over-pressurization, and the
evolutionary plants use active systems fox, this purpose. Thus, the different reactor concepts use
a variety of combinations of means for assuring protection of the public. The absence of a
containment building in the MHTGR concept is a cause fr concern in view of practical
experience and a host of LWR risk analyses which indicate the great potential value of such a
safety feature. The inability of LWR materials to sustain temperatures as great as those of the
MHTGR and LMR causes concern with that concept.
Each reactor concept has unlikely but serious potential accident modes, including those
involving human error. At this point no concept has been developed to the point that definitive
comparisons of expected safety performance can be made. It can be argued that each reactor
concept has substantial promise, but for differing reasons. The faults of the LWRs are much
better known than are those of the others. However, the experience records of reactors using
each of the major coolants is mixed, with both successes and failures being conspicuous with
each. Consequently, it is difficult to infer from past performance the expected future
performance of various reactor concepts, particularly when they are at their current states of
immaturity.
The ultimate success of a nuclear power plant depends upon a combination of the following
elements:
• The basic nuclear power plant concept, including means for reducing risks created by
mechanical failures and by human actions (notably the most serious nuclear power
plant accidents have featured important human errors);
• The detailed nuclear power plant design, based upon the plant concept (mechanical
failures in nuclear power plants ae more a consequence of faulty detailed design
decisions or fabrication errors than of faults in the basic concept, for example the
flagship of the West German HTGR program, the THTR 300 was recently shut down
permanently due to failure of the core support structures within the eactor vessel);
• The management of the plant (e.g., the history of WRs shows broad variations in the
ability of different organizations worldwide to utilize essentially similar hardware).
The passively safe reactor concepts all attempt to decrease expected public risks by
minimizing the unavailability due to mechanical failures of systems needed to perform
essential safety functions. With care in the execution of the concepts now available it is
reasonable to expect that significant improvements can be made in safety system reliability.
However, corresponding gains in reducing the unavailability of safety systems due to human
actions are less assured. The major advances made have involved eliminating human actions in
accident response. However, safety vulnerabilities due to errors in manufacturing, fabrication,
maintenance, operational mode switching and needless intervention can be very subtle and
difficult to eliminate. It is not clear that significant improvements have been made in such
areas.
Thus, the additional expected contribution to total safety system unavailability due to
human actions with all of these concepts remains unknown. Such contributions are difficult to
anticipate when concept development has not advanced to the stage where detailed system
designs and plant operational procedures can be defined. Thus, at this point it is impossible to
state that a particular concept is superior to another in terms of safety. However, it is
reasonable to expect improved safety performance for the passively safe concepts if care is
taken through the design detail and procedure creation stages of poject evolution.
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History to-date has shown that unbalanced focus upon only a portion of the problems of
designing and operating nuclear power plants is an invitation to disappointment. In the United
States public discussion of passively- and semi-passively safe reactors, through the
competition of their various proponents for public funds, has focused upon the optimistic hopes
for each concept for improved safety. However, the uncertainties of these hopes, the
difficulties to translating a concept into a successful design and the ability of even the most
perfect hardware to be ruined through thoughtless use have largely been glossed over. These
factors are reasons not for pessimism, but for caution, in public debate. Nuclear power plant
technologies deployed to-date have been seriously unforgiving of careless operations.
However, the great majority of such plants in current use have performed very well. It is
reasonable, but not assured, with any of the reactor concepts being developed currently, to
expect that we can do better in the future, by learning from past experience.
Economic Performance
Within the United States dissatisfaction with the economic performance of the current
(LWR) nuclear power plants has arisen more from the wide variation of capital costs (by a
factor of approximately three) of such plants than from their having been expensive on
average. For the economically-oriented concepts, the uncertainty and impracticability of the
economics of a project, particularly through the actions of the NRC and state public utility
commissions (PUCs), remain as deterrents to investors to becoming involved in future nuclear
power plant projects. Whether such uncertainty will obtain in the future is impossible to know.
However, the burden rests upon any reactor concept to assure that the uncertainties of future
costs will be small.
In addition to high capital costs, unexpectedly low average operational availability and
high operating and maintenance costs have also discouraged some U.S. utilities. It is notable
that the economic performance of the best United States LWRs is as good as found elsewhere.
However, the broad variation in all aspects of performance is unique to the U.S. Since the
hardware is common worldwide, this suggests that the way in which nuclear power affairs are
conducted may explain more of the United States experience than does the technology.
Notably, in most other countries which have also relied upon LWR technology the level of
satisfaction has been higher than in the United States. This fact is reflected in the vigor of
reactor development programs focused upon evolutionary concepts.
The great challenge to the passively and semi-passively safe concepts is to be
economically competitive with larger reactors and other electricity technologies. The
economies of scale favor larger power plants. The main proposal for achieving competitive
economic performance with the smal! passively safe concepts is to employ factory-fabrication
of a large portion of the power plant. he modules produced would be shipped to the station
site for integration into a complete power plant. These reactor modules would then be Operated
from a central control station. It is argued that improvements in work quality and construction
scheduling could be sufficient to make the modular passively safe concepts economically
attractive.
It is hoped by proponents of the small reactor concepts that these economies could offset
those of scale. However, no evidence is currently available to justify confidence that they will
do so. Major challenges to successful factory fabrication exist in the areas of financing such
factories and in coordinating the markets for their products so that potential economies of
serial production may actually be realized. These problems are not reasons to refrain from
developing the passively safe concepts. However, they are reasons to temper premature
optimism concerning the ultimate success of these concepts.
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PUBLIC AND UTILITY ACCEPTANCE OF FUTURE NUCLEAR POWER
TECHNOLOGIES
Historically technologies thought by the public to be dangerous have become accepted
only through establishment of a sustained record of sufficiently trouble-free operations, not
through arguments by their proponents or by authority figures that they were safe. What
constitutes a sufficiently trouble-free record of operations has usially depended upon the level
of benefits associated with the technology (e.g., the public has been willing to tolerate a
certain frequency of fatalities in order to gain the convenience of air travel). Nuclear power
has not yet established a record of trouble-free operations, or a perception of substantial public
benefit. Consequently, the quality of operations demanded for public acceptance has been very
stringent. This situation could change rapidly if public consensus were to accord nuclear power a
desirable status (eg., for alleviating global warming or as a means of weaning the country from
coal or oil (e.g., via electrical transportation)). However, in the absence of such an
appreciation it may nt happen that the public will be inclined to consider intellectual
arguments (e.g., through experimental demonstrations and validation by experts) that a new
nuclear power technology is safe. History offers no examples where such an approach at
gaining public acceptance has been successful. Thus, the expectation of many proponents of
passively safe reactors that things will be different this time may lead to disappointment.
The importance of an accident-free record of nuclear power plant operations worldwide is
obvious. It has motivated establishment of the Institute for Nuclear Power Operations (INPO)
and the World Association of Nuclear Operators MANO), and is of concern to all who are
involved in advanced reactor development. However, it is unclear whether INPO and the
NRC have the ability to obtain the needed performance from every United States utility.
Similarly, the ability of WANO and the International Atomic Energy Agency (IAEA) to be
correspondingly effective worldwide remains an open question. Limitations in each of these
organizations provide the potential for future utility performance to fail to meet the stringent
standards of the highly distrustful public. Also, future core-damage accidents worldwide are
much less likely than a decade ago, but are still not inconceivable. Such events could be very
injurious to the future deployment of advanced reactor technologies, and constitute one of the
most important perils for that enterprise.
The different advanced reactor concepts have substantial promise, but each for a differing
set of reasons. There are many problems inherent in taking an idea to the stage of practical ue.
It is prudent to recognize them all from the beginning, and to plan to solve them. There is no
reason to doubt that this can be done with the concepts being pursued currently. But there is also
no basis for thinking that current efforts are sufficient to justify confidence of success. In an
uncertain world it is difficult to know which options being pursued today are likely to remain
valuable tomorrow. For that reason diversity and vigor should characterize international
advanced reactor development programs.
In addition, in the United States the timely ability to deploy any advanced reactor is
highly uncertain because the Nuclear Regulatory Commission (NRQ is proceeding slowly with
the eview of advanced reactor concepts, and appears to be having great difficulty in creating
an intellectually consistent approach to safety regulation. This is important worldwide
because of the influence which the NRC retains upon the safety policies of many other
countries. Current NRC regulations are a patchwork of rules which was created as the safety
concerns of the current WRs became understood. The fact that the current approach to
regulation is not suitable for advanced reactors has been noted for several years. However, the
NRC has made little real progress in creating an alternative regulatory approach. As with the
existing reactors, the uncertainties injected into advanced eactor development by the
unpredictability and slowness of future NRC actions may ultimately still such development. If
this were t Our it would be a particular tragedy because a goal of the safety-oriented reactor
concepts is improved safety. It could occur that the conservatism of the NRC could greatly
inhibit safety gains which are within reach.
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PROSPECTS FOR THE FUTURE
The most heavily funded programme of reactor innovation are those of Japan and France,
both of which have resulted in actual nuclear power plant projects. In the United States the
programs on passive and semi-passive safety - addressing one MHTGR, one LMR and two LWR
concepts - are inadequately funded, being in total at about the level needed to bring a single
concept to maturity.
The countries having safety-oriented reactor development programs, Italy (as a
participant in the programs of other countries), Sweden and the United States, have all had
experiences of severe nuclear power controversy. The main country subjected to sustained nuclear
controversy which has not initiated a safety-oriented concept development program is the
Federal Republic of Germany. Interviews in Germany indicate the judgement that public
acceptance there cannot be achieved through novel technological offerings. In countries where
the nuclear power experience has been less controversial (e.g., Canada, Fance, Japan), the
reactor technology development strategy has been to continue evolutionary development of
large WRs and LMRs and CANDUs.
Prospects for fture
nuclear technology deployment in different countries are unique to each
country- Important factors affecting the acceptability of such deployment include:
•

The degree to which nuclear power is viewed as being beneficial (e.g., in economic,
strategic, environmental and safety terms),

• The degree to which nuclear power operations, locally and worldwide, have been free
of trouble,
•

The degree to which political institutions permit a determined minority to increase the
costs of nuclear power projects.

Nuclear technology innovation by itself is not listed among such factors. Rather, it affects
technological acceptability as an element which can influence the factors listed above. For
example, technologies offering increased safety are claimed to be able to garner increased
public acceptance, assist improved operations and reduce opposition to future projects.
The main danger to development of comprehensively satisfactory new technology is
incomplete thinking. Good performance in terms of safety and economics requires satisfaction of
a set of goals (e.g., high reliability) each of which contributes to overall performance.
Technology advancement often proceeds by focusing resources upon improvements in a few areas
(e.g., severe accident safety) while ignoring others (e.g., human errors). The result of such
unbalanced progress can sometimes be improvements in some high-PTiority areas (e.g., public
acceptance) with little improvement in the overall costs of electric energy or expected risks.
The challenge in advancing nuclear power technologies is to maintain progress on many fronts,
while avoiding over-emphasis upon only a few issues, such as those which have lately been in
the news.
Both the economically-oriented and safety-oriented nuclear power plant concepts are
attempting to gain sufficient acceptance from both the public and utilities that they may be
employed in the future. However, their rationales differ substantially. The goal of the
economically-oriented nuclear power plant concepts is to gain utility acceptance, while
attempting to satisfy a level of safety which would make serious reactor accidents very
infrequent. The goal of the safety-oriented nuclear power plant concepts is to gain public
acceptance essentially by means of intellectual arguments. It is worth considering that neither
strategy may be successful, as each may be too unrealistically simplistic. Rather, a more
comprehensive development strategy which recognizes that things Mst g Tight in many ways
in order for nuclear power to be successful may offer greater chances for ultimate future
acceptance.

1 - 12

XA04N2114
DRIVING FORCES SHAPING ADVANCED REACTOR DESIGNS:
NEAR - TERM AND LONG - TERM PROSPECTS

Steven C. Sholly

ABSTRACT
This paper explores the forces which have driven and which in the opinion of the author
should be driving advanced reactor development programs. Four general driving forces are
identified: cost, safety, environmental concerns, and non-proliferation concerns. It is suggested
that the pnmary driving forces should be cost and safety concerns.
It is suggested that advanced reactors need to demonstrate the following characteristics:
(a) A design which explicitly accounts for severe accidents, including severe external
events (not necessarily limited to contemporary design basis events) and which
results in a frequency of severe core damage substantially lower than in current plants.
The goal for the frequency of severe core damage should reflect a reasonable assurance
that a severe core damage accident will not occur during the operating lifetime of a
"fleet" of such plants.
(b) A design which explicitly accounts for severe accidents in terms of accident
mitigation, resulting in a very low conditional likelihood of a substantial fission
product release given a severe accident.
W A design which utilizes near-passive and passive concepts (whose safety and
reliability are demonstrable by experiment and/or full-scale test) for both accident
prevention and accident mitigation to the maximum extent feasible.
(d) A design which allows f a suitably long time between refueling outages, with a
balance struck between refueling outage duration and refueling outage frequency so as
to maximize availability and capacity factor.
(e) A design which emphasizes modular construction and exceptional quality control.
(f)

A design which deemphasizes the importance of maintenance and human reliability
more generally to assure that safety functions are performed with acceptable
reliability, and to assure that passive safety characteristics are not compromised by
design, manufacturing, or installation defects.

It is further suggested that key factors in gaining public acceptance are the arly public
availability of design information on advanced reactors and, once there has been time for an
initial review of this information, the occurrence of a period of dialogue between the designers
and parties concerned with safety issues. This will promote the early identification and
resolution of potential safety issues - most importantly, occurring at a time when tradeoffs in
design and accommodative design changes are more easily and less expensively accommodated and the sharpening of the residuum of safety issues for resolution in design certification
rulemaking (to the extent that significant issues remain). Late disclosure of significant design
details or outright secrecy, on the other hand, could breed distrust and unnecessarily and
profitlessly (for all parties) extend litigation on the advanced reactor designs.
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PREMISE
The purpose of this paper is to explore what is and what should be the forces driving the
development of advanced reactor designs for both the near-term and the long-term. These
driving forces are further examined to identify the underlying factors which make these
driving forces important. The approach taken is to first identify the factors which shaped the
current reactor programs, and then to merge this information with an identification of factors
which will be important in the near-term and long-term but which perhaps have not played a
major role in the current reactor programs.
Driving Factors for Current Reactor Programs
There ae four principal areas of concern for reactor programs which have been important
throughout the history of the nuclear industry. Two of these - safety and cost - are obvious, and
have perhaps had more to do with the current state of the industry than the remaining two environmental and non-proliferation concerns. Consequently, it seems evident that safety and
cost considerations will dominate the discussions about advanced reactor designs, although a
caution should be raised in that it will be necessary to demonstrate that environmental and nonproliferation issues ae not made worse by advanced reactor designs.
A number of underlying factors were and are important in making these four factors the
driving forces for current reactor programs. Safety and cost are closely related. The drive for
cost competitiveness led to large reactors for which when safety problems are discovered there
is a large premium to be paid for fixing the problem.' As a result, reactor sizes rapidly grew and
there are only a handful of reactors which are smaller than 60OMWe in the U.S. (15 out of 115).
(This is the approximate size of the largest advanced reactor which has been proposed to date,
not including the large evolutionary PWRs and BWRs.) One result of the drive to large reactors
was the early abandonment of 'inherent' or `Rgssive' safety in perfonning many safety
functions. Instead, active systems are required to perform nearly all safety functions in existing
reactors.2
The cost of existing large reactors in the U.S. has been driven by both high fixed costs and
long construction cycles, as well as relatively significant operations and maintenance (OW
I For instance, when a large plant must be taken off line to implement a backfit or perform some
type of special surveillance, this takes 1100-12SOMWe off the grid at once. Accordingly, a
considerable amount of replacement power must be provided by the utility. If, on the other
hand, one had a pair of 500-60OMWe plants, in the absence of a critical emergency a reasonable
argument might be made to take one unit off line at a time. This has a less significant impact on
the grid. In addition, as a matter of design, it is very difficult to design more or less passive
systems for the large units due to the absolute amount of decay heat pesent. This makes it more
imperative for such units to be taken off line in the event that some safety discrepancy is
identified. In contrast, smaller units can be designed with more or less passive systems which
are less significantly affected by safety discrepancies in the rest of the plant. This makes a
mandatory shutdown potentially less likely.
is not uniformly true. Indeed, the genesis of the term "inherently safe' appears
to have arisen in connection with the ability of conventional light water reactors to avoid
positive reactivity coefficients for coolant voids (compared with liquid metal reactors of the
time) -- that is, runaway power excursions are inherently avoided in conventional LWRs.
Conventional LWRs do have some inherent or passive safety attributes, including favorable
reactivity coefficients (in most cases) and the presence of substantial heat sinks in the
containment. The difference in advanced reactors is both a matter of scope and degree -inherently and/or passively safe processes are being designed to wholly perform multiple
safety functions (such as emergency coolant injection, containment heat removal, and reactor
coolant system residual heat removal).
20fcoursethis
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costs. The long construction cycles for conventional plants resulted from a synergism of a number
of factors, including changes in demand, a period of high financing costs, increasing regulatory
requirements, and external factors (such as the hree Mile Island accident in 1979, the Browns
Ferry fire in 1975, and the oil embargoes of the early 1970s). Long construction cycles result in
higher financing costs (AFUDC), and a longer period of exposure to increasing regulatory
requirements and external factors, which result in still greater fixed costs and an even longer
construction period - in essence, a positive feedback loop.
The safety question which was thought by regulatory agencies to have been answered in
the early 1970s has been found to have been answered only partially. One important reason for
this lies in the early and continuing focus on artificially constrained design basis accidents
(DBAs) and the plant designs and regulatory structure which resulted from this focus.
It seems to be generally recognized that the public is not at significant risk from a design
basis accident (since by definition very little bad happens by any realistic analysis of a design
basis accident).3 Risk studies in the 1970s and 1980s have shown that the safety risks of
existing reactors are posed largely by severe accidents. Although existing reactors have some
margin against a variety of severe accidents (a margin which varies among designs and varies
with the particular type of severe accident under consideration), this is a somewhat
serendipitous outcome esulting from conservativ assessments of certain design basis accidents
and the safety factors inherent in contemporary engineering practice.
In a rational world, existing reactors would have been designed against severe accidents
(with some mixture of prevention and mitigation) and the regulatory structure would have been
focused on severe accidents. This has simply not happened to any significant extent in the
United States (indeed, except in certain very narrow circumstances, the licensing process doesn't
even address severe accidents). One outcome of this situation is that every time there is an
actual severe accident (TMI-2 or Chernobyl) or a significant precursor event (Browns Ferry fire,
Davis-Besse loss of feedwater, Vogtle station blackout during shutdown), new safety
requirements are issued, the already large fixed costs of existing plants increase, and the
regulatory process is changed to pay increased attention to yet another facet of operational
safety.
Safety and costs for existing reactors have also been found to be significantly affected by
the human factor. Operators and other plant personnel can unfortunately easily interfere with
the operation of active safety systems. Thus, a great premium has begun to be paid in the last
decade in terms of operations and maintenance costs for improved procedures, more and better
training, and larger plant staffs. In addition, management has been recognized as being
significantly more important to both safety and costs than was initially thought to be the case.
Several multi-year shutdowns of some plants, and implementation of expensive 'performance
improvement programs' at many other plants have resulted from regulatory concerns about the
adequacy of plant management at utilities in the U.S. Management concerns have not been
limited to plant operations, however, but have extended to design and construction, as well as
other aspects of the fuel cycle.

In a realistic analysis of a design basis accident (such as a large break LOCA) in a
conventional LWR, for example, the emergency core cooling, residual heat removal, and
containment isolation systems would successfully operate in the presence of single active
failures, and no core damage would result. This can be contrasted with regulatory safety
analysis assumptions (10 CFR Part 100 and TID-14844) in which some core damage occurs and a
fission product release to the containment takes place which crudely approximates significant
core damage. Analyzed realistically (with best estimate codes and calculations), no such
damage or release would take place.
3
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Environmental concerns as a driving factor for current reactor programs dates to the late
1960s. Early concerns about thennal pollution appear to have largely been resolved, and
replaced with concerns about the imparts of severe accidents, such as the Chernobyl accident.
The possible use of nuclear power as an answer to some environmental problems, rather than as
a cause of environmental problems, is a relatively new development and is more properly
discussed as a driving factor for advanced reactor programs.
Proliferation concerns over existing reactors also seem largely to have been answered, with
the exception of breeder reactors and reactors fueled with natural uranium. With the
abandonment of reprocessing and plutonium recycle in the United States, proliferation concerns
have generally not been a major driving frce i affecting U.S. reactor design in the recent
decade (nor were they major driving forces prior to 1980).
What

Level of Safe!y has been Achieved in Existing U.S. Reactors?

How safe are existing reactors? This question is not easily answered. The simple answer is
that every existing commercial nuclear power plant has the potential for a very severe accident
which could result in significant impacts on public health and safety and on society more
generally (through esource deprivation, such as abandonment of severely contaminated areas,
and through secondary effects such as implementation of new safety requirements in the
remaining plants).
The difficult answer involves determining an accurate estimate of the likelihood of such
an accident and evaluating in more qualitative terms the adequacy of the management of
operational safety (the risk impact of which is difficult to quantify within the current state of
the art). This may in some measure be accomplished for all U.S. plants by the Individual Plant
Examination (IPE) program which is required by NRC Generic Letter 88-20 to be accomplished
within the next 24 years. In the meantime, plant-specific probabilistic risk analyses (PRAO
of varying scopes and vintages have been completed on a large number of plants in the U.S. A
survey of these studies indicates that the likelihood of severe core damage per reactor-year for
U.S. light water reactors may lie in the range of one in 122,000 to one in 700 per reactor-year,
with an average value in the range of one in 3400 per reactor-year.4
The best current information suggests that given such an accident, the likelihood that the
containment will fail early or be bypassed--thus resulting in a potentially large release of
radioactivity to the environment-may range from a few percent or less to higher than 0%
depending on the containment design and the relative likelihood of various accident sequences.
Thus, the potential for a fairly severe accident in the U.S. may lie in the range of one in a few
thousand to one in a few hundred thousand per reactor-year (slightly more in perhaps a few
cases and slightly less in some others).5

To the extent that recent nuclear plant performance in the U.S. indicates a clear trend toward
lower transient initiating event rates and considering that transients tend to dominate risk,
PRAs which have been perfon-ned using historical data (which show much higher transient
rates) may somewhat overestimate risk. On the other hand, in the consequence estimate area,
the recent BEIR V report indicates that latent health effects have been underestimated in
previous PRAs, perhaps by a factor of 48.
4

For perspective, the following results are reported in the second draft of NUREG-1150, Severe
Accident Risks: An Assessment for Five U.S. Nuclear Power Plants (June 1989); mean large
release is taken as the sum of the mean frequency of early containment failure and containment
bypass:
5
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Driving Factors for Advanced Reactor Programs
Cost and safety will continue to py a major role in advanced reactor programs, however
the means by which cost control and adequate safety are achieved will likely be different than
with previous reactor programs, particularly for long-term advanced reactor programs. Nearterm "evolutionary' designs will be very likely to be subject to the same driving forces as
existing plants, with perhaps some optimizing of safety (within the constraints of a more or
less conventional PWR or BWR design). Examples of such designs are the General Electric
Advanced BWR (ABWR), the Westinghouse SP/90 advanced PWR, and the Combustion
Engineering System 80 Plus reactors.
Enviroruriental concerns may play more of a role with advanced reactor programs than has
been the case for eisting reactor programs. This is likely to be true on both the "cause" and
"answer" sides of the issue as alluded to above. Improved safety characteristics (such as
reduced core damage frequency and near-passive to passive decay heat removal
characteristics) should enhance the status of nuclear power as being a comparatively clean
energy source (by reducing the likelihood of environmental damage resulting from reactor
accidents). On the answer side of the environmental equation, nuclear power plants can be seen
as partial answers to acid rain and greenhouse problems, although a significant near-term
impact should not be expected for a variety of reasons.
On a practical level, only the large (1100-135OMWe), evolutionary plant designs will be
available in the very near term (such as the General Electric ABWR and Combustion
Engineering System 80 Plus). The usefulness of these plants for many utilities in the U.S. is open
to question. Saller, near-passive LWRs (such as the Westinghouse AP-600, General Electric
SBWR, and ABB-Combustion Engineering PIUS-600) and other designs (such as CANDU-3)
will be available on a somewhat later schedule, but the first of these units will probably not be
design certified, constructed, and placed into operation until the end of the century. Even then,
it is not clear whether large numbers of these reactors could be built and placed in operation on
less than a 0-15 year schedule beginning at the end of the century. Acid rain and global
wam-dng problems could have shorter time frames in which solutions are needed.

PLANT

MEAN CORE DAMAGE

MEAN LARGE RELEASE

Surry PWR
Zion PWR
Sequoyah PWR
Peach Bottom BWR*
Grand Gulf BWR

1.7 x 10-4
3A x 14
5.7 x 10-5
1.0 x 1-4
4.0 x 10-6

2.2 x 10-5
6.8 x 10-6
7A x 10-6
5.3 x 10-5
9.2 x 10-7

AVERAGE**

1.3 x 1-4

1.8 x 10-5

Includes external events.
CAUTION: These averages are not necessarily meaningful in a statistical sense, nor
representative of other reactors (these five reactors have been the subject of multiple PRAs,
and their safety has been improved as a result of PRA insights; some plants may not
experience results as favorable as these, while others will be better). If, notwithstanding
these problems, these values are taken as representative for the sake of argument, they
indicate roughly a 20% chance of a core damage accident and a 2 chance of a core damage
accident with a large release within the next 20 years in the US. across the industry
(assuming no improvement). Although there are extraordinarily large uncertainties in
using these results in this manner, it does provide (in the author's opinion) some perspective
on existing plants in the U.S. Some improvement in these results may be expected within 10 years due to the NRC IPE program (Generic Letter 88-20).
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Near-Term Directions -- The Next Five to Eight Years
For the near term, it seems that a7ge evolutionary reactors and half-size advanced light
water reactors will be available for deployment by the mid-1990s. The large evolutionary
reactors (ABWR and System 80 Plus) will probably not have a large market in the U.S., but
may see some use elsewhere. These reactors--assuming that the designers have paid adequate
attention to the lessons of the operating history of existing plants--should achieve moderately
better economic performance and should be more optimized in terms of preventing and
mitigating severe accidents than their existing counterparts. However, notwithstanding their
licensing as advanced reactors (i.e., through design certification), they share more in common
with existing plants, and will be subject to many of the same forces which have affected
existing plants. The large evolutionary reactors will still probably require a lengthy
construction cycle, and as a result ay wind up being impacted by unforeseen external events. In
addition, ratemaking regulatory agencies may not be entirely receptive to new nuclear plants
which share much in common with existing facilities due to their mixed experience over the
past decade. Should either or both of these factors come substantially into play, the large
evolutionary plants will be overtaken by events and the truly advanced reactors now being
designed will probably be deployed instead.
The smaller, near-passive advanced LWRs will also likely be ready for deployment
before the turn of the century. Such designs include the Westinghouse AP-600 PWR, the
General Electric SBWR, and perhaps the ABB-Combustion Engineering PIUS-600 PWR, as well
as other designs such as the AECL echnologies CANDU-3 design. These designs generally
emphasize modular construction (resulting in shorter construction cycles and better quality
control), improved economic performance (high availability and capacity factors), and
improved safety (formal emphasis on severe accidents and some near-passive to passive
systems). These plants should be more palatable to utility ratepayers and shareholders, as
well as to the general public which is concerned about the safety of reactor operation.
Moderate-Term Directions -- Eight to Fifteen Years
Additional smaller reactors should become available beginning around the turn of the
century and into the early years of the 21st century. These designs include the ABB-Combustion
Engineering PIUS-600 PWR and the Rolls-Royce/ABB-Combustion Engineering Safe Integral
Reactor PWR concepts.
Long-Term Directions
For the long-term, truly advanced reactors should be available for deployment. Such
designs are expected to be small reactors (of the order of 100-20OMWe), modular in concept, and
making extensive use of passive safety concepts. These designs include the General Atomics
Modular High Temperature Gas-Cooled Reactor (MHTGR) and the eneral Electric Power
Reactor Innovative Small Module (PRISM) liquid metal reactor.
If nuclear power is to have a long-term future, and/or play a significant role in reducing
acid rain problems and greenhouse gis emissions, it seems evident that breeder reactors must
eventually be deployed. This suggests a role for the PRISM-type plant, as well as possibly a
breeding variant of MHTGR.
What Attributes are Needed for a Successful Advanced Reactor?
Based on the considerations discussed above as well as the experience of the author, it is
suggested that the following attributes are needed for a successful advanced reactor:
(a)

A design which explicitly accounts for severe accidents, including severe external
events (not necessarily limited to contemporary design basis events), and which
results in a frequency of severe core damage substantially lower than in current plants.
The goal for the frequency of severe core damage should reflect a reasonable assurance
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that a severe core damage accident will not occur during the operating lifetime of a
'fleet" of such plants. Considering the availability of experience with existing
plants (including a wealth of severe accident vulnerability knowledge) and an
emphasis on passive or near passive safety systems, it should be possible to achieve
severe core damage frequencies on the order of lxlO--5 per reactor-year and perhaps
significantly better (in the range of 1x1O-6 per reactor-year). Modular plants (such as
MHTGR or PRISM) may have to achieve lower frequencies on a per-module basis to be
equivalent to large units (for example, four MHTGR modules are Toughly equivalent
to one AP-600 plant).
N

A design which explicitly accounts for severe accidents in terms of accident
mitigation, resulting in a very low conditional likelihood of a substantial fission
product release given a severe accident. Smaller reactor sizes (particularly modular
reactors) should help significantly in this regard, as should a focus on passive
mitigation systems in advanced reactors.

W

A design which utilizes near-passive and passive concepts (whose safety and
reliability are demonstrable by experiment and/or full-scale test) for both accident
prevention and accident mitigation to the maximum extent feasible. The design
should also explicitly account for the severe accident phenomena relevant to the
coolant type (light water, heavy water, helium, liquid sodium, etc.).

W

A design which allows for a suitably long time between refueling outages, with a
balance struck between refueling outage duration and refueling outage frequency so as
to optimize both availability and capacity factor performance.

(e)

A design which emphasizes modular construction and exceptional quality control.

M

A design which deemphasizes the importance of maintenance and human reliability
more generally to assure that safety functions are performed with acceptable
reliability, and to assure that passive safety characteristics are not compron-tised by
design, manufacturing, or installation defects.

In addition to these characteristics, the ability to breed fuel would be most desirable for
the long term, provided that related safety and proliferation concerns can be satisfied.
It is further suggested that key factors in gaining public acceptance are the ggyrly public
availability of design information on advanced reactors and, once there has been time for an
initial review of this information, the occurrence of a period of dialogue between the designers
and parties concerned with safety issues. This will promote the early identification and
resolution of potential safety issues - most importantly, occurring at a time when tradeoffs in
design and accommodative design changes are more easily and less expensively accommodated
- and the sharpening of the residuum of safety issues for resolution in the design certification
rulemaking (to the extent that significant issues remain). Late disclosure of significant design
details or outright secrecy, on the other hand, could breed distrust and unnecessarily and
profitlessly (for all parties) extend litigation on the advanced reactor designs.
Given the experience with existing reactors - which includes both very good and very poor
experience, the latter including periodic demonstrations that safety questions remain, overall
lower availability and capacity factor performance compared with early predictions, and
periodic demonstrations of utility management incompetence - the vendors and their potential
customers can scarcely expect their critics to welcome new reactors with open ams if they insist
on withholding information on the very design attributes they will wish to assert make these
new designs publicly acceptabIe.6
hasten to add that the practices of the vendors vary widely in this regard to date. For
example, the degree to which significant (albeit preliminary) design information is publicly
available on the A600, SBWRand PRISM designs compares rather poorly with that
available on the PIUS-600 and CANDU-3 designs.
61
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ADVANCED NUCLEAR POWER OPTIONS:
THE DRIVING FORCES AND THEIR RESULTS
DISCUSSION
Much of the discussion of this session focused on the issues of safety and economics of
advanced reactors and their interrelations. while some participants held the view that nearterm improvements of future technology are likely to be focused upon safety rather than
economics, there was a strong contention that achievement of substantial improvements in both
areas are in fact compatible. Rather than describe reactors as being economic performancedriven or safety-driven, they could be characterized in terms of time-frames for use, many
disparate incremental changes, and evolutionary processes. The view was expressed that
large, evolutionary WRs incorporating some passive safety features would be both safer and
more economical than those in Crrent use. This would result from the future advanced LWR
program in the United States being based on the Utilities' WR Requirements Document, a
comprehensive compilation of feasible design actions which could make plants cheaper and
safer, and also make them easier to operate and maintain. This work is based upon the lessons
of past experience.
Considering safety separately, there was some disagreement concerning the best course to
achieve improved safety levels. Participation by strong advocates of concepts, variously
promising active, semi-passive, passive, and inherent safety brought to light several issues
which were discussed further in the session following the papers on Demonstrations of Nuclear
Safety and Licensing by Tests (Session 5). Among these was the issue of potential human error,
even with passive or semi-passive systems. It was pointed out that design changes have come
about to increase the mechanical reliability of essential safety functions, while there has not
been corresponding progress in the human influence on those functions. The primary direction of
concept evolution has been t emove humans as active components in the immediate esponse to
transients in accidents, yet there remain many subtle (hopefully rare) ways in which humans
can have a profound negative impact on reactor operational safety. Examples cited included
errors in fabrication and construction, maintenance errors, and the possibility of disabling
safety systems when switching between operational modes, such as occurs during with refueling.
It was also stated that, while passive systems may be more forgiving with regard to
special accidental events like loss of coolant or loss of heat sink, such as one reactor in the
former German Democratic Republic that experienced a six hour loss of heat sink with no severe
core damage, they may not be any more forgiving of events like external terrorist aggression.
Notably, the general trend with evolution of other technologies is away from passive safety
systems and toward more sophisticated active systems involving more electronics and
automation.
One participant expressed the expectation that, once a detailed analysis of all of the
accident event trees of a new design had been conducted, it might come out that all so-called
passive and semi-passive concepts may be defined as being semi-passive. If any consensus was
reached, it was that use of a combination of passive and active safety features should and
would be the likely path of future technology advancement.
It was interesting to note that in this and later discussions, those participants generally
recognized as skeptics of nuclear power, including the session respondent, favored the use of passive or semi-passive safety features f a variety of reasons. These included reducing the uncertainty associated with expected risks and teir ability to be tested under demanding conditions.
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There was a general reluctance on the part of many participants to accept and use the term
"inherent" when discussing reactor safety, as it has led to misunderstandings in public fora in
the past, and is in fact considered to be an implausible goal by many technologists. But one
participant clarified the issue by pointing out that "inherent" and "absolute" do not mean the
same thing, although popular use of the terms in discussion of nuclear safety has tended to
make them synonymous, as has the fact that few reactors can claim to meet the criteria of
inherent safety. He went on to state that there can be no such thing as absolute safety when
dealing with confined energetic, dangerous materials, but that the term "inherent" does have a
proper place in the vocabulary. It would apply to a reactor having: 1) fuel that is extremely
tolerant of high temperatures, as it would be inherently forgiving of a loss of coolant accident,
2 a coolant that is inherently non-corrosive, and 3 a heat sink which is inherently stable and
very large which will have a high tolerance for heat. When you put these all together in a
reactor that is sized so that it is inherently unable to go beyond fuel-failure temperatures, you
have a concept that is well described as inherently safe.
The discussion of theories of safety led naturally to the issue of determination of safety
and risk assessment. As this subject was the focus of Session 5, this issue is not dealt with in
depth here, although a few salient points are presented. It was stated by Prof. Golay that, as
far as advanced designs are concerned, it is premature to make a statement concerning expected
risk values because all potential contributors to risk have not yet been identified thoroughly.
Of the two methods of risk assessment discussed in the Conference, probabilistic risk assessment
(PRA) and demonstration by test, there was an approximately even split among the
technologists and also among the skeptics as to which path to emphasize.
Attendees from the nuclear power industry pointed out that the methods of PRA are not
sufficiently mature and standardized that PRA can be used to compare two different types of
reactors. The resulting risk values can not be compared validly. Conversely, requiring safety
demonstrations by test might introduce a fatal delay of ten to fifteen years in implementation
of new technology. Mr. Sholly stated that PRA is the method to use, and that it should be used
iteratively throughout the design process in refining a power plant concept.
The most common theme throughout the Conference was the current lack of public
acceptance and confidence in the nuclear power program in the U.S. A great deal of discussion
focused on probable causes and possible cures. It was generally recognized that one of the goals
of advanced reactor development is the restoration of public confidence in the technology.
However, several skeptics of the industry pointed out that its problems are institutional as
well as technological. One of the skeptics stated that there has been too much secrecy
concerning nuclear technologies and their use in the past, although that trend is changing for
the better. He cited negative aspects of the DOE's own reactor program coming to light after
being held from view for a decade, and becoming part of the public view of how reactors are run.
He went on to state that a regulatory system in which we would have total confidence is an
absolute requirement for any kind of technology that has the inventories of dangerous materials
of the sort that accumulate in reactors.
Discussion in this and subsequent sessions indicated the perception of a lack of confidence in
the Nuclear Regulatory Commission on the part of the public [although there were vastly
differing perceptions of what that level of confidence is (see the Session 3 discussion)]. One of
the causes proposed for that lack of confidence is confusion concerning the NRC's Safety Goals,
and whether they would apply to future reactors as well as to those in existence today. A
Commissioner of the NRC present at the conference clarified this by explaining that a single
version of the Safety Goals will apply to both classes of reactors. These goals include the
qualitative goals, the two quantitative health objectives, and the criteria for large release
(see Appendix C). He went on to concur with the need for openness in the NRC's activities,
stating that there is a requirement for the NRC to review proprietary information which must
remain confidential from time to time, but the agency has to be careful that it is not overdone.
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Mr. Sholly stated he was aware of the promulgation of the Safety Goals, but did not feel
that a reactor designed to meet them would necessarily please anyone, and it also may not be
economic in the long run. He saw the gals as a good aiming point in operation of the existing
plants, but not as being useful for the advanced plants. In response to this, the Comn-dssioner
stated that the NRC has defined 'how safe is safe enough" from the standpoint of use of the
nation's esources in the effort to reduce risk. Further, the NRC encourages designers and
operators to go beyond that standard. However, such encouragement does not mean that the
NRC should raise the acceptance requirements in order to reflect technological improvements.
One exchange in this session was particularly important. A participant addressed a
member from an environmental protection group regarding Mr. Sholly's criteria: "I particularly
wanted to be present at a meeting between those who like nuclear energy and those who do not.
And so I was very interested in Mr. Sholly's remarks and would like to address you with the
following points. I myself have long felt that the NRC does, by and large, a very good job at
establishing standards, and that despite the conformance of American reactors to NRC
standards, there are a lot of people in the United States who just do not like nuclear reactors.
They think reactors are too dangerous. And so I have argued that the key players, who may not
even realize how key they are, are what I have called the 'skeptical elite,' people like Mr.
Sholly. I think that the survival and expansion of nuclear energy use, which I feel is very
desirable--especially in view of the greenhouse effect--depends upon having the skeptical
elite coming around and saying, 'Well, now we have something that we like, and we are going
to support nuclear energy.' I think that Dr. Beyea in his U.S. Senate testimony a few years ago
said that such statements are more than one could ever expect from this skeptical elite.
"But Mr. Sholly offers an opening here, and I would like to refer to page six of his very
excellent paper, where he lists what attributes are needed for a successful advanced reactor.
The question I would like to put to you and to the other members of the skeptical elite is this:
Suppose these attributes are achieved. Does that mean that your organization would say, 'Yes,
we now have something that we accept and will support in view of concerns about the
greenhouse effect?' he same question would go to other environmental protection groups."
The response: "I can only speak for my organization. We set out in our public documents the
improvements that would make nuclear power acceptable. These include technical improvements of a high order compared to what we have seen in the past. More important would be
changing the safety regulatory system, demanding that it operate much closer to the standard
of what any regulatory system should do. We have been troubled over the years with not only
the nature of the regulations that have been implemented, but also with the fact that the NRC
does notenforce itsown rulesin many cases.We have taken them to courtand have won.Aregulatory system in which we would have absolute confidence is a requirement for any kind of technology that has the inventories of dangerous materials of the sort that accumulate in reactors.
"Public acceptance is another absolute requirement. A high level of public anxiety has
been growing over the years. The percentage of public that thinks nuclear power is desirable
has been dropping steadily for over twenty years. In fact, the Three Mile Island accident did
not cause a great perturbation in this trend. Now something like half of the people do not want
to see an expansion, and a significant population wants to see it phased out. Given satisfaction
of these and Mr. Sholly's requirements, I cannot see any deep intellectual problems and
personally no moral objections to endorsement of the technology. But whether these goals can be
satisfied are eally open questions.
"The big problem which the industry faces is the possibility of an accident. My personal
view is that risk of a substantial accident is unacceptably high. Such an accident means, for
example, an inadvertent release of radioactivity or an accident on the scale of TMI, or perhaps
even a smaller one, would effectively shut down nuclear power for the foreseeable future. My
question is: 'Should a country proceed with a program that could have one or a series of very
substantial or catastrophic events that could blight its prospects?' I think not, and with some
10 reactors operating, we must bring the risks down."
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The participant pressed his point: "If a set of technical criteria as put forth by Mr. Sholly
were achieved, would that change your mind?"
The response: "If you simply refer to changes in the technical aspects of reactors, that is
not enough. It is not the technical problems that plague this industry, it is the institutional
problems. Those problems have to be solved too. These problems are those of a regulatory
process in which the 'skeptical elite' do not have confidence. Also, in the nuclear enterprise
there has been too much secrecy, although that is been improved. You can see the fruits of this
in DOE's own reactor program. After being hidden from view for a decade, the rnismanagement
comes to light and that knowledge becomes part of the public view of how reactors are run. I
personally think it is a n-tistake to use political muscle to force through something like nuclear
technology that the public does not like basically.'
The participant then summed up his viewpoint: 'The public will not change until the
skeptical elite change.'
In addition to the criteria presented by Mr. Sholly and those discussed above, other criteria were identified which n-dght be considered to be necessary, although perhaps not sufficient,
to gain the support of the skeptics and the public. These include proof of safety by demonstration rather than PRA, creation of a reactor design that would not require evacuation, highly
capable mitigation of severe accidents, assurance of reliable transitions between operational
modes with associated operator acti,)ns, highly reliable quality assurance programs, assurance
against flaws in manufacturing, use of automatic monitoring systems that would assure that
safety systems will be made available after operational mode switching, and reduced uncertainty in safety and economics.
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INTRODUCTION
Session 2 - Modularization as an Avenue to Economic Competitiveness
The purpose of this session is to scrutinize the reality of modularization as a means of
improving nuclear power plant economics - both in terms of benefits which it can realistically
deliver and potential difficulties. Modularization is particularly important for concepts trying
to improve safety by use of passive design features. Because of the limited efficiency of many
such features the resulting nuclear power plant concepts typically have low power capacities.
Consequently, their expected specific capital costs are unusually high, and may render them
uncompetitive. Interestingly, the most difficult design challenge for such technologically
innovative concepts is not that of improving safety, it is that of being econon-dcally viable.
The main avenues suggested for making such plants economically attractive are
simplification and modularization. Simplification is a design strategy of attempting to
minin-dze the amount of hardware in a plant, in a fashion still permitting essential functions to
be performed efficiently. The rationale for this design approach is that plant equipment
which is not needed does not have to be purchased, or kept reliable, or thought about during
operations, or repaired, or considered as a contributor to accidents. The degree to which this
strategy will succeed remains to be seen.
The strategy of modularization is suggested more often as a means of reducing the capital
cost of a nuclear power plants, regardless of the performance emphasis of the concept. In its
most effective form the modularization strategy encompasses three complementary elements:
• Use of a standardized design, as a means of justifying greater investment for factory
fabrication of modules and to capture the economies of serial production
• Offsite fabrication of the substantial portions of the plant in the form of modules to be
integrated at the plant site
• Use of a factory environment for module fabrication, taking advantage of the higher
productivity and work product quality permit in such a setting.
Achieving the benefits of modularization is easier in a stable project planning environment and
it requires more initial investment in design planning and fabrication facility investments than
with the field-erected construction approach.
Both papers of this session were provided by Vice Presidents for Engineering of large
shipyard firms. The keynote paper of this session was presented by James Cottrell of Avondale
Industries, Rurnson, NJ, and the respondent paper by Patrick Keene of the Pascagoula, MS,
shipyard of Litton Industries. These two authors were invited because they were able to discuss
their respective experiences in large facility modularization from differing perspectives.
Avondale has been a participant in the AP-600 PWR program, and Litton has remained
uninvolved in the civilian nuclear power enterprise. Thus, the fact that both papers conclude
that modularization holds substantial potential benefits for the future nuclear power program
is particularly important.
In the subsequent discussion consensus concerning this conclusion was readily apparent.
Consequently, the discussion diverted somewhat from the theme of the session. This occurred
particularly in the direction of the topic of public acceptance, reflecting the consensus of the
participants that the most important impediment to the future expanded use of nuclear power
technology is aversion to nuclear power among the public.
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MODULARIZATION AS AN AVENUE
TO ECONOMIC COMPETITIVENESS
James H. Cottrell

ABSTRACT
There are many features of the emerging next generation of nuclear power which impact
the competitiveness of the facilities. We will focus on the equipment fabrication and erection
phase of the work.
Utility plants, like other complex facilities, require comprehensive program management
skills. While any project is sensitive to cost, schedule and quality control, nuclear plants have
strict and regulated requirements associated with quality control, and its associated materials
source and record keeping. The industry has developed an increasing interest in the adaptation
of prefabrication, or modularization, to the design, engineering and construction of power
plants.
Avondale Industries has been actively involved for the past several years with the
DOE/EPRI sponsored Westinghouse design for an advanced passive 60OMWe PWR nuclear
power plant (the AP-600). The Westinghouse team is currently working on the detailed design
and NRC licensing/design certification phase. This program is a part of the current industry
advanced light water (ALWR) efforts aimed at re-establishing the nuclear power option to
meet U.S. electric generation needs in the 1990s and beyond. he Westinghouse program has
the objective of developing the conceptual design of a greatly simplified 60OMWe pressurized
water reactor plant with major improvements in safety, licensing certainty, life cycle cost, and
construction schedule.
One of the major tasks of the program is the development of an optimized plant
arrangement and construction approach using modular construction to assist in achieving a short
construction schedule and cost-effective plant configuration. Although the finite effect of
modularization has yet to be tested in the dynamics of the erection of a commercial nuclear
power plant, we feel that there is sufficient evidence from experience in other major
manufacturing areas to warrant its application to future construction programs. In order to focus
on the potential for modular construction, we will first review its evolution from marine
construction into the industrial arena.
Shipyards are ideally suited for diversification into modular construction of industrial,
commercial and utility facilities. Our large inventory of heavy materials handling equipment
contributes significantly to the efficiency of the fabrication operation. This coupled with
automated materials preparation facilities, allow major projects to be constructed in a
manufacturing environment. Major shipyards have the sophisticated infrastructure, and the
flexibility of its application, needed to support the manufacture of single modules or large
complex systems with comparable efficiency.
We will give you a brief history on the evolution of modular construction as applied to
major construction projects. While many of the illustrations will naturally be associated with
the activities of Avondale Industries, they are also representative of other major
manufacturing organizations. Prefabrication, or modularization, has been practiced for many
decades by the marine construction industry. The WWII Liberty Ships are a prime example.
Non-marine modules also have a long history. The latter were primarily prompted by remote
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sites, with attended shortage of skilled labor or hostile environmental conditions, and
historically associated with the Oil O petrochemical industry.
Avondale Industries employs a comprehensive system of modular construction to build its
projects. In general terms, this means that large projects are subdivided into efficiently
managed sizes. These subdivisions, or modules, are designed, fabricated and managed as
"zones." Our approach is not merely the structural design and construction of discrete modules.
It is a comprehensive construction management system that begins in the planning, design and
engineering phases and carries through into material procurement, zone outfitting, site erection,
start-up, operation and maintenance. A key element of the planning and design functions is the
emphasis on constructabift.
We employ production lanes, or areas, where the various fabrication activities are
perfornied on the zones. Unlike traditional field construction, we take the work to the workers,
not the workers to the work. A typical ship might have 150-200 zones. The application of the
marine building procedures to non-ship projects was a logical evolution. For example, a major
ship requires upwards of 300,000 individual items of material and equipment t be in the right
place, at the right time and of the right specification and design in order to expeditiously
complete a project. A modem container ship will require about 10,000 pipe spools, 350,000 feet
of electrical cable, and 2200 drawings.
The fundamental st s n the abrication process are essentially the same for marine
vessels and industrial fac ities. Instead of transporting the outfitted zones several hundred
yards, or up to a few miles, for incorporation into a ship, the zones may be shipped thousands of
miles to the permanent pant or facility site. The size and dimension of the transportable zones
is a function of the plant site location. Sites accessible by navigable water systems can
incorporate large outfitted zones. The following are a series of slides which illustrate some of
the studies and projects utilizing modular construction.
ILLUSTRATIONS
YouwillnoteinFig.2-ithatthezonehasbeenoutfittedtothefullestpracticalextent. The
outfitted odule is surface cleaned in a large climate controlled building. Final painting, or

FIGURE 21:

A Typical Ship Module
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FIGURE 2-2:

A Typical Prefabricated System

surface treatment, except at the interfacial joints, is completed prior to incorporation into the
vessel. We endeavor to install all reasonable items in a module, and clean and test prior to
transfer to its permanent location. Only installation of special instrumentation or equipment
that is too fragile to handle the transportation activities, and cable pulling, ae accomplished
after the module has been incorporated into the project. We make extensive use of lifting
equipment to orient the modules for 'down-hand" welding.
Systems, such as shown in Fig. 22, are incorporated into ship modules. You can begin to see
similarities between these marine systems and those that -dght be incorporated into industrial
and utility plants. We generally efer to these systems as "packaged units.'
Fig. 23 illustrates how the outfitted zones are integrated into the vessel. This procedure
is generically very similar to the construction of industrial plants. Avondale has accomplished
a series of non-marine projects through the application of our modular construction procedures.
They have included sulfur recovery plants; large turbine/compressor and tuTbine/pump stations;
toxic and hazardous waste treatment plants; cryogenic systems for gas separation plants; a
surface condenser for retrofit of a nuclear power plant; a 192MWe low-head hydroelectric
station and an 800-bed detention facility supported by a loating foundation.
Figs. 24 25 and 26 show some of these projects in various stages of completion. Fig. 24
shows a sulfur recovery unit f a Saudi Arabian oil refinery designed by Ralph M. arsons We
built this plant in five large modules which were shipped by freighter to the Middle-East. A
similar unit was later built and shipped to Greece.
Fig 25 is a toxic and hazardous waste treatment plant that was designed and built in
eleven truckable modules. This system incorporates a circulating fluidized bed combustion
system licensed by the Pyropower Corporation.
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Each completed
module is
installed in a
logical sequence.

Major internal
equipment
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FIGURE 23:

Modular Ship Construction
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FIGURE 24:
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Sulfur Recovery Unit
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FIGURE 25:

Toxic Waste Treatment Plant Based Upon CFBC

Fig. 26 is the 192MWe low-head hydroelectric power plant station under construction.
The majority of the modules that went into this structure were fabricated at our Westwego yard
about five miles down the Mississippi from the erection site. While admittedly unique, this
project dramatically illustrated the impact of modular construction. Our competitively bid,
fully bonded, and guaranteed fixed-price and schedule was $100 million lower and six months
shorter than those based upon traditional field fabrication. This plant is currently operating
after exceeding its performance guarantees.
Fig. 27 shows the completed power plant structure under tow for its 200+ mile journey up
the Mississippi to the site on a canal between the Mississippi and the Atchafalia River basin.
One of the many unique features of its design was that the module zones also served as the forms
for about 120,000 cubic yards of concrete which was placed in it at the site.
The question is often asked about how large a prefabricated module is practicable.
Shipyards routinely handle and move about modules that weigh several hundred tons. Ships
weighing over 20,000 tons are moved on and off a floating drydock. The 192MWe hydroelectric
station weighed about 25,000 tons when it was moved off the building ways onto the floating
drydock and floated into the Mississippi.
Fig. 28 shows a module for an olefins plant. This module was fabricated in IHI's Japan
yard and transported to Yanbu, Saudi Arabia. This module weighed about 1800 tons. Please
note the similarity to portions of a power plant. Fig. 29 shows major modules for a fertilize
plant being shipped from Anacortes, Washington to the Kenai Peninsula in Alaska.
We are also participating in a broad range of design, development and quotations for projects on all matter of structures, both land-based and supported by floating foundations. These
include hotels, restaurants, prisons and detention facilities, repowering of fossil fueled electric
power stations, cogeneration facilities, peaking power units, bus maintenance depots, iron ore
reduction plants based upon coal gasification, solid waste and sewage sludge treatment facilities. Prominent among these is our involvement with the Westinghouse team for the licensing
of the next generation of standardized Nuclear power plants -the aforementioned AP-600.
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FIGURE 26:

Hydroelectric Plant
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FIGURE 27:

Completed Hydroelectric Plant i Transit to Site
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FIGURE 2-9:
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Module for an Olefins Plant

Fertilizer Plant Modules in Transit to Site
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Fig. 210 illustrates a 5OMWe circulating fluidized bed coal-fired generation unit based upon
Pyropower technology. We worked on the project with Pyropower and the Bechtel Corporation
for the repowering of a Wisconsin power station. The system was designed to be prefabricated
in 21 modules. This approach appeared to be very competitive, however the project was indefinitely postponed. Fig. 211 shows a further breakdown of the combustion chamber, cyclone superheater, reheater, air heater and economizer sections, which illustrates the proposed modules.
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CFB Coal-Fired Power Plant
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FIGURE 21 1: CFB Coal-Fired Power Plant Modules
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We were also involved in an innovative proposal to build an 80OMWe coal-fired power
plant on the Bahamas and transmit electricity to Florida via an underwater direct-current
cable. We developed a comprehensive modular construction approach which divided the plant
into three types of zones. Zone type A would be essentially completed remote from the site.
Zone type would consist of pipe spools, packaged units, material and equipment that would be
assembled into major modules at the site. Zone type C would be essentially constructed in the
field; however, all necessary material and equipment for such zone would be kitted at a remote
marshalling yard and dispatched to the site "just-in-time" for erection. Fig. 212 shows the
plant depicted by blocks which approximate the modules for the plant.
Fig. 213 is a picture of the model of a portion of the systems associated with the turbine/
generator. Fig. 214 is the turbine/generator area in block module form. This work provided
valuable insight into the program management systems and logistics of implementing a major
power plant. The apparent econon-dc advantages from such an approach were very encouraging.
It should be noted that for maximum effectiveness we must rethink the entire project structure to
include equipment vendors, systems subcontractors and field erection organizations as well as
the major module manufacture at shipyards, or like facilities.
Our involvement with Westinghouse on the AP-600 brings into focus the subject of this
conference. We have been working with Westinghouse for several years to develop improved
construction techniques for the AP-600 plant design with the emphasis on the efficiency of
construction, operation and maintenance. The next series of slides are from our AP-600 model
which is effective in ilustrating modular construction applications.
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FIGURE 212:

Plant Zones Simulated by Area Block
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FIGURE 213:

FIGURE 214:

Turbine/Generator Area Mod

Turbine/Generator Area Modules
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FIGURE 215:

AP-600 Model

Fig. 215 is the assembled model with the nuclear island to the right and the turbine/
generator building to the left without the enclosure for the turbine/generators.
Figs 216 through 218 are plan views of the various levels in the nuclear island.
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Level 3 of Annex and Fuel Buildings
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FIGURE 217:

Level 2 of Annex and Fuel Buildings

%LCA

FIGURE 2-18:

Level 1 of Annex and Fuel Buildings
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Fig. 219 shows the turbine/generator building systems located under the turbine deck. You
will note the many packaged units and modules that are included in the containment, annex,
fuel and turbine/generator structures.
The program has included a rigorous evaluation of all aspects of the power plant. The
primary emphasis has been on creating a fabrication environment where the most efficient
construction methods can be applied consistent with the highest level of quality assurance and
quality control. The current design parameters include the specification that the modules be
rail shipable.
This means that discrete modules will be no larger than twelve feet in width
height
and forty to eighty feet long. In the case where the plant site is accessible by navigable
waterways, these rail shipable modules can be incorporated into larger modules at the
fabrication site. hey may also be assembled together at a site adjacent to their permanent
placement.
As the dynamics of the development program unfold we have identified groups of module
types. These include "L" modules, M" modules and 'E' modules. The "L" modules are steel
liner modules which are placed within the containment structure and interface with each
other, or field installed systems. These are left-in-place steel/concrete forms. The 'M'
modules provide steel structural systems that have stand-alone strength for the intended use,
however they also will be designed and fabricated to act as the forms for concrete radiation
shielding and missile protection.
"E" modules are equipment modules for a wide variety of services. They will be placed
both within the containment and throughout the plant. These modules will be fabricated at
equipment vendors, module fabrication facilities and plant fabrication areas. The primary
goal is to have such systems assembled in areas where the craftsmen have the best working
conditions and their supervision is most effective.

FIGURE 219:

Turbine/Generator Building Below Turbine Deck
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FIGURE 220:

Depressurized Piping Module

The individual modules will generally weigh in the range of 10 to 650 tons. Each will be
pre-outfitted to the maximum practical extent, including such things as equipment, piping,
instrumentation, ventilation, cable trays (cable would be pulled after installation of the
modules to minimize electrical interconnections, except where such cable would originate and
terminate within the module), grating, valves, fittings, engineered equipment and the like.
All surface treatment such as painting, insulation, sound proofing and the like would be
completed on the module prior to permanent placement.
We have with us today two models which are part of the proposed AP-600. They are the
chemical, volume, clean-up system (CVCS) and depressurizer piping module. The first
represents two rail shipable piping and equipment modules, the latter is a piping module
featuring two trains of let-down valves and piping. These modules will be installed within the
containment structure, however they are typical of the ones being developed for the entire
plant.
Fig. 220 shows the depressurizer piping module complete with decking and railings. Figs.
2-21 through 227 show the core of the depressurizer piping module without the decking and
railings. The CVCS system is designed as two rail-shipable modules. One contains the
dernineralizer and the other the filters.

WHAT CAN WE CONCLUDE FROM ALL OF THIS WORK?
Modular construction of major plants such as nuclear power is technically feasible. The
program management approach is different than traditional field erected plants, however
well within the capabilities of experienced industry design/constructors.
Although the cost of planning, design, engineering, procurement, and program management
phases of the project may be higher, as a percentage of the total project cost, the increase in the
scope of this portion of the project will be significantly offset by reductions in the balance of
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FIGURE 221:

Depressurizer Piping Module Core Systej t
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FIGURE 222:

Demineralizer Valving
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FIGURE 223:

Dernineralizer Reactors (Opposite Side to Valves)

FIGURE 224:

Filters Valving
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FIGURE 225:

Filters (Opposite Side to Valves)
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FIGURE 226:

Dernineralizers and Filters (Valving), Stacked
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FIGURE 227:

Dernineralizers and Filters (Reactors), Stacked

plant costs. This is especially the case for the AP-600, which will be designed as a "standard"
plant, and NRC design certification will be obtained prior to start of construction.
A substantial shortening of the overall project schedule is a key objective of the program.
60OMWe conventional nuclear power plants have been brought on-line in five (5) years after
contract signing. The current estimate of the Construction Schedule for the AP-600 is 36 months
from first concrete pour.
The AP-600 economics derive from four basic sources: 1) plant simplification; 2 extensive
use of modularization 3 reference plant experience with operating PWRs; and 4 passive
safety systems. Design simplifications have enhanced the overall safety of the plant while
eliminating about 60% of the nuclear island valves, 35% of the total plant pumps and 75 of
the nuclear island piping. The building volume is about 40% less than existing 60OMWe plants.
These and other efficiencies brought about in a large part by the effectiveness of modular
construction yield a 30% reduction in the total capital cost compared with the reference plant
PWR. Modularization provides increased productivity, reduced field erection period, early
starts on items that can be built in parallel, mitigation of the impact of weather-related
delays and greatly enhanced quality control, inspection and documentation.
In summary, the fabrication techniques developed in the dynamics of shipyard construction
are being applied to a broad range of industrial and commercial projects. The improvements
over conventional field construction include:
(1)

Maximum use of modularization for structures, equipment, and systems.

(2)

Centralized manufacture and assembly of modules under modem factory conditions.

(3)

Pretesting and inspection to quality-control specifications prior to shipment.
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(4)

Streamlined field installation, based on detailed work sequencing.

(5)

Major reductions in bulk materials and field labor requirements.

(6)

Efficiencies in plant arrangement that tanslate into compact size and ease of
maintenance.

Last, but not least in the minds of the utility's financial officers, this approach opens the
way for securing significant portions of the plant under firm price and schedule commitments.
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RESPONSE TO
MODULARIZATION AS AN AVENUE
TO ECONOMIC COMPETITIVENESS
W. Patrick Keene

Mr. Cottrell has done an excellent job in showing us how shipyards can play a vital role in
the modular construction of large scale electromechanical processing plants. Land based
nuclear power plants fit well into United States shipyard capabilities.
Some American shipyards have always been innovative leaders in construction techniques
and imaginative products. Avondale's recent association with the AP-600 project is no
exception and I am grateful to have been asked to respond to this idea of shipyard
participation in construction of advanced nuclear land based power plants.
The American shipbuilding industry has witnessed a generally declining market over the
past forty years; but in the face of that decline, a few very large and healthy shipyards have
emerged. My company, Litton Industries' Ingalls Shipbuilding Division is among them. Indeed,
the construction of nuclear reactors and their associated marine propulsion plants has continued
unabated for thirty-five years in our private shipyards. More than 180 such plants have been
built. Our own yard has built twelve and, in addition, overhauled and refueled an equal
number. This nuclear experience, combined with the modular experience covered by Mr.
Cottrell, would be a cornerstone in the use of shipyards to accelerate nuclear power plant
development.
As Mr. Cottrell has ably shown, the ability of shipyards to plan, construct and trans-ship
very large modules to remote sites has been repeatedly demonstrated. Ingalls recently
completed just such a project - a complete naval gas turbine propulsion and electric plant for
crew training was built in Mississippi and shipped in modular form up the Atlantic and down
the St. Lawrence Seaway into the Great Lakes training center.
It is clear that today's large private shipyards have capacity, capability and experiences
far in excess of what is needed for today's ship construction and repair requirements. Today,
quantities such as:
140,000
450
2800
125

tons of steel
miles of pipe
miles of electrical cable
tons of ventilation duct

are annual throughputs of our four largest shipyards. These quantities represent approximately 70% of capacity of the four major shipyards. This capacity is available in private
shipyards because of continuing capital investments. More than four billion dollars of such
investment resides in today's major shipyard facilities.
The AP-600 power plant and possibly other passively safe type designs have reduced bulk
quantities significantly. If we assume that as much as 75% of this design can be constructed as
shipyard modules, then clearly two or three units per year fall within any one shipyard's
annual capacity. Even with new ship construction levels equal to those of the past several
years, modularized units for land based nuclear power plants of the AP-600 size could be
produced at an annual rate of perhaps ten per year.
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Another consideration in choosing shipyards would be the resident program management
skills already in place. Nearly all shipbuilding contracts are large scale, multiple unit, multiyear endeavors requiring technical design, world wide materiel purchasing, detail planning
and scheduling, quality and cost control skills and techniques. Moreover, as previously mentioned, the shipbuilding community taken in a generic sense has been exposed to nuclear
construction and the inherent quality control record keeping required by the U.S. Navy, the
NRC and other regulatory agencies. Safety of handling equipment, community acceptance of
constructing nuclear products and shipyard worker attitude would not bring any cultural shock
into the industry.
Of course, as with most issues, we must focus on costs. As Mr. Cottrell's work on the AP-600
project has revealed, costs would be reduced in choosing a shipyard for selected modules.
Modular production has reduced ship costs by millions of manhours and modern, complex naval
ships are in many respects more complex than power generating plants. Standard designs
should not only enhance modularization but speed up the licensing process. Parallel construction paths are available to a prime plant contractor using one or more shipyards. Learning
curves of 85% and better are standard in the shipyards of the United States on multiple units.
For those not familiar with learning curve calculations, this means that unit ten produced in a
modem shipyard would cost about 85% of unit one. Although Ingalls has not sought out this
market in the recent past, it will bear watching as the future unfolds a world where the gross
consumption of fossil fuels (at least to produce electrical energy) must soon be curtailed. Indeed,
it is becoming shameful that the United States with our demonstrated technological
capabilities has not been the world leader in nuclear power generation. A national energy
policy would be welcome to all Americans, and the shipbuilding industry has the ability and
strength to contribute.
Finally, I would like to congratulate Professor Michael Golay fr arranging this First
International Conference on this subject and look forward to participating. Perhaps in the
future our shipyards may be called upon to examine solar and geothermal modular plants as
well.
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MODULARIZATION AS AN AVENUE TO
ECONOMIC COMPETITIVENESS
DISCUSSION
While the majority of discussion of this session focused on manufacturing issues, there were
some technical questions regarding Avondale Industries' contributions to the AP-600 project and
concerns about modularization in general. The question was asked whether the AP-600 was
designed from the start to take advantage of opportunities for modular optimizations. It was
explained that was in fact the case, that from the earliest design work it used a modular plan,
taking into account all the variables of such a design. It was also pointed out that an analysis
for economic optima would probably show that some systems might best be built at the plant
site rather than shipped as modules. However, it was estimated that 40-50% of the total
plant range could be developed as rail-shippable prefabricated systems.
Some concern was expressed about making modules too densely packed for easy maintenance,
in an attempt to limit their sizes to rail-shippable proportions (roughly 4 4 x 6 m); an analogy
was drawn to the dense-packing typical on a marine vessel. The AP-600 has been designed to
allow for access between modules, and with most operating equipment, such as valves and
filters, located on the face adjacent to the module for ease of access in operation and removal.
Systems are designed and fabricated to meet all criteria of good practice for operation and
maintenance, they are not miniaturized or densely populated. It was pointed out that there is
nothing constrained or overly compact in the 192MWe hydroelectric plant built by Avondale,
and that the plant layout is exactly like a plant built by conventional methods.
An interesting turn of the discussion came when the question was raised concerning whether
the modular design would be simple to take apart when the plant is decommissioned. The
response was that some parts would be, while other parts would have concrete poured into them
once in place. This led to the assertion by one participant that modules and systems should be
removable in the event of an accident.
One of the Italian participants related some of the experience of a project led by Ansaldo in
Italy, where a 116 scale model of an entire plant has been built in order to study modularization possibilities. Requirements for inspection and maintenance were considered, and all
parameters optimized with respect to minimizing personnel exposure. All replaceable equipment were made small, and procedures were specified for removal by the shortest path. The
conclusion was that the plant layout must be made to allow replacement of systems rather than
entire modules.
The issue of standardization was discussed in the context of both modular and conventional
designs. It was recognized by all participants that, while standardization would improve the
economics of construction, maintenance, and safety regulation of a conventionally-built plant, it
is absolutely essential if modular plants are to be built, especially if one goes into series
construction, employing parallel fabrication paths and using more than one site to fabricate. It
was also mentioned that shipyard design has has utilized extensive computer-aided design
(CAD) capability that enables a check for interferences in designs before the final drawings are
issued. This capability should also be applicable t eactors in both fabrication and on-site
placement of modules.
The economics of modularization were discussed in terms of the initial plant construction
duration, including delay due to required design changes, and the dependence of costs upon plant
power capacity. One participant quoted an estimation of 55% that could potentially have been
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saved in the costs of construction of existing, conventionally built plants; with 10% of these
savings obtained from standardization and 45% from an improved regulatory process where one
could proceed with construction from start to finish without design changes. This view was
countered with the suggestion that the actual increase in costs due to delays is closer to 10-15%,
if the calculation is based on constant dollars as opposed to current dollars. It was explained
that the projected construction savings of a modular plant over a conventional plant, of 30 in
capital cost, is based on use of current dollars for the estimate. However, that estimate does not
take into account the fact that the construction schedule is much shorter, so there would be
additional savings in interest costs and reduced delays in use of the facility.
As a great deal of the focus of the interest in modularization has arisen in the area of
smaller, passively safe reactors, there was some discussion of the economics of small reactors.
These reactors take advantage of system features not usable in large reactors, such as natural
CiTCUlation for the BWR internal coolant recirculation and the fact that in the case of the AP600, heat can be removed from the containment by natural circulation on its outside. By use of
such mechanisms, designers are able t educe costs by eliminating some systems. But coincident
with those savings, there is a problem arising from diseconomies of small size, in that using
passive safety features, LWRs are designed in the 60OMWe neighborhood, and the LMR and
HTGR are even smaller. Using such plants, the industry must construct and operate a larger
number of plants to meet the same power capacity requirements. It was argued that large plants
using some passive safety features could approach the safety levels of the saller plants using
more passive features. The large General Electric advanced boiling water reactor (ABWR) was
given as an example, where melt-through plugs will allow water to cover the core after a coredamage event; the result is that, although the reactor is wrecked, offsite the dose is held
within allowable limits.
There was discussion concerning learning curves effects, and it was stated that shipyards
usually attain asymptotic costs of 85% of the initial construction costs, conservatively, while
making two to four units per year. Litton Industries has achieved similar results in offshore oil
drilling industry applications when producing ten or more units annually. It was pointed out
that in reality there will not be even one modular reactor produced per year in the foreseeable
future; consequently the nuclear power industry will be rather far back on the earning curvethe response given was that, although all of these statements may be true, even so the first
plant is significantly less expensive and faster to build than a plant built by the conventional
approach.
Two notes of caution were given by one participant who had some experience constructing
modules in the mid 1970s similar to the package units mentioned in the presentations of this
session. These were that it is very easy to pack a module to densely and care had to be taken to
avoid this. Also, that one had a tendency to want to pull out a big module in order to replace a
component within it. This aspect made it more costly than it would have been otherwise if
design emphasis had not been so concentrated on modularization.
The view was expressed that the main option for construction improvement in the near
future are modularization and star-dardization as applied to evolutionary water-cooled
reactors. This is because the chances of the NRC requiring design changes during construction
are much smaller than if the design were of a revolutionary sort. Te other reason cited for this
view was that the wealth of experience and information available concerning water cooled
reactors is much greater than with other concepts. However, this view was countered by the
fact that the experience of some 54 gas-cooled reactors worldwide is available to draw on for
design guidance.
A great deal of discussion centered around the issue of mid-construction alterations to
design, resulting from changes in safety regulations as well as self-imposed changes. It was
suggested that the design is particularly susceptible to such changes when commencement of
construction occurs prior to completion of the design process. Referring to the mid-construction
changes in design that caused much of the over-runs of costs and schedules for which many of
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the currently operating plants are famous, it was stated that those plants were being built in an
environment where it was acceptable to be engineering a plant and building it at the same time.
The assertion was made that in today's climate, with regard to deciding to build a plant,
financing, and getting regulatory approval, it is now inconceivable to start construction on a
plant that is not 100% complete from an engineering standpoint. So regardless of whether the
decision is made to build by conventional or modular means, if one finds oneself in an
environment where a plant design is changing as fast as it is being built, there would still exist
the same factors that have made nuclear power plant construction highly uncertain and
expensive.
Conversely, it was expressed that there is no such thing as a frozen design, even after
construction is complete, as evidenced by our current generation of reactors. It should not be
assumed that once this next generation reactor is certified as being acceptable by the safety
authorities, there will be no changes in design for sixty years. Changes will be ade in the
final construction decisions and in what the NRC might require as improvements. Both in
prefabrication and in field-construction, allowances must be made in areas where significant
uncertainties exist. Also, one must consider in the design that a certain kind of instrument used
today may not be available for replacement in forty or fifty years.
It was also pointed out that constructors who had been used to the conventional construction
approach were nervous about waiting to begin machining of materials until the engineering was
complete, being afraid that doing this would greatly lengthen the construction duration.
However, in the experience of Avondale Industries, a conscientious and thorough approach to
parallel path modular construction has actually resulted in a shortened overall construction
schedule.
Some conference participants expressed the view that the modular approach loses some of
the flexibility needed to deal with changes that may come about during construction, but in the
experiences of Mr. Cottrell and Mr. Keene, the converse is true. If changes ae proposed f a
specific module, one can delay construction of that module while continuing on with unaffected
modules. Similarly, if a particular module is late coming from one vendor, it does not stop
construction of the remainder of the plant It was agreed, however, that any changes that come
about during construction will still have an adverse effect upon schedules and costs, and that as
the number of parallel paths in use increases, the more dramatic is that effect.
At several points during the discussion, it was asserted that one of the main reasons for the
continually changing design experienced in construction of the existing plants was the continual
imposition of changes in regulations. It was asked of the Commissioner of the NRC present, Dr.
Forrest Remick, what are his impressions of the stability of the egulatory standards of the
NRC today. His response: "Commissioners are appointed for five years. The stability of
procedures looks good at least for the next few years. If plant designs become standardized, this
should result in increased stability overall. Some factors remain in doubt, however. Members
of the Advisory Committee on Reactor Safeguards (ACRS) have asked "What do we mean by
certification and rulemaking?" No one fully understands what this process is all about. The
Commission is learning as this proceeds, and I sense complete sincerity within the commission to
make this effort successful.
"From a utility viewpoint, important factors are standardization, consistency, and
coherence in the NRC's actions' Something which will contribute to regulatory stability is for
the NRC to review these designs thoroughly. If this isn't done well, the potential exists for
later backfits and changes. The NRC must do a good job at the beginning of a project. I have
some concerns about whether this will be done. The NRC is losing people due to retirement, it
has limited rources and has become very much an inspection agency. Historically, the
strengths of the NRC have been in analysis and review of safety. It is important to maintain
that capability."
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INTRODUCTION
Session 3 - Nuclear Power Public and Utility Acceptance Issues in the United
States
This session consisted of a panel discussion focused upon the situation of the United States.
The panelists were:
• Dr. Ian Beyea, Chief Scientist of the National Audubon Society. He has been vigorous
in writing and speaking about the conditions under which future nuclear power
technology could be acceptable to, at least, a sector of the environmental protection
lobby.
• Dr. Andrew Kadak, President of the Yankee Atomic Electric Co. He has been active in
public communications and within the nuclear electric industry regarding a variety of
issues concerning nuclear power.
• Dr. Bertram Wolfe, Vice President of the General Electric Company, with
responsibility for all nuclear power activities. He has also been active within nuclear
industry circles assessing the situation and future of nuclear power, and communicating
his ideas broadly.
• Mr. William Young, Assistant Secretary of Energy for Nuclear Energy, with
responsibilities for the activities of the U.S. Department of Energy in all areas of
civilian nuclear power, except for radioactive waste disposal. Of particular
importance for the Conference, these activities include development of the federallyfunded advanced reactor concepts, which includes nearly all of the major new reactor
concept projects being pursued in the United States.
Thus, the composition of this panel was composed to reflect the spectrum of viewpoints
which would be important in affecting the actual technology development paths which would
be followed in the United States, and the demands of different communities which will judge
whether that technology is acceptable.
The session consisted Of presentations by the panelists and the following discussion. In
many areas consensus was not evident, but the contrasts Of understandings are stimulating to
consider. In that sense the results speak for themselves. However, some important themes
emerged in the discussions, including the ideas that:
• The acceptability of a particular technology, including nuclear, depends upon the
combination of the sense of need for its benefits and its perceived risks
• In the absence of significant perceived benefits few people are willing to tolerate risks,
or to make the effort to determine whether they are large or small
• The public believes that nuclear power plants may be risky.
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Before I begin I have to make a disclaimer. That is that I am going to be talking about
public perception because I think that is very important. But I do not want to give the impression
that I think the public is wrong. I happen to agree with the public's perception of nuclear
power, and I want to make that clear. I do not like the current generation of nuclear plants as I
have made clear in many statements that I have made. On the other hand, in the long term, I
feel that we have only two choices on the supply side, and that is nuclear power and solar
electricity. And although I think solar electricity has the best chance, I am realistic enough to
know that technologies do not always work the way I want. And so I think it is necessary to
have at least some kind of nuclear option available. On the other hand, I do not think just any
kind of nuclear technology will do. I want to talk to you about the conditions that I think you
have to take into account when you try to design reactors that are publicly acceptable.
I look at this as an insurance policy. Again, I do not want to be misquoted: I think nuclear
power should be considered as an insurance policy, not as our first line of defense. Having made
those disclaimers, what we need to do is set out a problem statement. The problem statement I
set out is, "How could one design and demonstrate a nuclear reactor that would regain public
confidence in the United States, if one chose to do that?" By regaining confidence, I mean regaining sufficient confidence to site reactors at a number of locations. It is a pretty heavy task
because the public cannot judge the technical issues. Tey have to judge the players by their
characters and their histories, just as the way we calibrate anyone that knows things that we
do not.
I have three theses that I think are crucial. The first is that people do not believe in the
claims of advocates, of any point of view, not just nuclear power, once the advocates have been
proved wrong on a major point. I think that is already happened with nuclear power and that
is one of the problems that you are facing. The second thesis I have is that there does not exist
in the country today an agency perceived to be independent, overseeing the technology whose
judgement of safety issues is trusted. Once again, I think the issues are standard, we have a
classical revolving door problem in the NRC. The third thesis is that people judge newer, complicated technologies by their failures, and not by their successes. There have to be huge perceived benefits to cause people to put up with risks perceived to be unbounded, risks that you do
not understand.
I would like to review the issue that I stated first, the issue of claims that have been
proved wrong. I will just go down the list to indicate why 30% of the population in the United
States has come to be very strongly anti-nuclear. One of the easons has been because they see
the people who are advocates of nuclear power eing proved wrong. Examples are that people
perceived they were told they were going to have a repository for nuclear waste. Such an
eventuality looks very unlikely today. It is my perception and many others', that we were
promised that the kind of core melt experienced at TMI would never happen. Specifically, we
were told by many people at the time of TMI that the core did not melt. We were told this even
after the accident was finished. We iater heard that in fact it had melted, at least partially.
We have been told over and over again that specific waste sites were safe, and yet potential
flaws were uncovered. We have been told that reactor control rods would never fail to insert
into the corewould never stick. We have seen examples where that has been contradicted.
People are told that reactors are well-constructed and managed, yet they hear stories of
operators falling asleep in control rooms and cheating on exams, and they hear about workers
blowing the whistle on possible construction defects.
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We have heard of course that cancer risks from radiation are small. We have heard
blistering attacks on such people as Ed Radford, Carl Morgan, Alice Stewart, who argued that
risks are higher. Now the latest BEIR report, based on revision of Japanese data and accepting
the relative risk model, there is an eight-fold increase in risk estimates over the values used by
the Nuclear Regulatory Commission and nuclear industry in 1980. There is a caveat in the
report concerned with recommending an ad hoc dose-reduction factor, but the BEIR-Five values
represent an eight-fold increase over those which we were told were valid a decade ago. And
so I ask you, realistically, why should people really believe the industry again? How does a
non-expert calibrate industry remarks to know when they are right? I think it is reasonable to
expect, as an ordinary person, that there are other surprises waiting to happen, that we are
going to find that statements made by the industry again are wrong. Maybe those statements
will be related to catastrophic accidents.
Now, obviously, not all surprises have gone against the industry. The TMI core did start to
melt and did not breach the vessel. That was a good surprise for the industry, but people are not
judging you on your successes in this new complicated technology. They are judging you on your
failures, unless they see very strong benefits. I know you can take the position that the public is
irrational, and I know some of you in the audience do that. I have talked with you about that.
You can blame people like me for this, and some people in the audience do that.That may make
you feel good, but it is not very useful in this debate, in getting things straightened out. I think
what you really need to do, and I think MIT would be a good place to do some of this, is to perform a careful study of why people accept certain kinds of risks and not others. I think if you do
that, you will have guidance regarding how to design technology that is likely to be acceptable.
Let me give you the example of the earthquakes in California. We had a debate yesterday, and this issue came up. People tolerate a relatively very high risk of accident in
California from earthquakes, yet they could move out of California. I think some people are
concerned about earthquakes when they move to California, but I think the differences in
response are as follows. First of all, the people out there do not believe that the risk has been
downplayed.
hey believe that they understand the nature of the risk and they know its
limits. And therefore they can make a judgement about the risks and the benefits. In contrast
with the nuclear issue, I think people believe the risk has been understated, and they do not
understand the natureof the risks. I do not think ordinary people can estimate the worst which
would happen in a bad accident. This is why I come to this issue of demonstration.
Maybe the term "inherently safe" is a bad term because it confuses people, perhaps the
word we should use is "dernonstrably"--we need "demonstrably safe" reactors. I think that is
going to be the key. You have a skeptical public out there. They are not going to accept PRAs or
technical assessments. The only thing that will change people's minds is demonstrations.
There will have to be small reactors that are put to the very severest test, that you try to melt
down the reactor. If you try to do your worst to them, and they survive, then I think people will
begin to change their thinking. I think Mr. Sholly said this in a different way when he said
that it is necessary to "narrow the uncertainty." One of the key differences between many of us
in this room concerns the uncertainties and how important they are in terms of risk.
Demonstrations help you reduce the uncertainties.
Now I come to the issue of leadership and regulation. This is another way in which
individuals calibrate people dealing with technical issues that they do not understand. People
would like to feel that the NRC is a watchdog agency, and they do not see that at this point.
There is a feeling that the rules are always changed if they go against the industry. It is
perceived that there is an imbalance. I do not want to get into a debate over whether the
perception is correct or not, but the perception is that the NRC is in the pocket of the industry
and is not out there really giving the industry a hard time. I think that you cannot avoid that
perception. The analogy that I use is the one with the Soviet Union and Eastern Europe. You
have a system that is perceived by a large percentage of the population to have failed. If
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you are going to succeed, you need a perestroika, you need a restructuring. I wonder where the
Gorbachevs and Boris Yeltsins are to make that happen with the NRC.
We hear a lot of talk about how nuclear power, when done right, is good, when done wrong,
it is a problem. Well who is there to get rid of the worst actors from the industry? We do not
weed out those companies or those operators. I think the public is looking for character and
independence. I note that the ACRS is viewed much better by us elitists and others, and I think
it is because of a demonstration of independence. You see them criticizing and going after the
industry with no holds barred. 11note that someone like Prof. Lidsky is very impressive to
somebody like me because he has paid his dues. I've seen him criticize the fusion program, and
I have seen him pay for it. That builds a certain kind of trust and integrity that other people
just do not have. Instead we see people like former NRC Commissioner James Asselstine
confined to oblivion. We see people like former NRC Director of Licensing Harold Denton and
NRC Manager Robert Bernero removed from positions of importance when they give one
segment of the industry a hard time. This is not going to work.
I look at the EPA instead, and I see Bill Reilly from the Conservation Foundation
appointed to head the EPA. He has aised public confidence. I say this very seriously. The
best thing that could happen for public confidence is perestroika, to put critics of the NRC, like
Bob Power of the Union of Concerned Scientists, on the NRC. If you do that, you will see a
dramatic shift in public attitudes. Of course, there is a price to be paid for it. What I am
talking about basically is to abandon the current generation of nuclear power plants once they
are down, in order to have a different, better second generation.
Let me give you some advice. It would be very useful for everyone in this room, graduate
students included, to visit public meetings when siting facilities come up. For instance, when
they are siting an incinerator, take off your jackets and get out in the crowd and talk to the
people and listen to what is on their minds, what they worry about. If you do that you can
begin to design a technology tat may reach those concerns.
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I wish I could say that I agree with everything that D. Beyea says, but I cannot. Let me
address my comments to the other segment of the market, the utilities which are going to be the
purchasers of the technology that is being developed. I think it is very clear from the utility
perspective that most utilities do not really worry about whether it is coal, oil, nuclear, hydro,
solar technology that they use, or anything like that. All they are interested in is having a
generating plant that can produce electricity economically and safely. From this perspective,
what we are looking for as an industry is something that is simple, easy to build, easy to
maintain, and easy to operate; obviously, if you do all of those things, the plant will be
economic. Safety is obviously presumed.
Dr. Beyea makes a good point when he talks about "inherently safe" and "passive," and
all these words which, I would say, stretch credibility. From the public perception sense, I
would rather see words like "improved design,' which people can understand. The position
that I think the utility industry is taking was expressed earlier; that is, if you make too many
changes in terms of basic designs, digress too far from areas of utility experience, you will
probably have a reluctant customer, because of the past bad experiences that they have had
with novel technologies. The Yankee plant was fortunate when it started because the design
was very conservative, very robust, and we have been able to operate well with that design. I
think you are asking a lot for a utility that perhaps has had a nuclear program to say, "Here,
try this design, it is going to be better.' I also agree that prior to having a new plant major sale,
or an expansion of nuclear power, you are going to have to demonstrate the success of the
technology to the point where the utilities are comfortable with it, or as vendors, to take a
much greater share of the cost of the first plant.
I think, as a priority before we can move forward with new plants, from a public perception standpoint, we are going to have to do something credible about wastes. I am very optimistic now that the National Research Council has said that the existing waste disposal
criteria and standards are not credible, that they are unattainable because technically we
cannot prove that a technical scheme will continue to work far into the future. It is time for us
to get back and figure out what we can demonstrate to be true in order to show people that the
repository siting process we are about to go through is, in fact Cedible. I think no new reactor
design is going to be purchased unless the safety regulatory system is changed. I am not talking
about design standardization here. I am talking about a basic review of all the rules and
regulations in order to determine whether they are doing anything productive. The current set
of rules and regulations is immense. Many of them are no longer relevant or current. That has to
be changed rather dramatically. I think we are only treating the symptoms of our problems if
we think that standardization, or one-step licensing, will solve them. The rules also apply
after the plant starts up as well, and that is where those of us who operate nuclear power
plants are now suffering.
Clearly, one of the things that is obvious for the future of nuclear power is that we must
maintain good operations. I think if you were to take a realistic look, in the next five or ten
years, you would probably see more of an evolutionary design than a revolutionary design being
used in actual practice. My sense is that if we continue to operate our plants well, public support
will be there. Clearly we do not need any more Three Mile Islands to occur in this country.
I think that the other major issue which we have to face as an industry concerns the
management of nuclear power plants. Right now we have a rather amorphous system of
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management. Some utilities have single nuclear units, while others have multi-units.
Different utilities operate their plants, from a managerial standpoint, quite differently. I
hate to always go back to the old Yankee experiences for my examples, but Dr. Weinberg has
spoken on this in the past and I think we have proven that it is true: nuclear power requires a
dedicated organization whose only focus is the operation of those plants. This is not common
yet in this country, although many utilities are moving in that direction. I think the
technology is important enough to dedicate essentially single-focus organizations to its
operation. When the Yankee plant was built thirty years ago, the utilities who wanted to
participate in the process decided they did not know very much about it, and they wanted to
create a separate organization t design, build, and operate this plant. That scheme works
very well. Many of the Yankee nuclear power plant companies in New England are operated in
very much the same way today.
Relative to certification of design, I think that is important, but I am not sure I would jump
to the requirement of a completed design before a decision is made to commit to buy a particular
product. It would be nice if that approach would work, but I think it is unrealistic to expect
that to happen. The challenge for the designers is to go back to the basics in terms of our goals
in using nuclear power to produce electricity. If you do that, I think your design will be obtained
as a rational result I would not be prone to throw away current technology which has proven to
be successful. I do not think you will be able to get away from engineered safeguard systems.
Even if you can demonstrate beyond the shadow of a doubt, that a particular design does not
need a containment, chances are you will have a containment anyhow. I also believe you will
probably need some kind of emergency core cooling system even if everything is passive and you
do not have to touch it for three days as it shuts itself down. I think the facts of life,
credibility, and good engineering will dictate that you will need some emergency systems that
are active, in addition to whatever passive systems you might conceive.
One thing I would like to point out concerns this issue of public support that has been raised
several times. Many, many surveys have been made. The most recent one I have is from July
1990. 1 will read the question so there will not be any confusion: How important do you think
nuclear energy plants will be in meeting this nation's electricity needs in the years ahead? very important or somewhat important. Roughly 78% of the public feel that nuclear power is
going to be an important contributor to our future electricity supply. Now whether you want one
built in your area or not is quite a different question. There was an article in Financial Times
last week that said even if you overcome all the public hurdles about the dangers of nuclear
power, the question remains, "Where would you put it?" And I think that is the challenge that
we are still going to have to face.
Relative to some of the changes that need to come about for nuclear power to grow, I think
that the foundation for changes is a National Energy Strategy which includes as a key element
the importance of nuclear energy for our nation. If it does not have the importance of nuclear
power very strongly articulated, and if instead nuclear power appears only as an option, those
of us in the utility industry say, "Ho-hum, what else is available as new capacity?' And I do
not think that people should take this statement as a threat, I think it is simply a fact of life.
The foundation in the National Energy Strategy of the need for nuclear power is going to be important in order to change the federal safety regulatory process, the public perception about the
need for nuclear power, and the financial community's faith in the technology, without which
you will never build.We talked earlier about why would anyone want to take any risk whatsoever; the only time that people take a risk is because of need. The National Energy Strategy, if
properly articulated, will demonstrate that need and develop from it the basis of satisfying
environmental and other national economic interests. That is an important stepping stone from
which we, as a nation, should go forward, particularly as we develop new technologies.
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There are two questions asked here. One concerns the utility acceptance of nuclear power
and the other, the public acceptance of nuclear power. I think they both go together. The
utilities require an objective view of the economics and capabilities of nuclear plants, but they
also need public acceptance, since the utilities are publicly supported organizations.
So let me look at the public acceptance of nuclear power. To
that, let me go back in
history a little and remind you that peaceful nuclear power started in this country with
President Eisenhower's Atoms For Peace speech in 1953 followed with the Atomic Energy Act of
1954, after which a large number of corporations went into the nuclear power business, expecting
this to be a roaring success. Most of them got out during the 1950s as they discovered it was a
hard business to be in. The nuclear power industry struggled until the 1960s when the
environmental movement came along and became very critical of fossil fuel power plants. In
fact the president of Florida Power and Light in the early 1960s, in response to tremendous
negative public reaction to the building of two coal plants, got up and gave a speech in which
he Tomised to build only nuclear plants, resulting in the Turkey Point nuclear power plants.
Because of the concern with fossil fuels, and the added cost of fossil fuel plants as a result of the
pollution cleanups required, nuclear power became competitive in the 1960s, and in the late
1960s became dominant in the United States. In 1972 and 1973, the industry sold something like
thirty-five or forty plants a year, and some of you may recall the projection that there would be
a thousand nuclear plants by the end of the century.
Then came the Arab oil boycott in 1973. Unfortunately, nuclear power did not come quite
soon enough, because what happened was, when the oil boycott came, most of our electricity
was generated by fossil fuels, the costs went way up, and the demand went way down. So the
growth of electricity in this country went from a doubling of demand every ten years to a
doubling every thirty years. The result was a surplus of capacity which had been ordered. So
during the 1970s and early 1980s, there were some seventy coal-fired plants cancelled that were
on order, as well as some hundred nuclear plants. And we still had a surplus of capacity, up
until about a year ago. So you could be against coal plants or nuclear plants or gas pipelines or
new dams, you could be against picking up wood in the forest, you could be against everything
and it did not matter.
Now we are entering a new era where we are beginning in some places to run out of
capacity. In particular the East Coast has had brownouts, Florida has had brownouts. So we
are coming to a point where one has to decide if he wants to keep the lights burning, and if he
does, what method will be acceptable for providing the increased capacity needed. You cannot
be against everything, you will have to be for something. We are going to need new plants, and
there is no question there will be problems in siting them. In the United States it is difficult to
find a site and secure permits for anything: prisons, playgrounds, hospitals, roads, oil
refineries, shopping centers, low-income housing, off-shore drilling, electric transmission lines,
and a long list of other things. We have a society that makes it very difficult to do anything.
And we have friends continuing to remind people of dramatic effects like Three Mile Island and
Chernobyl, and arguing that this is the reason for sagging support for new nuclear plants, but, as
I have tried to indicate, what I think they have ignored is that in the past all the impetus
went out of major energy development programs because there was no need for them.
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And at the time that the energy crisis went into remission the economy was pulling out of a
period of stagnation, and energy supplies were plentiful. As I mentioned, we cancelled a number
of plants and still had a glut of capacity. With oil prices plun-aneting and with this glut of
generating capacity, one could hardly expect public enthusiasm for energy development of any
type. For example, the number of Americans who thought we needed to begin building new
nuclear plants dropped 18 points between July 1980 and July 1982, from 49% to 31%, and another
7 points by July of 1989. But that is only part of the story. From January 1982 to January 1989,
support for increasing use of coal fell 41%, from 77% to 36%. From October 1980 to October 1989,
support for expanding oil drilling slipped 33 points from 79% to 46%. And by the end of 1989,
only 24% thought that the electricity capacity in their area would not be sufficient for the next
ten years.
However, as I have tried to indicate, what was happening during this period, was that,
despite the fact that we had a surplus of capacity, electrical energy consumption was increasing, and doing so in parallel with the gross national product. During the period from 1973 to
1989, while non-electrical use declined by 5%, electrical use grew by 53%. The electric surplus
of the 1970s and 1980s is coming to an end; overall, in a large number of areas of the country, the
capacity margins were at or below about the 17% generally considered the minimum for reliable
service.
I might note that, by more than 2 to 1 Americans prefer using nuclear energy over imported
oil, and in fact Americans prefer self-reliance, using our own energy sources and nuclear in
particular over foreign sources of oil. What I am saying is that we are reaching a point now
where we are going to have to make some decisions, and we are going to have to decide as a
nation between new nuclear plants, new gas pipelines, new coal plants, and so on. This will be a
much different choice than we have had in the past, when one could say,
do not like any of
them," and it did not matter. My opinion is that, as the energy situation becomes clearer to the
American public, the first thing that I might say as we run out of capacity, is that my friends in
General Electric's gas turbine department are in heaven, selling gas turbines rapidly to meet the
short term electrical demand growth.
According to studies by the Department of Energy, toward the latter part of this decade,
we will have to add five or six baseload plants, and in the period from 2000 to 205, we are
going to need some sixty additional baseload plants. So in the next fifteen years we will need
some sixty-five or seventy baseload plants. One can argue over the accuracy of those numbers,
but tens of new baseload plants are going to be needed, and that means we are going to have to
start the design of these plants in the next few years to get them online by the end of the
century. I think there is going to be a change in attitude towards new plants. My view is that
when the American public is faced with the decision of what kind of new energy source they
need versus "do I let the lights dim?", that nuclear power will be one of their choices. We will
see as a result the revival of nuclear power - the water reactors in the near term, and I will
leave for later discussion the question of whether we will use breeders and gas-cooled reactors
for the longer term.
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I am very pleased to have the opportunity to participate in this conference, and I would
like to commend the MIT Program for Advanced Nuclear Power Studies for hosting it. I would
like to start with a bit of perspective that I think should be said, but which I do not need to
remind this group of, and that is that the U.S. nuclear industry has an unprecedented safety
record. Since the first nuclear power plants began operation thirty-three years ago, they have
recorded more than 1425 reactor-years of safe operation. Even the 1979 Three Mile Island accident caused no harm to the public, a fact again ecently confirmed. The nation's utilities have
made quantifiable advances based on lessons learned from the TMI accident in self-regulation
through the Institute for Nuclear Power Operations, through plant and personnel performance,
training and qualification, emergency response, maintenance, and radiation protection.
Nonetheless, there has not been a new nuclear plant ordered in the United States since
1978. For many years, little baseload generating capacity of any kind has been ordered by OUT
utilities as Dr. Wolfe just indicated. But the need for such orders is growing rapidly, and the
time to again consider new nuclear plant capacity is fast approaching. It appears that the
nation will need over 250 gigawatts of new electrical generating capacity in the next twenty
years, most of that between 1995 and 2010, even with greater conservation, if we are going to
support economic growth projections and national economic health. About 85% of this capacity
must be baseload generation. Nuclear, along with coal generating capacity will be required,
because most renewable energy sources, while they will and should be used to the maximum
extent they canare not used for baseload generation. Those that can be used for baseload generation are limited by site availability in a few regions of the country. For nuclear to play a substantial role in the next twenty years, orders would have to commence by the mid 1990s, and to
have a first new plant, most likely an advanced light water plant, operating by the year 200.
With that introduction, let me address the specific topic of my remarks today, that is,
what I see the public and utilities requiring to be willing to support new nuclear power plants,
and what the Department of Energy is doing to meet the requirements we perceive. First and
foremost, I think it is clear that a continuing record of safe operation of our existing nuclear
power plants will be essential for the acceptance of new plants. Beyond that, the Electric
Power Research Institute has established industry criteria for new reactor designs in its Utility
Requirements Documents. The utilities want plants designed to be even safer than current
plants, incorporating features that ensure a simpler, more robust and forgiving design. They
want the possibility of a severe accident reduced by a factor of ten over current designs, and
these plants to utilize natural safety features which minimize the need for operator actions
and sources of external emergency power. They want ALWRs to be competitive with other
alternatives like clean coal technology and the cost of power to be in the range of 65 mills per
kilowatt-hour. They want plant construction times to parallel their planning horizon needs,
about five to six years. They want standardized designs, and they want new pants to
incorporate lessons from operational plants, made easier to operate and maintain, and designed
for simplicity and modularization.
Utilities will also require significant progress in several institutional issues. They want
assurance of reasonable stability during the licensing process, assurance that a plant can operate without undue delay when ready for operation, and final resolution of safety issues before
large outlays for plant construction are required. They want legislation passed which will
codify the NRC licensing rule, limiting the potential for an unbounded pre-operational hearing
and assuring that emergency planning issues are resolved prior to plant construction. They want
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successful demonstration of the practicality of licensing process, including NRC certification of
advanced reactor designs and sites. Utilities Will equire a easonable Tate of return on
prudently-built plants, either a return to the traditional compact between utilities and regulators to provide a fair rate of return upon investments, or the establishment of new competitive
arrangements, under which IPPs could build plants and earn a return commensurate with their
success.
Utilities will require significant progress in characterizing the Yucca Mountain repository
site and the selection of an monitored retrievable storage site to allow interim waste storage by
1998.
Let me now turn to public requirements. A 1989 poll, very similar to the one Dr. Kadak
cited, found that 81% of Americans thought that nuclear power should play a somewhat, or
very important role in the future. This view was confirmed by DOE's public hearing process for
the National Energy Strategy and is reflected in our interim report. That report contains publicly identified goals for future nuclear power plants. The public wants exacting safety standards to be maintained in the design and operation of nuclear power plants and related fuel
cycle facilities. They want the technical capability to package, tansport, and dispose of spent
fuel and high level radioactive waste to be demonstrated in a timely, safe, and environmentally acceptable manner. They want to be sure that compliance with safety equirements is
assured in any changes to the licensing process. And they want efficient and cost-effective
operation of nuclear power plants.
The public has an opportunity to participate in various safety licensing processes appIicable to the design, siting, and construction of nuclear power plants. Ultimately, the support of
the public must be sought and obtained fr new nuclear power plants at the local level, where
such plants would operate. A major determinant in their decision will be the perception of
their locality's needs for new power sources. Energy has been low on the public agenda. This is
starting to change, and will change even more rapidly for electricity during the 1990S.
Also in the 1989 poll, when asked whether they would favor, oppose, or reserve judgement
on building a nuclear plant in their area, 59% of the respondents said they would reserve
judgement. 16% were in favor, 23% opposed, but 59% said they would reserve judgement. Thus, I
think that the vast central majority of our people have an open mind and will make decisions
based on progress made in achieving the programs and goals I have just mentioned and on
consideration of the alternatives available at the time new capacity is needed, with a strong
emphasis on environmental protection and an effective dialogue with those who must provide
such capacity.
The Department of Energy is supporting a number of programs directed at improving
nuclear power's ability to compete by the mid 1990s in providing some of what will be urgently
needed new baseload capacity, and at meeting both utility requirements and public goals. More
specifically, we are co-funding demonstration by 1993 of the process for life extension of current
nuclear plants. We are supporting the development of new ALWR designs which rely more on
methods such as natural circulation, gravity, reduced power density, or the characteristics of
materials, rather than engineered systems to provide safety. These designs will meet the
criteria set forth in EPRI's Utility Requirements Documents. We have established a costsharing program to demonstrate the success of the nuclear plant standardization and licensing
process by obtaining NRC certification by 1992 or 1993 of two evolutionary 130OMWe ALWR
designs. We are also cost-sharing a program to certify by 1995 passively safe 60OMWe ALWRs
employing more natural safety features and modular construction. These programs will involve
a rule-making hearing process. We are supporting the development and possible certification
early in the next century of modular high temperature gas reactor and advanced liquid metal
reactor plant designs. We are planning to demonstrate the early site approval licensing process
through a cost-sharing arrangement with the private sector by 1995.
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In developing the National Energy Strategy, we are examining the issue of a fully
satisfactory regulatory process, including the possibility of legislation codifying 10 CFR Part
52, limiting the possible delays associated with a potential second hearing and dealing with
emergency planning issues before start of construction. We recently announced a restructured
plan to develop a permanent waste repository by 2010. By 1995 we expect to have made
significant progress in evaluating the suitability of Yucca Mountain. We expect to have
selected a monitored retrievable storage site and submitted a license application to the NRC,
pointing toward first operation of an MRS facility in 1998. Also on the waste front, we are
beginning to study recycling of actinides in spent nuclear fuel to possibly benefit future long-term
nuclear waste anagement. We will encourage and support an effective dialogue with the
public on the benefits and risks of nuclear power relative to other alternatives.
In sum, our overall views on nuclear power will be provided in the National Energy
Strategy, which will be approved by President Bush. Let me clear up the concern about the
word "options.' I think in Washington, it happens to be the style that you present options to
your president or to your leader, for him to choose and make decisions regarding which way to
go. The final National Energy Strategy, after it has been detern-dned by President Bush, will
definitely have endorsements and decisions on various technologies, but options will be
presented to him for his decisions.
Let me conclude by saying that, if we can achieve all the things I have just been describing
I am confident that the nuclear option can be restored to viability before the end of this decade.
My personal objective is to have the first nuclear plant operational by the year 200. believe
that challenge can be met if the institutions involved do their jobs and communicate effectively
with the public.
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NUCLEAR POWER PUBLIC AND UTILITY ACCEPTANCE ISSUES
IN THE UNITED STATES
DISCUSSION
The opening cussion of this session focused on the subject of risk and how it is viewed by
corporations in general. It was noted by one of the participants that we are seeing a change in
attitude on the part of arge corporations as a result of several accidents in which it was
recognized that a severe accident can place at risk the investment of the entire company, not
merely that of the affected power plant. Consequently, we see companies saying they will not
buy a new nuclear power plant unless it can be proven safe to them. They are defining what
constitutes an acceptable level of engineering and safety, going beyond the standards of the
Environmental Protection Agency (EPA) or state regulatory groups. They are now thinking
about what the finance officer says is an acceptable risk and the chances of the members of the
boarxi of directors being sued.
It was recommended that the nuclear power industry should look at the chemical industry
for relevant trends, especially concerning how decisions are made concerning active versus
passive safety features in light of the issue of liability. On the other hand, it was pointed out
that it will be difficult to anticipate how the utilities will handle financial risks, considering
that no plants have been sold in the last decade.
One of the Japanese participants related that there is little incentive in Japan for
developing advanced reactors based upon concepts different from LWRs, as their current,
conventionally-designed WRs enjoy very good operational records. Nevertheless, he went on
to state that he and his company deem it important to develop a simpler, sen-d-passively safe
LWR for the future. The current good operational and safety records of LWRs are the result of
maintaining high quality with well-tTained operators and maintenance engineers, and of
insisting on good quality assurance. They find it desirable to have as an option an economical
reactor system in which safety and reliability are maintained without as much reliance upon
the plant staff as is now typical, due to the fact that the staff can be expected to be under considerable stress in an accident environment.
Two additional reasons cited for the development of a simpler, safer reactor were the
benefits to worldwide environmental protection and the possibility of opening the door for
underdeveloped countries to utilize nuclear power for electricity generation. He noted that his
company is currently conducting developmental research on a semi-passively safe BWR and
PWR in conjunction with United States reactor manufacturers. The project is focusing on reactors
in the 60OMWe neighborhood, but it is anticipated that some of their findings would also be
applicable to larger reactors using semi-passive safety systems.
One participant addressed the concept of demonstrating the safety of new reactors by test,
pointing out that the United States has an operating reactor, the Experimental Breeder Reactor
11 (EBR-11), based on the same design as the current DOE design for a liquid metal-cooled
reactor (LMR). The EBR-11 was put through two of the potentially most damaging accident
scenarios, the loss of coolant flow and the loss of reactor heat sink. In both cases the reactor
came to a stable state safely without operator intervention. It was asked of Dr. Beyea if that
were the type of test he would require in order to prove the safety of future reactors. His
response was that tests like that are indeed what is needed to answer questions about whether
the reactor's safety systems really work. One should start with a small reactor and then push
it toward failure in refining its dsign. One could perform a series of tests to be presented on
television or with a great deal of public attention to demonstrate the safety of advanced
reactors to the nuclear power industry, the skeptics, and the general public.
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This session was devoted to issues concerning the public acceptance of nuclear power, and a
great deal of the discussion centered around acceptance of nuclear power by the American
public. Vastly differing quotes were offered concerning the percentage of the population of the
United States in favor of the use of nuclear power. As one participant noted, certainty in the
wording of the polls used to produce these figures is paramount to an understanding of their
significance. In particular, the question was raised whether the source cited by Dr. Kadak and
Mr. Young in their papers had stated that approximately 80% of those polled responded that
nuclear power should or would play an important part in the future United States energy
strategy. Dr. Kadak clarified the matter by quoting from a July 1989 survey by Telemation
Market Facts, Inc., which stated that 81% said nuclear power should play an important part in
the national energy strategy, with 50% saying it should play a very important part. The
participant then concluded that one can not have a fully successful technology, particularly a
very resource-intensive technology, such as nuclear power, in the United States if even as few as
30% of the population are strongly opposed to it.
Dr. Beyea concurred, quoting figures of 20-30% fairly strongly in favor of nuclear power and
20-30% very much against it, with 40-60% in the middle. He pointed out that to build a plant
it must be sited somewhere, and to do that with even 10% of the people being implacably
opposed, the poject will prove to be virtually impossible to complete. He referred to the
current situation with waste incinerators, where public opposition is creating great difficulty in
siting them.
The hetorical question was asked that if 80% of the population is in favor of nuclear
power, why can we not get politicians to like it, people like Governors Dukakis and Cuomo, and
Senator Gore? Mr. Young replied there are many politicians who have spoken in favor of
nuclear power and were still elected, but we have not yet seen a need to make definitive
decisions concerning the use of nuclear power. He pointed out, however, that we are starting to
see support in the Congress for an expansion of nuclear power as a result of the recognition of the
impending need for new electrical power generating capacity, and of concerns for the economic
health of the nation and fr the protection of the environment as a result of global wan-ning In
addition, Dr. Kadak quoted Senator Simpson of Wyoming as describing the passage of the
Clean Air Act as the most pro-nuclear legislation since the Atomic Energy Act of 1954.
As with the other conference sessions, there was a great deal of discussion of the actions of
the Nuclear Regulatory Commission (NRC) and how it has affected people's perception of the
industry. One participant addressed the statement in Dr. Beyea's paper concerning the
perception that the NRC is not an independent agency in its regulation of the nuclear power
industry. The participant stated that there is continuing and deep oversight by the NRC
regarding nuclear power plant design and operations. The NRC has five appointed
Commissioners and rules it operates by, acting in the public as requiring that governmental
activities be conducted in public and through legislation such as the Freedom of Information
Act. In addition, the NRC is overseen by nearly twenty committees and sub-committees in the
United States Senate and House of Representatives (which, this participant asserted, may be
part of the problem). He compared this situation to that of to the Federal Aviation
Administration, which has a single administrator, where most of its actions are not taken in
public due to proprietary reasons, and which has the responsibility of promoting air travel as
well as maintaining safety. In view of all this, the participant asked what actions the nuclear
power industry might take to change public perception about its independence in nuclear safety
regulation.
The response was that one must trace the situation to its roots in order to find out what it
was that led the public to its current negative perception. As an example, it was pointed out
that any effort on the part of the NRC to advance the issue of one-step licensing will look bad
in the public's view because the public wants to see the regulatory commission making life
difficult for the utilities.
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In response to a question concerning anticipated public attitude toward one-step licensing,
Mr. Young clarified that in his paper he was referring to the public's observations on the
overall change to 10 CFR Part 52, and what ight be done subsequent to that. He cited three
aspects of the regulatory process that must be addressed in conjunction with movement toward a
one-step licensing process: (1) codifying into law an existing practice of more efficient licensing
which does not change, 2) addressing emergency planning issues more effectively, and 3)
planning for some types of public hearing at completion of construction, prior to issuance of an
operating license, but in a way not allowing for an effective veto of operation for political
reasons. If one-step licensing were put into legislation, the public's interest would have to be
protected by the rigor and integrity of the inspection and acceptance criteria. The process must
be structured such that any actions taken during construction could be seen clearly to be correct
and anticipated; this aspect of the process must be very carefully explained to the public. It
must be capable of being shown that any limitations that might be placed upon additional
license challenges on a one-step hearing would be intended to avoid having long delays in
licensing arising fr procedural reasons, not for safety and substantive reasons.
On an interesting note, D Kadak described a poll taken by Yankee Atomic Power
Company in conjunction with a 1988 referendum in Massachusetts in which there was a vote
over whether to shut down both the Pilgrim and Yankee nuclear power plants. The survey
results showed the credibility of the NRC to be 60-70%, possibly higher. (it would have been
most interesting and informative to have polled the same people prior to the issue of possible
shutdown of the power plants.) Dr. Kadak went on the say that his impression is that the
public generally thinks the NRC is doing a good job, despite the view of the Conference
participants, and that the Conference participants ae equally as prone to n-dsperceptions about
the public as the public is about the NRC. He pointed out that the public esponds to such
things as newspaper articles reading, 'The Pilgrim plant is shut down and will not be allowed
to start up until.... Dr. Kadak concluded with the question, 'Are we going to do what is right
and defend it, or are we going to do what looks good?'
The discussion can best be summarized in the following three viewpoints:
Dr. Wolfe: "From my various personal contacts with the public on the issue of nuclear
power, I have observed that you can talk to the public and describe nuclear power technology,
tell them the pros and cons, and most people will be reassured by this. However, they continue
to feel that we do not need it now, so they can ignore the question of whether it should be ued.
The key to the public debate is that you can frighten people about anything until they perceive
a need. To the present, there has been no basic need for an increase in electricity production
capacity since 1973. We will see that change soon. As we do, the public will have to make
decisions on whether they want coal, nuclear, imported oil, dim lights, or what. I think that
we will find the public in favor of nuclear power when they perceive the need. And if I read
the power growth trends correctly, the time when that will happen is not too many years
away."
Dr. Beyea: 'I read it that there are about 20% to 30% of the population fairly strongly in
support of nuclear power, 20 to 30% strongly opposed to it, with 40% to 60% in the middle.
However, to build a plant you have to site it somewhere. In the United States, if you have
even 10% of the people intensely opposed to the facility, it will be very difficult to site it. You
can see this with incinerators. We are now going to be moving mostly away from the use of
incinerators because of public oncern. I think people will accept siting natural gas fueled power
plants. The argument against this will be that we will get ourselves into a financial bind with
them, and that ultimately we will pay more for electric energy. Coming from the nuclear
industry, arguments about what is going to be cheaper just will not sell. If we do see increased
electricaldemandoverthe nextdecadelseeitbeingmetbynaturalgasconsumpfion.Also,ldo
not think the past projections of demand growth by the DOE and the electrical industry have
been very accurate."
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One participant addressing the possibility of changing public perception through
demonstration of safety by test: "Dr. Beyea had good points regarding trust and credibility.
Performing a demonstration of safety leading to public acceptance is much easier said than
done. It i far easier to demonstrate managerial incompetence and risk in this arena than to
demonstrate safety. Any single adverse event can obliterate trust and confidence and
credibility. To repair such a loss could take hundreds or thousands of beneficial events, if they
were even noticed by the public. To operate a plant safely for a day is a non-event that will not
draw public notice. There is something fundamental in the world that works to reduce trust
unless we have very strong countervailing forces. It is interesting to look at the casks designed
to hold high level nuclear waste in transport. You can demonstrate their safety by running one
at high speed into a wall, but such tests have done little to change rninds among the public
about the safety of transporting high level waste. Any failure in any reactor anywhere in all
the world counts against all nuclear power activities. Even failure in high tech systems that
have nothing to do with nuclear power, such as Bhopal or the Challenger, affect nuclear power
in that they are seen as failure of high tech managers to manage high tech systems safely."
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RAPPORTEUR SUMMARY

At the end of Session 3 Prof. Neil E. Todreas, serving as the Conference Rapporteur, made
his first summary of the themes of the meeting to that point:
"In the discussion between Prof. Golay and Mr. Sholly, Mr. Sholly put up a list of criteria,
saying if these criteria were met, he would be ready to start to accept more nuclear power use.
When pressed to clarify the criteria, to amplify them, to agree to abide by them, he was tentative. He admitted the need to evaluate and tighten the criteria and to have a dialogue. I
noted that the first criterion was based on Probabilistic Safety Analysis
SA), which is in
some variance with what other nuclear power critics were saying might ultimately be acceptable. For them, acceptance criteria ae for use at the public level, whereas PSA is for use among
technologists for evaluating isk which may be acceptable. Later, a utility participant broadened this list by including a demand for a reactor design that does not require evacuation. That
demand tightens the list technically; it also has major technical implications relative to the
public.
"Then a senior observer of the nuclear scene moved us away from the technical list to a
more complete list and into the big picture by involving the nuclear critics in a dialogue concerning items needing to be considered and inevitably resolved before nuclear power would enjoy a
resurgence. Three points emerged. here has been much discussion concerning public credibility
in the NRC. I found the negative sense of the public perception of the NRC to be surprising. Dr.
Kadak quoted polls showing 60% approval of the NRC, and other discussion tok
that value
down as low as 10%. There appears to be a major disagreement here. Two sub-points were made
in this part of the discussion. It was pointed out that the NRC Safety Goal statement does not
have to go fther

than the NRC statutory limits beyond what the Commission thinks is

adequate for the health and safety of the public.

Perhaps the Safety Goals will be adequate

for gaining public acceptance, but in any case a utility may desire to build a much safer plant.
But it is not the NRC's responsibility to go beyond their mandate. That was stated.
"Another point was raised on how firm are the regulations over the lifetime of this next
generation of reactors. This discussion brought out the real need for a full design review, which
seems to call for much more design being performed initially by the reactor vendors than has
been typical.

The need was also noted for more openness initially in the safety review process

as these designs are made public. This situation creates a strong press on the NRC staff to make
a thorough review, reaching sound conclusions to present to the NRC Commissioners.
"The second point under this broadened list of requirements is that for demonstration of
safety by tests. The question was raised of what is going to constitute a sufficient series of tests?
Will the tests be econon-dcally and technically possible to perform, for what size of reactor, and
for what range of tests?

A large set of technical questions was identified

which remain

unanswered.
"Concerning public acceptance of nuclear power, I would like to substitute the word
consensus" for "acceptance." Acceptance implies asking the public to accept something without
considering the alternatives or consequences.

Dr. Kadak's discussion of a national energy plan

brings up the concept of alternatives and tradeoffs.

In

this context we can really engage in

debate and understanding of the public and its mood, as the public, along with us, is forced to
consider energy and nuclear in terms of the alternatives, and in terms of 'if not A, then what is
BT

We know that all choices carry risk, so there will have to be a consensus.
"Concerning safety and economics, speakers who were referring to Prof. Golay's discussion

on safety and economics were at the phase of considering evolutionary plants (namely large
60OMWe passive designs), in which they are striving to achieve economic performance that is
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currently provided by large (i.e., 120OMWe) WRs. They believe they are achieving safety
and at somewhat higher levels than existing plants. So the designers think that they are
handling both sets of goals equally well, without conflict. Perhaps they are right. The test of
this will come as one goes down to smaller plants where a large economic burden is embraced in
order to gain the safety of passive beat dissipation. Why go down to smaller sizes? If we
engage in a debate of criteria, then we take criteria imposed consistently by the critical elite,
and try to meet them as technologists, we can be driven to seriously consider reactor concepts
smaller in power than 60OMWe, depending on what the criteria are. Thus, we have the gas and
liquid metal-cooled concept at 15OMWe.
"The question was raised as to whether the passively safe approach is really the right
direction for technology development. This is a discussion that needs to be pursued. Notably,
active systems are already being applied extensively to non-nuclear technologies that are
widely accepted. So, there appears to be no unusual debate between the acceptability of active
and passive technologies. I think in all of our designs, that we will eventually use a n-dx of
approaches. Dr. Wolfe suggested a technological progression focused upon large evolutionary
plants with later incorporation of passive safety features. Concerning plants using passive
safety features, some new thinking will occur, if not from the standpoint of public health and
safety, at least focused upon utility investment protection, asking whether selective use of
active systems might not be valuable.
"Concerning discussion of modularization and standardization, the salient point is that
the economics depend a lot on where you are on the modular learning curve. To have significant
benefits, one requires production rates between 6 and 10 units per year. However, it is more
likely that we will not be close to this goal in construction of actual plants. I doubt that we will
build as few as one module per year, but we will not be likely to be producing many more. We
must keep such prospects in n-dnd when we consider the economics of future plants.
"An important aspect of this morning's discussion is that we are opening a dialogue. The
written positions of different interest groups look very harsh and inflexible. Now with
dialogue developing, the potentially acceptable positions look more flexible. Openness in this
process is the key to success."
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INTRODUCTION
Session 4 - Nuclear Power Public and Utility Acceptance in Some Other
Countries
The purpose of this session is to present a set of contrasting views of the nuclear power
situation of other countries. This is done in order to broaden the understanding of how different
societies will treat similar issues, and to provide a context in which to consider the treatment of
nuclear power in the United States.
The session consisted of a panel discussion, with presentations by the panelists and a
subsequent general discussion. he panelists were:
• Mr. Junnosuke Kishida, of the Japan Research Institute, Ltd. Mr. Kishida is a former
Senior Editor of Asahi Shimbun, the largest circulation newspaper of Japan, and has
written extensively concerning nuclear power issues in the Japanese context.
• Dr. Chang Saeng Rim, President of the Second Korea Atomic Energy Research Institute.
Dr. Rim is an important leader of the nuclear power enterprise of Korea and has
extensive experience concerning nuclear power plant technology in both Korea and the
United States.
• Dr. Giampiero Santarossa, Director of Advanced Reactor System Evaluation in ENEA,
the Commission for Nuclear and Alternative Energy Sources in Italy. In this role his
work is important in judging the acceptability of advanced nuclear power concepts
which may be advanced by the Italian nuclear energy industry as it aempts to respond
to the judgments of referenda which have shut-down all of the Italian nuclear power
plants.
• Dr. Anselm Schaefer, with responsibilities for advanced reactor safety in the
GeselIschaft ffir Reaktorsicherheit of Germany. In this work he is responsible for
evaluation of the safety of advanced reactor concepts which may be introduced within
Germany.
The presentations of the panelists differed substantially, reflecting the differing
situations of their countries. In the paper concerning Korea the theme was one of vigorously
growing use of nuclear power technology - keeping pace with growth of the Korean economy,
with a plan for new efforts being mounted to develop an indigenous advanced reactor concept.
The paper concerning Japan reflected a situation of heavy reliance upon nuclear power plants,
but with unease. The papers addressing both the Italian and German situations described
impasses, where public anxiety concerning nuclear technology has been sufficiently strong to
stop further expansion. In Italy it has caused a retreat to a nuclear-free eergy economy.
The subsequent discussion tended to focus upon the situation of the United States, but in
light of the international pesentations.
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NUCLEAR POWER IN GERMANY
Anselm Schaefer

I want to give some ideas on the situation of public and utility acceptance of nuclear power
in the Federal Republic of Germany and perhaps a little bit on Europe. Let me start with public
perception. I think in Germany we have a general trend in the public perception of technology
during the last decade that has been investigated in a systematic manner in a recent study. It is
clear that the general acceptance of technology decreased substantially during the last twenty
years. We can also observe during this time that aspects of the benefits of technology are much
less reported in the media, that most reporting by the media now is related to the consequences
of technologies, such as negative environmental consequences. hat development has led to a
general opposition against new technological projects, in particular unusual and large. That
trend is related not only to nuclear power, we see it also for new airports, trains, coal-fired
plants. here is almost no new technological project in Germany where there is not very strong
opposition against it, at least locally.
At the same time, the study which I mentioned reveals that the influence of the media is
very strong where no personal experience is available in the population. For instance concerning
car traffic safety, people have personal experience, so the perception of risk of car traffic is not
so influenced by the media. However, where very limited personal experience is available,
the reporting of the media has a large influence on the perception of that technology and the
risk. We also see a considerable delay in the topics which the media addresses and what is
currently happening. An example would be the case of our high effluvia] pollution from about
ten or fifteen years ago, which the media reported much later, when the rate of real pollution
was already decreasing. For a long time we had a problem with acid rain, and the media
reporting on it was rather late. It is essential to familiarize the people with technology, with
what goes on behind the walls of a plant. For instance, the French have a system where people
can access with their home computers relevant data about incidents in the plant, about what is
happening inside.
What is the current public opinion concerning nuclear power? Nuclear power certainly
received a big shock after Chernobyl, but actually, about two thirds of the German population
wants to keep the operating plants running. Some people want to phase the plants out as they
reach the end-of-life, some want to substitute newer nuclear technology, and a smaller part
want to increase the use of nuclear power. But only a minority of the German public would
really like to abandon nuclear energy.
The perception of risk is very important in that respect. We have had an interesting study
of risk perceptions in the European community. The outcome was that the perception of risk was
not very much different in the various countries, despite the variation in the violence of the
anti-nuclear opposition. For instance, the French perceived the risks of the plants in much the
same way as the German people, but reacted much less violently in opposition. These analyses
also show that the risks are not understood by the public. I think that is a very important
point. The polls included simple questions concerning the dose and associated risk to which
various activities expose people, ranging from low dose/low risk to high dose/high risk (the
former being perhaps not well understood even by the scientific community, and much less by
the public). A typical question in the poll asked which would give a higher radiation exposure, living near a nuclear power plant or taking a long holiday in the mountains. The results
showed that the perception of those doses received was complete nonsense. The real ranking of
radiation risks is not perceived well by the people in all countries of the European community.
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There was another poll long after Chernobyl, about the risk of Chernobyl for the Federal
Republic of Germany. The question was asked: How many people were killed by Chernoby in
the Federal Republic of Germany? Answers ranged from zero to over one hundred thousand people, with roughly an equal distribution of answers across the spectrum. That means that accurate knowledge about the risks of Chernobyl was almost non-existent in the general population.
That lack of knowledge has led to a perception of incidents which is not related to the actual
safety relevance. For instance, the THTR, which is, from the point of view of our earlier discussion, an almost inherently safe reactor, had a relatively minor incident. However, there
occurred a very strong public reaction, which finally led to shutdown of the plant. Another example is that of a very small Berlin research reactor to be used for physics and medical studies.
There is a very strong reaction against it, and it is still not completely clear if that reactor can
be commissioned to operate. This is a point related also to the question also of small versus
large nuclear power plants. As the public eacts essentially the same way if a minor incident
happens in a small plant or a more serious incident in a large plant, we should ask ourselves if
the difference in plant size and number are important with regard to public acceptance.
Since Chernobyl, the level of political controversy concerning nuclear power has increased
greatly. The Socialist Democratic Party, which had been pro-nuclear, changed its mind and is
now very strongly anti-nuclear. However, during the last few years, we have had some rethinking related to the environmental aspects of energy. The German parliament commissioned
a study of global warming, with the conclusion that a reassessment of the nuclear topic was
needed. This study agreed with other international commissions on the same topic. That was
remarkable because not only the government supported that idea, but the other political
parties did also.
An important point for Germany is that women are becoming More important in litical
decisions. 53% of voters are women, and the nuclear engineering is, as we see here at the conference, almost completely a male-dominated technology. So the support from the important
female part of the population is much smaller than support from the male population.
The credibility of organizations also has been a very important issue. A few years after
Chernobyl, we had a bribery affair in the firm TransNuclear. Later polls showed that,
although this affair was not safety-related, the incident had roughly as much adverse effect
on public opinion as Chernobyl.
Another consideration that is always discussed, as in other countries, is waste disposal
and issues related to decommissioning. Without significant progress in these areas, it will be
difficult to change public opinion to accept nuclear power.
After Chernobyl, we had much re-thinking about how safe is safe enough in OUT reactors.
This re-thinking has taken into account the fact that when looking at safety we cannot look at
only one power plant, because the consequences of an accident are worldwide. So we have to
look at 500 power plants in the world, erhaps more if nuclear energy is needed further.
Looking at the expected core damage frequency in the plants, we see that with current technology it would be hard to go much below 1-5 per reactor year. So, we see that we need additional
protection, that we need some mitigation of accident independent of the core damage frequency,
and also reduction of the uncertainties in the prevention of accidents. That requirement is put in
the political space now that future reactors will require some additional protection in order to
mitigate severe core damage accidents. That is one aspect that we should not forget in the
discussion of evolutionary or revolutionary designs.
Now we come to the utility acceptance of nuclear power. We have to note a difference
between the old Federal Republic of Germany and the eastern part of Germany. In the western
part, I think economics is not really an important aspect affecting the acceptance by the utilities. Those power plants which had no legal problems (I mean court decisions interdicting
construction, and so on) are very competitive in electricity production in our markets.

4-3

Naturally, that result is related to the high price of our coal. However, in any case nuclear
power provides one of the cheapest ways to generate electricity in Germany. There were naturally some problems with court interdictions of nuclear power. A well-known example concerns
the prototype fast breeder reactor, for which it is very doubtful that it will go in operation.
Another problem concerned the thorium high temperature reactor (THTR), and more recently,
the Muelheim-KaeTlich 130OMWe PWR plant which was also shut down due to court decisions.
But those examples did not concern safety problems, but rather involved unsatisfactory
economics.
Due to the public opposition to new technological projects, the problem of siting is very
difficult in a country as densely populated as Germany. That means if we use those few plant
sites which we will have in the future, it will be easier to build large plants than to try to find
sites for three or four smaller plants to generate the same electricity. This means that there is
certainly not in the utility opinion a preference for sall reactors. More recently the issue of
utility acceptance of nuclear power in the eastern part of Germany has become very important.
We have the fur old Soviet-designed VVER plants, three of which have now been shut down
and the fourth will be closed in the near future. There are also some other plants of Russian
design under construction, one in commissioning and five under construction.
The utilities are not particularly eager to take over the problems of these reactors. The
West German utilities who have taken over the electrical supply of the Eastern German
population have not taken over their nuclear power plants. The main reasons for this are the
unclear situations of the costs of decommissioning, the feasibilities of continuing construction
and the demands to make back-fits in the plants.
Legal problems are also very important. In Eastern Europe, there have been very different
technical norms and rules than in the Western part. So with the Te-unification of the two
Germanies, the West German laws are now valid in the former East Germany, so reconstruction
and back-fits will have to be done according to the rules which are valid in the western part.
Thus, there is a question of whether the German utilities can take the isks to invest in these
Soviet plants. That I think is our most important problem.
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NUCLEAR POWER IN JAPAN
Junnosuke Kishida

ATTITUDES TOWARD NUCLEAR ENERGY IN OPINION POLLS
The Japanese movement against nuclear energy reached a climax in its upsurge in 1988 two
years after the Chernobyl accident. At the outset of that year, this trend was triggered by the
government acknowledgement that the Tokyo market was open to foods contaminated by the
fallout from Chernobyl. Anti-nuclear activists played an agitating role and many housewives
were persuaded to join them.
Among many public opinion surveys conducted at that time by newspapers and broadcasting networks, I would like to give you some figures of results from the poll carried out by
NHK:
Sixty percent of respondents said that nuclear power "should be promoted," either
"vigorously" 7
or "carefully" 53%). Sixty-six percent doubted the "safety of
nuclear power," describing it as either "very dangerous" 20%) or "rather dangerous'
(46%). Only 27% said it was "safe." In other words, those who acknowledged the
need for nuclear power were almost equal in number with those who found it dangerous.
What should these figures be taken to mean? I would take note of the fact that nearly
two-thirds of valid responses were in favor of nuclear power even at the time when public
opinion eacted most strongly to the impact of the Chernobyl accident. This apparently
indicates that the majority of the Japanese people are of the opinion that they would "promote
nuclear power though it is dangerous" or that they would "promote it, but with the understanding that it is dangerous."
But the anti-nuclear movement is continuing. It remains a headache for both the
government and the electric utilities. But we can regard the anti-nuclear movement in Japan as
not so serious as that faced by other industrial nations.
The Advisory Committee for Energy, of the Agency of Nuclear Resources and Energy, MITI,
in June, 1990 published a final report on its "outlook for long-term supply and demand."
Installed capacity for nuclear power would be increased, according to the report, from the
present 30-38 thousand MW to 50.5 thousand MW by the year 2000, and to 72.5 thousand M by
2010 - more than two-fold in twenty years; but experience shows that it will be impossible to
reach this target. Nevertheless, there is no doubt that installed capacity will continue to be
built up as it has been, and the share of nuclear power in the total energy supply will steadily
increase from the present 9%.
So Japan can predict a rather more favorable future for nuclear energy than in most other
countries. There seem to be three reasons for this.
First, Japan imports from other countries 90% of its energy requirements (almost 100% of its
oil requirements). Many people feel the need to increase their dependence on technologyintensive energy," making full use of new energy technology, with nuclear power as one of the
most important options among technology-intensive energies for the time being.
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Second, the apidly gwing technological capabilities of Japan have pushed it to the
rank of countries with the highest level of technology in the world. So the idea has come to
quite a few people that Japan can and must play a leading ole in the development of advanced
technologies, including nuclear energy.
Third, some figures show that Japan has already established an outstanding record in the
operation of nuclear power plants. The capacity factor, for example, has been kept at not less
than 70% in every year since 1982. Compared with other countries, Japan has had its nuclear
power plants developing strikingly fewer faults and troubles, with a much lower average frequency of shutdown.
Apparently, conditions are favorable to allow somewhat optimistic views on public
acceptance of nuclear energy.
ELEMENTS FOR PUBLIC ACCEPTANCE
However, nuclear energy may not unconditionally gain public acceptance. The public
understanding of nuclear power, as indicated by the foregoing sampling of public opinion, is
that it 'should be promoted, but not without reservations" People will say, 'Yes, but
and
many provisions will follow the word "but."
Public acceptance of nuclear power in Japan depends largely on the following factors:
1.

Building Up Records of Safe 01Nration

What is of essential importance is to kep Operating the facilities as planned, without
incident or malfunction, to set a long record of safe operation. It is also essential that the
percentage of nuclear power should be steadily increased with each year. Concerning these
points, as we have said, Japanese nuclear power plants have made a rather good showing.
Anything that casts a shadow on the record of these achievements will immediately cause
people to have second thoughts about accepting nuclear energy. A recent case in point is the
fault that was found in January, 1989 in the recirculation pump of Unit 3 of Tokyo Electric Power
Co.'s Fukushima 11 nuclear power plant. Great care had to be taken in removing 30kg of metal
that had gone to pieces scattered inside the reactor. It was not until July that investigators
from the Agency of Natural Resources and Energy permitted the company to resume operation of
the reactor. But no agreement has yet been eached with the local people, leaving the reactor
shut down for one year and nine months.
2.

No Maior Accidents over the Borders

The Chernobyl nuclear power plant accident brought a new, srious phase in the problem of
public acceptance. No matter how one country builds up records of careful operation, a major
accident in another country will jeopardize all public confidence in nuclear safety, the more so if
the accident causes an outflow of radioactivity to go abroad. The Chernobyl accident left no
doubt about this fatal potentiality inherent in the technology of nuclear energy.
This means that in order t aSSUTe public acceptance, cooperation with other countries in
ensuring the safe operation of nuclear reactors is essential. But it is no easy task to establish
how an advanced country can offer its technical services and contribute to the safety of nuclear
power plants constructed and operated in other countries.
Each nation has its sovereign rights, and its pride, too. How far can others go, with all
deference, in extending appropriate and timely cooperation to other countries that need it?
How will the International Atomic Energy Agency (IAEA) and the World Association of
Nuclear Operators (WANO) play their respective roles in assuring the safety of increasing
numbers of nuclear power plants?
Convincing answers to these questions have not yet been given.
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I

Maturing Nuclear Technology System

In the strict sense, nuclear technology remains incomplete in many of its sections, for it to be
built up to a perfect state. Further research and development efforts toward its maturity will
be essential for its public acceptance.
World uranium resources are estimated at 13 - 104 Q. Fossil fuels, including coal, oil and
natural gas, come to an equal amount. But unless U-238 is changed into plutonium for use as an
energy source, the amount of uranium is only one-hundredth or less of the above figure, equal to
no more than the amount of oil resources.
That is why Japan intends to develop plutonium utilization techniques that will help
establish a system of technology for the full use of uranium resources. But it will take many
more years for this technique to be perfected. Back-end techniques, especially for the
management and disposal of high level wastes, have yet to be perfected.
Uncertainties about the outlook for the development of this downstream of the technology
system encourage anti-nuclear activists to push their movement and discourage other citizens
from agreeing to accept nuclear energy. A "freeze" on the projected construction of a Japanese
commercial reprocessing plant (with a capacity of 800 tons a year) at Rokkashomura, Aomori
Prefecture, has been promised by the new village head elected after his predecessor was
defeated toward the end of 1989. Plans for the construction of a "Storage Engineering Center" at
Horonobe, Hokkaido northern Japan), designed for research and development on the geological
disposal of high level wastes are at a deadlock, being opposed by the local people.
The technical development of fast neutron and fast breeder reactors should be promoted,
along with the development of back-end technologies, including reprocessing, so that fuel cycle
technology can be completed. This could dissipate all the doubts of both Japanese and foreign
people about the future of technology for the peaceful utilization of nuclear energy. I should
think this very effort and its attainment will become a conclusive factor in public acceptance.
4.

Nuclear Power in a Diverse Range of Energy Sources

Nuclear power is a 'technology-intensive energy" source, deriving benefits from advanced
technology, and comes within a diverse range of energy sources intended for mankind's
sustainable development. In other words, when seen both medium and long term, it may be
necessary to hold firm to the position that solar energy and other renewable energy
technologies should be developed along with it.
To be able to use solar energy under present conditions is more difficult than for nuclear
energy, but that is another important aspect in the development of "technology-intensive
energy" sources. Sufficient means should also be provided and more efforts made to promote its
research and development.
Quite a few engineers involved in the development of nuclear technology have pointed out
the difficulty of promoting the development of solar energy technology. They argue that
nuclear energy should have priority. But many Japanese interests involved are coming to the
conclusion that solar energy should be developed also.
5.

Nuclear Energy Limited to "Peaceful Uses"

It is essential to draw the line between the peaceful and the military uses of nuclear
energy and make sure that there is no possibility of its diversion to military purposes.
Nuclear energy is strictly limited to peaceful uses in Japan under the provisions of Article 2
of the Atomic Energy Basic Law. Of course, this country is party to the Nuclear NonProliferation Treaty. In accordance with this treaty, all Japanese nuclear installations are
under the application of IAEA safeguards.
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Notwithstanding this, nuclear weapons and nuclear power plants are apt to be considered
as linked, in many cases when opponents move against them in Japan and in other countries.
If we are to win public acceptance for nuclear energy, it is desirable that we offer more
clarification on our commitment to non-military purposes and contribute toward further
improvements and greater efficiency in the application of safeguards. We should also make
greater political efforts, such as for an expanded and strengthened regime of nuclear nonproliferation.
6.

Making Nuclear Administration Reliable

Nuclear energy started with military uses. That is why any government trying to make
sure of its peaceful uses from both the national and international points of view must keep it
under stricter control and supervision than for other energy sources.
Public acceptance depends largely on whether or not the government is convincing enough
for the public to put confidence in the nuclear administration.
In fact, there have ben cases where administration officials have created the impression
that they should press ahead with a nuclear program that Wre to end in failure, no one would
be held responsible for it. Fresh in our memories in particular is the "Mutsu" development project. The nuclear-powered ship developed a radiation leak during its first sea trial involving a
power increase and carried out in defiance of the local people's opposition in the autumn of
1974. For all that, there were few alterations in the policy of pushing the project. This
resulted in considerable lack of public confidence in the administration. Many people were led
to feel that they could not accept any nuclear Project if it was promoted by such administrative
organizations as they had come to know.
7.

Constant Self-Discipline among Electric Utilities, etc.

Electric utility companies and other private nuclear-TClated organizations are ready to
cooperate in ways consistent with government policy. This may be quite in the nature of things
because they are expected to be responsible for the electric power supply. However, the close
ties between the electric utilities and the government could be taken as a form of the illicit
government-bureaucrat-industry alliance that so irritates nuclear opponents. They could also
be offended by the somewhat self-righteous attitude of electric utility companies, each of
which acts as a local monopoly.
But we notice signs of a change having come over these relations between citizens and
utilities since the Chernobyl accident. The utilities have changed their attitudes and are
making approaches to the citizens. Now I feel that they have learned to stand in a closer and
more sympathetic relation to the pople.
8.

More Freedom of Information

Sampling of Japanese public opinion on nuclear energy show that many people feel a need
freedom of information. "The government and electric utilities have not given a
convincing explanation" -- this was said by 76% of respondents to an Asahi Shimbun opinion
poll in September, 1988. Many espondents pointed out, in particular, that they have not been
informed sufficiently about th e back-end of the nuclear power system.
fo

9.

Mre

Providing Conditions for Acceptance by Local People

Japan suffers from the limits of land space. It covers only 03% of world lands and is
inhabited by 24% of the world population, but with energetic economic activities representing
12-13% of those of the Wrld. Securing land for the construction of an electric power plant is
much more difficult here than in other countries.
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Three laws on electric power resources were established in the 1970s to give money to local
communities in return for offering construction sites. Now the need for this seems to have arisen,
to ensure additionally that electric utilities cooperate in encouraging the regional development
of such communities in ways that suit their local conditions.
10. Efforts to Talk to the "Silent MajgEWf
Perhaps the steadiest step forward for us to take is to use our utmost efforts to get the facts
across to the people at large, in the belief that the majority of people are convinced of the need
for nuclear energy. In this case, we must learn to co-exist with nuclear opponents. Inevitably,
we will have to stand in "strained relations" with them. We should understand that "strained
relations" may even play a favorable role.
The right way to win public acceptance is to take steps to get the silent majority to come
our way and to sympathize and cooperate with us.
ELECTRIC UTILITIES FAVOR NUCLEAR POWER
Japan has no problems in utility acceptance. So a brief account of electric utilities may be
sufficient for present purposes. Japanese coverage of electric power service is divided into nine
districts, each with an electric power company holding a monopoly on supply. Each of the nine
power companies is so powerful as to rank among the largest local corporations. In addition to a
central research institute under the joint management of the nine companies, each has its own
research and development organization working for it and has come to build up substantial
technical capabilities.
Manufacturers involved in the construction of nuclear installations are from among Japan's
largest private corporations, with high technical potential.
All the nine power companies had early taken an interest in introducing nuclear power.
Kansai Electric Power Co. was the first to move when it completed the construction under
technology from the Unites States, of a pressurized water reactor in the Kansai district, so that
it could be made ready in time for the World Exposition that took place there in 1970. Tokyo
Electric Power Co. followed with a boiling water reactor. Hokkaido Electric Power Co. came
out eighth in line when its first nuclear power plant was started up in June, 1989. The ninth and
last to come is Hokuriku Electric Power Co. which is building one with start-up scheduled for
the spring of 1993.
These electric utilities are cooperating in the government's nuclear policies, and this
loyalty, as stated earlier, has turned out to be a stimulus to the nerves of antinuclear activists.
But I am looking with favor on the relation between citizens ad utilities, as it has
changed gradually since the Chernobyl accident, bringing about a better understanding between
them.
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NUCLEAR POWER IN KOREA
Chang Saeng Rim

Before addresising the issue of public and utility acceptance of nuclear power in Korea, let
me briefly explain the Korean nuclear power program and development plan for a passively
safe nuclear power plant in Krea. At present, there are eight PWRs and one CANDU in
operation; two PWRs are under construction, and contract negotiations are underway for one
more CANDU and two more PWRs, which are scheduled to be completed by 1997,1998 and 1999,
respectively. According to a recent forecast for electricity demand in Korea, about fifty
additional nuclear power plants with a generating capacity of 100OMWe are required by the
year 2030. Until around 2006, Korean standardized nuclear power plants with evolutionary
features such as those in the ALWR program are to be built, and a new type of nuclear power
plant with passive safety features is expected to be constructed after 2006.
The worldwide demand for safer and economically competitive nuclear power plants is
influencing the Korean nuclear power program. A comprehensive investigation into advanced
reactor concepts is being made. One of the new concepts is passively safe reactor systems. Major
plant design features of the passive plants being considered in Korea are:
•

Passive safety systems

•

CorLdamagefrequencylessthan]O-SpeTreactoryear

•

Modular construction and system simplification.

The type and size of the plant will be determined dring the first phase of the project. Also,
the concept of barge transportation to sites of factory-fabricated power plants will be closely
investigated for the passive plants.
The passive reactor development program will be pursued in four phases. During the first
phase, from 1991 to 1993, the conceptual design will be carried out based on selected new design
features and utility requirements. In the second phase, from 1994 to 1996, design technologies
will be established, which will be applied to the basic design. The most important activity
during this period will be the verification/performance tests. From 1997 to 2001, detailed
design will be done in parallel with licensing discussions. Finally, during fife years starting
with 2002, the passively safe plant is expected to be constructed.
This project will be financially supported by the government and the utility, Korea
Electric Power Corporation (KEPCO). KAERI will be responsible for fuel and NSSS
engineering. Architecture/engineering will be done by Korea Power Engineering Company
(KOPEC), and Korea Heavy Industry and Construction Company (KHIC) will manufacture the
components and equipment.
The technical development effort led by the U.S. for safer and economically competitive
systems, which may be realized by the passively safe nuclear reactor concept, will be of great
value to the development of the future nuclear program in Korea. Korea is planning to carry out
international joint R&D in the areas of new design features, verification and performance tests
of the future passively safe nuclear reactors.
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Now let me explain the public and utility acceptance of nuclear power in Korea. Due to
the lack of natural energy resources in Korea, the nuclear share in electricity production has
been growing, since the first nuclear electricity generation in 1978, to a point where about 50 of
electricity is presently supplied by nuclear power plants. The ambitious nuclear power program
has been implemented without much argument by the Korean government and state-controlled
utility, KEPCO. However, public acceptance is becoming an issue, especially with rapid
democratization taking place in Korea. Anti-nuclear groups have great concerns about the
safety of nuclear power plants and some "anti-nukes" do not understand the difference between
nuclear power plants and nuclear weapons.
The Korean government is making a serious effort to increase public understanding of the
safety of nuclear power plants and radioactive waste storage and disposal. In addition, the
Korean government has recently introduced a program of benefits for residents near nuclear
power plants. By this program, common facilities such as community centers and new roads are
constructed, and scholarships are given to the local students.
Nuclear power is acceptedpositively by the utility and reasonably well by the public in
Korea.
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NUCLEAR POWER IN ITALY
Giampiero Santarossa

As is known to most of this audience in November of 1987 a referendum determined a
rejection of nuclear power in Italy. The referendum may be taken into consideration here as a
large scale experiment which offers points of interest to this conference and problems to be
aware of, in approaching a severe confrontation with the public.
To give a synopsis of the Italian perspective I will examine: first the public acceptance in
the situation before Chernobyl, then the most disturbing and sensitive factors of Chernobyl's
consequences; how the opposition to nuclear energy worked with the support of most media and
the strong pressures of an anti-nuclear political party, the syllogism of the opponents and the
arguments used, the causes of major weakness of the defenders and how a new perception of
nuclear risk was generated in the public.
I will come to the topic of utility acceptance by mentioning that ENEL, as the National
Utility, in its ole is bound to a policy of compliance with Government decisions. It is oriented
today to performance of feasibility studies and development of requirements for the next
generation of reactors in order to maintain an updated proposal for a future recovery of the
nuclear option.
I will then try to identify in general trms the factors determining the future acceptance of
nuclear power. They will be determined in the interdisciplinary area of politics, media and
public interactions with the utilities the uses of the technology are forced to follow, by
political constraints, two main directives: working only in new projects to achieve, if possible,
new safety goals.
Before the Chernobyl accident, the public did not believe that catastrophic nuclear power
events were really possible. The worst expected situation was something similar to that of
TMI: a precautionary evacuation from a limited area around the plant, with the possibility to
recover use of the affected territory after a short time (a few weeks), without substantial
economic losses, without loss of life, or at worst limited to a few individuals. Even this was
expected only under circumstances which seemed very unlikely to occur.
Nuclear power was generally accepted, though there was an initial opposition from local
residents who asked for financial compensation for economic losses or contributions to solve
territorial or town planning problems, which were identified initially or claimed to be correlated to the construction of the plant.
To solve this problem, the Government obtained the approval of a specific law which
allowed the National Utility ENEL to compensate the local administrations for financial
losses: the financial resources were used to solve town planning problems, employ resident
workers and build houses for temporary workers. The local residents always had a positive
experience near an operating plant. An example of this is given by the fact that the Caorso and
Trino residents offered to host a second nuclear power plant in the same two sites.
During the Chernobyl accident the most disturbing factors were:
The unexpected consequences (mainly the long term evacuation, the definitive loss of
territory and, in addition to near term losses of human life, the unknown worldwide
consequences for future gnerations).
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The long distance propagation of consequences. This fact helped the opponents of
nuclear energy to create the impression that a common risk was originated from a
common technology and that we were close to approaching the 'planetary catastrophe"
W. Umberto Eco) described by many science fiction writers.
To help convince the most absent-minded a direct involvement was created by restrictions
on trade and consumption of food and by the fear of genetic effects generated by "microdoses, as
it has been stated by "famous experts" never heard before.
The excessive activity of te press and TV networks, promoting debates among all kinds of
experts with contradictory conclusions, convinced the public they were being served by an
unreliable information system, so they tended to lean toward the worst, conservative
assumptions.
After Chernobyl a new perception Of isk was then generated, rejecting the low
probability concept mentioned by some scientists, coming to the conclusion that, although high
risks of low probability are acceptable if consequences have predictable boundaries, the
consequences of severe accidents from a nuclear power plant are not acceptable, at any low
probability or cost, being perceived as a catastrophe with unknown limits, extending into the
future with genetic effects, and implying definitive impossibility to live in one's own territory.
To this new perception of risk we have to add the damage generated by the public distrust
of institutions and the present nuclear technology in general which was mainly built up by the
anti-nuclear party. This party was supported by a predominant part of the media (five out of
seven networks siding against nuclear power, one mildly neutral, one absent from debates).
It is interesting for our purposes to synthesize the syllogism used by the opponents to
nuclear energy whose premise was that Chernobyl is representative of the present nuclear plant
technology, and whose conclusion was that the use of nuclear energy today has to be rejected,
the consequences being unacceptable.
Through the actions of the opponents, who proceeded in various phases to create distrust
of official experts and institutions, consulting all manner of unofficial "experts" to bring about
debates destroying public trust in scientists, this rough syllogism was successful in the face of
the scientists' inability to talk to the general public, and the poor support of the media.
. Although defenders of the nuclear option were not only scientists, there was not an
organized pro-nuclear party. Scientists did participate as volunteers in debates, which were
mostly chaired by opponents. It is useful to identify four weak poinw
OY Scientists are mostly unable to talk to the general public. Although they do not like
to admit it, this requires specific training and expertise.
(2)

Scientists lose in debates against even mediocre opinion makers. In a debate, a
scientist's function should be to explain, not to engage in the actual debate. Scientists
are used to expressing complex truths, not trying-to alter emotional opinions; opinion
makers do not have these constraints.

(3)

A scientist's language is inadequate for debate. Terms such as pobability, passive,
and inherent are not understood in their exact meanings. These words are borrowed by
politicians and misused.

(4)

Technical arguments are. unproductive, including those of the 'skeptical elite.'
People ask for simple answers to specific issues like severe accident consequence
protection, dose effects, waste management. They are not interested or cannot follow
arguments such as severe accident scenarios, steam explosions, hydrogen detonation,
DCH and related design provisions. They only realize -that there is a debate, and
they support the contender they trust more.
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Coming to the utility acceptance I have to mention that ENEL is the unique national public
utility and as such must reflect the Govemment decisions. It always had a positive attitude
toward the use of nuclear energy, understanding its strategic role, although it was forced to
proceed in this direction very slowly. (ENEL took 10 years to construct Caorso, whereas, before
the nationalization and formation of ENEL, the private utilities SENN, EDISON, and SIMEA
took only four to five years to construct the first three nuclear power plants.)
After Chernobyl, ENEL at first opposed the Government decision to halt construction on
Trino-2 and Alto Lazio, defending the nuclear option and the massive resources invested in the
construction of these plants. (Trino-2 was the first of three plants projected to be built to a
standardized design of the pre-Chemobyl National Energy Plan.) ENEL conformed later to the
Government decision to stop construction and also agreed to shut down Trino-1 and Caorso.
ENEL maintains a small staff (about thirty people) to follow the development of design

criteria for future applications. ENEL participates as a utility in the development of EPRI
requirements; supports the adoption of internationally acceptable safety principles; accepts the
use of severe accidents as a design basis, provided they will be defined within a minimal cutoff frequency (probability of occurrence of, say, 10-6 or 1-7 or so); and gives priority to the
requirements leading to the avoidance of an early (i.e., planned) evacuation, which is a
determining factor in the local acceptance question. The simplification is welcomed as a way to
reduce operator errors, cost, and construction time.
The factors determining acceptable nuclear power technology in the future may be
identified and represented by an intersection of decision areas concerning politics, the public,
the media, and technology.

Separate initiatives in

each field would be unproductive;

the

necessary synergism is likely to appear as soon as combined corrective actions are taken in:
•

Politics - increasing sensitivity to strategic aspects of the use of nuclear technology
(economic pressure, public consent, new majority).

•

Public arena - renewed trust in the institutions (receiving assurance), awareness of the
necessity of nuclear power (economic cognizance from media), more sophistication,
improved control of politics, (new generations, legal reforms).

•

Media - more correct, impartial, independent information.

Present difficulties include

current Procedures too slow in correcting false news, non-experts may be incorrect and
factious
•

realize independence is perhaps utopian).

Technology - substantial new achievements in safety (no offsite consequences should
arise after a severe accident), develop an attitude of communication.

Two main directives are given by the Government to the operators of the "Nuclear
presidio" today:
•

The residual rsources that can be allocated to nuclear research are justified only if
most effort is devoted to new design developments (effect of the syllogism - Chernobyl
equals state of the art) in the expectation of substantial improvements in safety.

•

The expected safety goal will be achieved if the assurance can be given that a long term
evacuation (and loss of territory) from a plant site will not be necessary in all accident
conditions.
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NUCLEAR POWER PUBLIC AND UTILITY ACCEPTANCE ISSUES
IN SOME OTHER COUNTRIES
DISCUSSION
The majority of the discussion of this session covered issues similar to those of the previous
sessions, such as the advantages of large versus small reactors and of passive versus active
safety features. In cases where the comments were made by one of the international panelists
with specific reference to the situation in his country, the speaker is identified here. A
synopsis of the similarities and differences of the views from participants from various
countries, as presented in the four panelists' papers and ensuing discussion is presented in the
Rapporteur's summary, following Session Six.
In response to an assertion that probabilistic risk assessments (PRAs) quantify the core
damage fequency at values which are roughly equal for reactors using purely passive safety
systems and proposed ABWR and APWR concepts using active or semi-passive safety systems,
one participant warned against dismissing too lightly the smaller, passively safe reactor. He
reasoned that if there is a core-damaging accident in a 20OMWe reactor,
the entire owerproducing capacity is lost, whereas the loss of one of a pair of 60OMWe reactors means that the
plant can still produce 60OMWe (assuming that society permits the remaining reactor to
continue to operate). He also cited advantages in terms of power planning and construction as
additional reasons to explore the option of smaller nuclear power plants.
Mr. Rim countered this viewpoint, saying that this approach will lead to additional
siting poblems as the industry attempts to use a growing number of plants to attain the same
generating capacity. He explained that Korea currently has three sites with nine plants in
operation and four or five more committed. Those sites may accommodate about twenty plants
in all, but the current Korean plan is to build fifty more reactors during the next thirty years. To
do so they must find new sites. This will almost certainly lead to problems in a country as
densely populated as Korea. He also listed cost as a reason to avoid moving to smaller reactors,
citing the economy of scale of a larger plant as being a considerable economic advantage fr
large plants. Not having to address the full range of socio-political licensing problems that
have plagued the American nuclear power industry, Korean companies can complete a plant,
large o small, in four to five years. Thus the Korean industry would not gain greatly from the
decreased construction time of smaller plants.
One of the American participants agreed with this position, saying that he sees the
construction and operating costs of a very large number of small plants as being much higher
than with fewer, larger plants. The question arose concerning whether a small reactor could be
built on a much smaller site than a large one; the response was that the size of the site would be
virtually unchanged, as the size of the reactor and turbine are relatively small, and that the
majority of the land is taken up by warehouses and maintenance and waste management
facilities.
Although it did not come out in the discussion explicitly, it should be noted that the most
probable layout for smaller, passively safe reactors would be a number of reactors clustered on
one site, sharing support facilities. This eliminates the argument that saller reactors would
mean the need for additional sites. It might also be pointed out that, as current reactors reach
the end of their design lives, reactors of the next generation could very easily be built on the
same or adjacent sites, thus taking advantage of existing facilities, greatly easing the task of
monitoring the decommissioned reactor, and eliminating the need to search for additional sites
and draft new emergency plans.
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Coincident with the discussion of the issues of small versus large reactors was discussion of
the advantages of passive and active safety features. It was noted that, while passive safety
has a most positive influence on public perception, from a technical viewpoint we must look
carefully to see if it is possible to construct a truly passively safe reactor. It was stated that the
greatest advantages of introducing passive safety features may be to increase diversity and
decrease the frequency of common mode failures.
The addition of many more passive safety features is aimed at reducing the probability of
core damage and of offsite exposure. But, it was asked, if some extremely unlikely event were to
occur causing a severe accident, could we be sure of having small consequences? The response was
that one thing that emerged from the discussion and studies which have been done in the
passively-oriented LWR program, is the esult that much more substantial use of passive
safety features could bring about significant eduction in the expected risk. The assertion was
made that this promising technological avenue need not be pursued in a pure way, that a
marriage between the use of active and passive components in a creative fashion could produce
a good result.
One aspect of safety features that was cited by this participant is the factor of
uncertainty- He stated that the question of which approach to take (active or passive) becomes
hard to resolve, because through use of redundancy with active features, one can drive the
expected frequency of accident to a very low value, provided one is careful not to become
susceptible to common mode failures and human errors. He went on to say that an additional
factor which favors the use of passive safety features is that the uncertainty associated with
such features is also generally lower than with active features.
This last point was countered by one participant who asserted that there is in fact greater
uncertainty with passive systems insofar as one has more control over active systems. He
added that most active designs on the board and nearing completion from a design standpoint
have done much to increase both diversity and redundancy to a greater degree than in the
currently operating plants. He contrasted this trend with that of recent passive designs, which
rely heavily on one type of safety system (e.g., a robust fuel element).
Both Dr. Santarossa and Mr. Schaefer alluded to the fact that a potential design goal
might be that a plant should be quired not to have an accident that would require evacuation.
They explained that this may be a realistic requirement for public acceptance in their countries
and does not necessarily reflect expectations for designs in progress.
This discussion led a former Commissioner of the NRC present at the Conference to describe
the origin of current United States emergency planning and evacuation requirements. These
came out of the Three Mile Island (TMD accident. The NRC attempted to correct for the low
level of advance emergency planning that existed at that time. This attempt was intended to
cause the utility, in conjunction with the local community, to develop emergency plans. These
were not called evacuation plans. The focus was on what to do in case of an emergency and how
to characterize it. It was based on the assumption that the most likely result would be an
accident with no release of radiation. The most likely best action to take, were there radiation
release, would be to stay inside shelters until the resulting radioactive plume had passed.
Evacuation, however, became the lightning rod of the issue, and it is there that most of the
heated discussion has been focused ever since.
It was asked of Mr. Schaefer if he meant that he would want the reactor to be designed to
give very high confidence that one need not do any emergency planning around the site. His
response: 'How strictly can we limit the consequences of an accident? Of course, we can not do
that in an absolute manner. We need some cutoff criterion to define accidents which we do not
consider. This is necessary because we can always construct some catastrophe, such as a meteor
hitting a reactor, which does not limit the consequences in the fashion of the most4plausible
accident. But look at the actual situation. We have a core damage frequency of 10- or 10-5
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per reactor year, and ecent NRC risk studies show that consequences of these core damage
accidents can be tremendous. For each core damage accident, there is a rather high probability
that the consequences will not be kept within low bounds.
"The conditional probability of large consequences, given a core damage accident, should
be decreased by much greater use of mitigative features in comparison with current reactors.
This is necessary because the overall probability of large consequences is a product of the core
damage probability and the conditional probability for large consequences given core damage.
There should be an allowed upper limit of 10-7 per reactor year or less on the occurrence of large
catastrophic consequences. Then one should ask the question of whether emergency planning is
required. If we can achieve an efficient mitigation of core damage accident by a factor of 1 to
100 in probability, it can be argued that there is no reason for emergency planning. However,
even if such an effort were successful, I do not know if politicians would accept that idea. At
least there would be a scientific basis for it."
One participant of the nuclear power industry asserted that such risk values ae not
believable, that one can invent accident scenarios, including external events, that drive the core
damage probability back into the neighborhood of 10-4. He added that the issue goes beyond
what can be described by numbers and PRAs, that there ae fundamental cio-political factors
at play here that allow countries such as Korea and France to continue to build new reactors,
while others such as Italy and the U.S. are stymied.
To the suggestion that what is needed for a nuclear power revival is the education of the
public, one participant stated that the important social factor is not one of ignorance. Rather,
some of the industry's strongest critics are very knowledgeable about nuclear power technology
and radiation. He said the fundamental concern of these people is the inability, or perceived
inability, to limit the consequences of an accident within acceptable bounds, due to the
uncertainties involved. He went on to say that we find some of the most sophisticated people,
with regard to risk, responding the same way in the face of uncertainty as does the public:
those in the insurance industry. For example, in this country it is almost impossible to get
insurance for liability claims for pollution associated with hazardous waste facilities. That is
because no insurance company wants to enter into a situation where they may be subject to risks
that can not be bounded confidently. The public is responding much the same way.
One critic of the industry suggested that perhaps the best approach to limiting or bounding
an accident would be to employ consequence analysis rather than probability analysis. This
suggestion arose from the fact that there is a finite amount of radioactivity in the core He
presented the example of permanent land contamination, which is dominated by releases of
radioactive cesium: the land area that can be contaminated by an accident involving a
1000MWe reactor at equilibrium is limited to 200 square miles for an individual radiation
exposure dose of 10 rem over thirty years. Similarly, a 100MWe reactor is limited to 20 square
miles with a 0% release of the cesium activity from the core. A CANDU type reactor, where
the radioactivity is continuously removed from the core and taken away from the site is even
less threatening. He concluded that the acceptance criterion of a maximum dose of 10 rem in
thirty years may be reduced in the future to a maximum dose of I rem. The best option is still to
have a small reactor, such as a 10OMWe reactor, for which it is almost impossible to have an
accident event resulting in any early fatalities.
Returning to the disparity in various countries' abilities to further their nuclear power
programs, it was suggested that the impasse among countries such as the U.S. and Italy is
driven by the absence of an imperative to use nuclear power, that to the present this has been a
no-cost decision. This situation could be changing in the near future; in the U.S. there is the
saturation of excess electricity capacity, in Italy, the (at least short term) imminence of $40 per
barrel imported oil, and in Korea, an electrical demand growth rate of 14% annually, which is
a doubling every five years. It was noted, that, in a situation where the decision-making is
one-sided, and where the performance standard demanded is close to perfection, it is very hard
to obtain solutions.
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One participant pointed out that public acceptance is not itself a safety goal, and the two
should not be confused. The scientists must first b convinced of the reality of expected safety
and then should use professional opinion makers to get the point across. This is because
scientists are not generally able to make themselves well understood by the public. In this
manner, he concluded, the technologists can gain the trust of each other and the public.
The point was expressed that many of the problems in the nuclear power industry in the
U.S. today are infrastructure related, not technical, and that such managerial problems would
be seriously compounded by the existence of a large population of small reactors. Three pieces
of the management problem were identified as: (1) construction management, where in the
United States there have been several economic disasters characterized by very long construction schedules and resulting high costs; 2) operations management, where some utilities have
been compelled to shut down their entire reactor fleet due to identified managerial problems;
and 3) the maintenance problem associated with a large number of reactors.
A final note in the discussion was that of the irony in the situation between Italy and
France. We see the Italians insisting on developing a very safe reactor and raising concerns
about territory loss due to potential radioactive contamination, and not building new plants
until these issues are resolved. Meanwhile, France continues to build new large plants with
seeming disregard for these issues. The irony lies in that Italy imports much of its eectricity
from France, with this electricity generated by plants which are upwind from Italy.
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KEYNOTE ADDRESS

FACTORS AFFECTING THE NEXT GENERATION
OF NUCLEAR POWER

Forrest J. Remick
Commissioner, U.S. Nuclear Regulatory Commission

INTRODUCTION

DINNER ADDRESS
The Conference dinner was addressed by Dr. Forrest J. Remick, Comn-dssioner in the U.S.
Nuclear Regulatory Commission. Prior to becoming a Comn-dssioner Dr. Remick has served as a
long-term member of the NRC's Advisory Committee on Reactor Safeguards, and had been a
Professor of Nuclear Engineering at the Pennsylvania State University. His address was
particularly important for the Conference as a reflection of the thinking within the NRC
concerning advanced nuclear power technology. In the view of many observers the NRC is
likely the single most important institution affecting whether nuclear power will have an
important future role in the United States.
The portion of his address which generated greatest subsequent discussion in the
Conference was the statement that the NRC is not required to continually increase safety
standards as technological capabilities improve. Rather, his position is that, having defined
an acceptable level of safety, the obligations of the NRC are to ensure that it is satisfied and to
provide incentives for, but not requirements, for plant license holders to reach still higher
safety levels. Several Conference participants later argued that the NRC should demand the
best feasible performance from new plants. This approach would be consistent with the NRC's
treatment of low level radioactive exposures, where under the 'As Low As Reasonably
Achievable (ALARA) principle" such exposures are required to be kept small when available
technologies permit, even though averted health risks may be sall.
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FACTORS AFFECTING THE NEXT GENERATION
OF NUCLEAR POWER
Forrest J. Remick
INTRODUCTTON
I am pleased to be given the opportunity to address you, the distinguished participants in
the First MIT International Conference on the Next Generation of Nuclear Power Technology.
Both the timing and the airn of this Conference are right.
Given the pessures on the environment and projections of increased need for energy, the
present moment is none too soon to give the most serious consideration to whether there will be a
next generation of nuclear power plants, ad, if so, what the technology should be like. And
this conference's aim of assisting in the pocess of building a consensus wl help bring about a
full public discussion of questions concerning the next generation of nuclear power.
Over the years, I have had to achieve something of a consensus with myself in my
changing roles as regulated and regulator, and advisor to both. I hope that my personal
experience with consensus-building will contribute to the discussions you are having at this
conference.
I will speak first about some environmental and economic factors affecting whether there
will be a next generation of nuclear power at al. Then I will discuss some issues concerning the
designs of the next generation. Finally, I will say a few things about the respective roles of
industry management, the Nuclear Regulatory Comn-dssion, and the public.
I turn now to some factors affecting whether there will be a next generation of nuclear
power.
I.

THE FUTURE OF NUCLEAR POWER

For both financial, environmental and health reasons, and because of external and internal
factors affecting this nation's energy supply, nuclear power will likely play a part in supplying
this nation's energy in the coming decades. I believe this to be true for some other parts of the
world as well.
Even some severe critics of the nuclear power industry and the NRC might agree with me
on this point. Increasing concern with the environmental consequences of the burning of fossil
fuels has led some former opponents of the use of nuclear power to balance anew the risks and
benefits of nuclear power and to modify to some degree their former opposition.
A related concern with the adequacy of the energy supply is leading others to modify their
positions. According to analyses done by the U.S. Department of Energy, after 1994 the United
States will no longer be able to assure all its citizens a eliable supply of electricity. Already,
many areas of the country ae in need of additional electric capacity.
In both Sweden and Switzerland, similar concerns have led to the adoption by many of
more compromising positions.
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Some critics of nuclear power may in the end still reject it as an alternative, but, with the
increased pressures on the environment and on our energy supply, nuclear power is an alternative
which cannot be rejected without the most serious consideration. This should be, I believe, a
point of consensus among us. In sum, there is a future for nuclear power in the sense that there is
a use for it.
It is appropriate to ask now whether there are environmental and econon-dc factors which
are decisive against nuclear power despite its usefulness. Let me discuss briefly two factors
which are sometimes said to be prohibitive - namely, nuclear waste and the costs of building
nuclear power plants. In discussing both of these factors, I will focus on major actions the NRC
has recently taken which have a bearing on these factors.
Let me begin by saying that I am not blind to the significant technical and institutional
challenges to the enterprise of licensing and constructing a high-level waste repository. But let
me also hasten to add that the Commission is confident that in neither the high-level nor the
low-level waste program does the need for disposal or interim storage capacity present an
intractable health or safety problem, either long- or short-term.
As you may know, the Commission in 1984 completed a major adjudicatory rulemaking on
the generic questions of whether high-level waste can be safely disposed of, when such
disposal or off-site storage will be available, and whether spent fuel and high-level waste can
safely be stored on-site past the expiration of existing facility licenses until off-site Storage or
disposal is available.
As head of the Commission's Office of Policy Evaluation in the early 1980s I oversaw
much of the initial writing for that first Waste Confidence Decision. I am pleased to say that
most of our Original findings of confidence have stood the test of time. On September 18, 1990,
the Commission issued revised waste confidence findings which largely confirmed the 1984
findings.
I should emphasize that the Comrrdssion conservatively assumed that the Yucca Mountain
site, to which DOE site characterization efforts are now confined by law, would be found
unsuitable for repository development around the trn
of the century, but still arrived at
favorable findings of confidence.
The commercialization of safe dry cask spent fuel storage, and more experience with
storage in pools, contributed to the Commission's enhanced confidence that spent fuel can safely
be stored until sufficient repository space is available.
In the light of these findings, I believe that we could afford to move away from the
present largely schedule-driven approach to the high-level waste repository program.
In effect, we could trade off the cost of more extended spent fuel storage for the benefit of
having more time for the earth science and materials engineering likely to be equired for the
technical soundness of this first-of-a-kind facility. Ironically, the national comn-dtment to
avert the expected risks of a long-term spent-fuel storage has helped to enhance the risks of a
short-term approach to the repository program.
As to the costs of nuclear power, the Commission has made a valiant effort this past year,
an effort not widely enough recognized, to assure that the NRC's licensing process does not
unnecessarily add to the costs of constructing a nuclear power plant.
The industry's desire to reduce the costs of construction and the agency's obligations to the
public health and safety are not always consistent with each other. The industry wants a
predictable licensing process, and the agency must assure adequate protection for the public, if
possible without introducing uncertainties unrelated to our regulatory mission.
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Yet, frankly, it is not the Commission's job to provide guarantees. I believe that the NRC's
new regulations, on early site permits, design certifications, and combined licenses (10 CFR 52),
balances these opposing interests and obligations so that the licensing process can provide not
only adequate predictability for utilities to decide whether to apply for a license to construct
and operate, but also adequate protection of the public health and safety, and a more than
adequate opportunity for the public to participate in that process.
The nw
egulations provides for many things, but among them the most pertinent to my
purposes this evening is the requirement that all design issues be resolved before construction
and tat those resolutions not be subject to further litigation before operation.
Under tis new regime, the licensee would achieve at least one important measure of
predictability: If the plant is built acording to the requirements stipulated in the combined
license, the plant will be allowed to operate.
To sum up, neither the difficulties with the high-level waste repository program, nor past
bitter experiences with the licensing process should prevent a next generation of nuclear power
from coming into being.
Before turning to some issues connected with the new designs on the horizon, let me mention
one market factor which is too little ecognized as having a potential for slowing the
development of a next generation of nuclear power plants.
71-tat factor is the size and quality of the technical work force equired to design, license,
construct, operate, and regulate this and the next generation of nuclear power plants and waste
facilities.
The Department of Energy has predicted a close balance between supply and demand of
qualified personnel in the nuclear industry for the next several years. However, this prediction
does not take into account the recent emergence of new designs, replacement of an aging work
force, and state and federal government environmental programs.
Further, the needs of the country's weapons programs and waste disposal program; the
political shifts in Eastern Europe, which have already led to increased transfer of technology
and knowledge to that part of the world; and pending and future legislation to increase
protection of the environment, all require a large and competent technical work force.
But let me give you some roughly current figures which should raise some concerns about
whether we are going to have that work force. Within the past six years, there has been a
decrease in this country of about 200,000 in the number of scientists and engineers employed in
energy-related activities.
I am told that the number of undergraduate degrees granted in nuclear engineering each
year amounts to about three for every faculty member in nuclear engineering. With such a ratio,
it is not surprising that the number of institutions granting degrees in nuclear engineering has
declined from 70 to 57.
Finally, the number of research reactors in the U.S. has declined from 70 to only 35, and
many of the remaining 35 require major upgrades.
I have elsewhere stressed the importance of industry and government finding ways to
attract young people into technical fields, and into the nuclear fields in particular.
I would mention in this regard that the NRC recently established a scholarship program
which supports qualifying students in Health Physics and Engineering in return for a certain
number of years of service with the agency. Other such incentives are needed.
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II. LESSONS LEARNED
Having discussed some of the factors which affect, or might affect, whether there is a next
generation of nuclear power, I will now turn to some issues connected with what that new
generation might be like. I will focus here on some lessons learned from the past, and on some
aspects of the NRC's role in these new designs.
Simplicity, significant safety margins, capability to ride out anticipated transients at
power without shutting down, maintainability-these are but a few of the capabilities the
potential purchasers are saying they expect in an advanced reactor. And those purchasers are
playing a role in the design of the next generation through their participation in EPRI's
"Requirements Document' effort. The NRC is reviewing this work with the closest attention.
I would note in passing that I am pleased that there are now a number of new designs before
the NRC and otherwise under development. I would hope that the next generation will not
have the same variety of custom designs that exist among operating plants. The NRC has long
pushed for standardization of design. However, some variety is necessary for a number of
reasons, not the least of them being that having readily available alternatives to a new kind
of facility, be it a reactor or a repository, makes it possible to avoid identifying the success of
any program with the success of a specific project or facility.
To designers, let me propose that it would be wise for them to stay alert to the possibilities
for further reducing risks and radiation exposures, and to resist the temptation to forget some
lessons learned. I have in mind in particular the lesson on containment.
Years ago, the NRC's Advisory Committee on Reactor Safeguard urged the building of
substantial containment structures for our nuclear plants, even though some argued that these
were expensive and unnecessary appendages that did little more than cause additional public
concern.
However, right now the conceptual designs submitted to the NRC for review of the DOEsupported modular high temperature gas reactor and the modular liquid metal reactor do not
include containment structures. The innovative designs show considerable promise for passive
safety improvements.
But without containment or other mitigating features, I believe they will face
considerable public opposition and will introduce major and important policy decisions for the
Commission.
We must not forget that the containment at MI worked. Although, in my opinion, the new
designs generally speaking display a rising standard of professional excellence, I am concerned
that efforts to reduce cost may be causing designers to forget the lessons learned.
Cost control is a legitimate engineering effort, but it must not be at the expense of prudent
and adequate protection of public health and safety and the environment.
Let me mention two important aspects of the NRC's role in these new designs. Fst I do
not believe that egulatory standards should be elevated to meet the improving industry
standards of excellence, unless it is found necessary to assure adequate protection of the public.
For example, a designer may wish to aim for a highly desirable core damage frequency much
lower than that sought by implementation of the Commission's Safety Goals. The Commission
should not then adopt that lower frequency as a new, more stringent standard.
We have learned that we must not indiscriminately require changes to plants and designs,
but instead must consider the overall risk significance, the practical effects on operations, and
the cost once a level of safety is eached sufficient for adequate protection of the public.
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I, for one, would not object to being criticized for not being as tough on a designer as the
designer was on itself, if the NRC's Safety Goals objectives were met.
Second, it will be a challenge for the NRC to accomplish reviews of multiple designs
without undue delays in this era of increasing fiscal constraints, but a thorough, technically
sound NRC review will be essential to ensure that the United States will continue to have safe
nuclear options available to meet the growing demand for electricity and the increased need to
protect the environment.
With few new applications for licenses, the agency has focused its attention on inspecting
operating plants. But I would be less than frank if I did not tell you that I wonder if we have
gone about as far as we should in this direction.
I am concerned that emphasis on inspection may be at the expense of our ability to analyze
and review nuclear safety in design. Such analysis and review have been our historical
strengths.
In my travels abroad, I am impressed by the extent to which many countries closely follow
NRC activities. A number of countries with smaller regulatory bodies basically adopt many of
our regulations and the results of our analyses, reviews, and findings. I hope that our activities
will continuetowarrant respectin the years ahead, andit ismy goal to assurethat sudiis the case.
III. COMMUNICATION AND PUBLIC ACCEPTANCE
I have already touched on aspects of the industry's and the NRC's respective roles in the
next generation of nuclear power. Ut me expand now a bit on those roles and also say a few
things about the topics which have occupied you this afternoon and will again tomorrow,
namely risk communication and public acceptance.
First, as to the industry, I agree entirely with DOE Secretary Watkins when he says,
'Nuclear safety is not something that can be installed through regulation or legislation.' And I
would add what I have often said, namely, that professionalism in plant operation crews is
essential to the future of nuclear power.
One of the lessons of Three Mile Island was that the nuclear industry had to dramatically
change its attitudes toward safety and regulations and police its own standards of excellence to
ensure the effective management and safe operation of nuclear power plants.
If excellence is to be achieved and maintained, and the operation of current plants not be a
block to another generation of plants, it will not happen by the NRC's dictating the details of
management. No person or organization whose every movement is choreographed from without
can ever achieve the independent judgment which is a necessary condition of excellence.
However, having stated what I would hope is another point of consensus among us, let me
hasten to add that I do not believe that the industry should, or could, self-regulate itself.
There must be, in the nature of things, an NRC, or some agency whose perspective is not the
industry's.
For example, as I said fifteen years ago, there is no question in my mind that without the
licensing requirements that make training necessary, the general standards and qualifications
of reactor operating personnel could not be as good as they are today. This in no way reduces my
pleasure in, and great respect for, recent industry initiatives in enhanced training activities.
And in carrying out its responsibilities, I believe that the NRC should seek an excellence
of its own. That seeking requires trying to view our actions and the agency direction from the
perspective of the outside world. Conferences such as this help us all to see ourselves from
different perspectives.
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As I have already stated, I believe that historically the NRC has been recognized
internationally as a leader in nuclear safety analyses and reviews. But we have much work to
do to maintain what we have done, and to do better.
For example in the NRC, too often we appear to generate actions and positions Office by
Office and Region by Region with little apparent relation to overall agency coherence and
philosophy. Much can be done to make our regulations more coherent, consistent and
understandable.
Aiming at coherence and a sound regulatory philosophy, the agency has, for instance,
established safety goals for use in judging the overall safety level of nuclear power plants, and
whether or not further regulatory actions are warranted. However, even here, it appears that
the agency sometimes forgets to incorporate those goals in its activities and, at times, proposes
actions inconsistent with their guidance.
To bring us full circle to the question of whether there will be a next generation of nuclear
power, I shall end my presentation by discussing briefly a matter I have touched on a few times
already this evening, namely, public acceptance of nuclear power. And here I am going to tell
you some bad news and some good news.
The bad news is that, so far, the public has not been very accepting of a n-dghty effort the
NRC made recently to achieve some more regulatory coherence and to help assure that public
resources are devoted to the most significant safety issues. That effort culminated in the NRC's
recently published policy statement on "below regulatory concern," or BRC policy, as it is commonly called now.
If some of the newspaper accounts of the policy were to be believed, the NRC had decided
to cause thousands of cancer deaths each year by permitting highly radioactive wastes to be
disposed of in ordinary landfills.
Of course, as you all know, minimally radioactive wastes are being disposed of in
municipal landfills every day - discarded smoke detectors, for example, or luminescent road
signs, clocks, watches, and thermostat dials.
Because of the extremely low levels of radiation in consumer products such as these, many
of them have been exempted from regulatory control for some time. But those exemptions have
been decided upon too much on a case-by-case basis.
The BRC policy is an effort to articulate a consistent approach to such exemptions and to
assure that, neither individually nor together, would exempted practices pose a significant risk
to anyone.
Moreover, the agency has needed a BRC standard to apply in other areas of regulation, for
instance, in the decommissioning of power plants, to determine when a site can be released for
unrestricted use as well as in the recycling of materials which are slightly radioactive.
The policy aims at a level of risk to the most exposed individuals which is so low that
further expenditure of resources by either licensee or regulator to reduce this risk would be
unreasonable.
That level is a fraction of the exposures we receive from background radiation, and even a
fraction of the differences in average background levels prevailing in different parts of the
United States.
In all of this the NRC aimed only at the best: Coherence in the regulatory approach,
levels of risk well below radiation risks the public accepts every day, and a full explanation of
its policy in terms which could be understood by members of the public who were not technically
trained.
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The response, to put it mildly, has not been gratifying. In fact, there is widely supported
legislation pending in the U.S. House of Representatives which would 'revoke" the BRC
policy statement. The false image of highly radioactive wastes in landfills appears to have
crowded everything else out of some people's minds.
I hope that, if the policy survives the Congress, the public proceedings on individual
requests for exemptions under the policy will serve as fora in which the public will come to see
more clearly what the agency was trying to accomplish.
The growing use of nuclear medicine suggests that people can and do make distinctions
about the sources of radiological risk; that they understand that there are tradeoffs between
radiological and non-radiological risks; and that they are capable of weighing one kind of risk
against another.
Now the good news, which should go some way toward alleviating public concerns over
the safety of nuclear power. The National Cancer Institute recently completed a two-year
study of cancer rates around U.S. nuclear facilities.
The Institute's epidemiological researchers looked at the frequency of mortality from
sixteen types of cancer, including leukemia, around fifty-two nuclear power plants, nine DOE
weapons facilities, and one commercial fuel reprocessing plant. The researchers concluded that
their survey had produced "no evidence that an excess occurrence of cancer has resulted from
living near nuclear facilities."
Another epidemiological study, this one of residents around the Three Mile Island nuclear
power plant a the time of the 1979 accident, came to a similar conclusion. Dr. Beyea, who is
participating in this conference, was a major contributor to that study.
Critics were quick to assert that the studies did not give nuclear power 'a clean bill of
health," and, strictly speaking, the critics are right. Studies of this kind cannot demonstrate
conclusively that radioactivity from these plants did not cause cancer.
The authors of these studies have themselves suggested areas for further study. But this
much seems clear: Well-qualified workers using sophisticated methods have been unable to
find any significant evidence in the operating history of U.S. nuclear power plants to link them
to increased levels of cancer. I believe that the burden of proof has now shifted to those who
claim otherwise.
Leaving the risks of low-level radiation aside, I believe that we can all agree that, even
if the NRC's BRC policy should be accepted ultimately, and even though the industry as a
whole has improved greatly since TMI, poor performance at individual stations may lead the
public to reject nuclear power.
Our good record does not matter if our neighbor's operation is shoddy. And we know too
well that events that occur half way around the world can have immediate and substantial
impacts on all of us. We are OUT brothers' keepers in these atters, each of us, albeit in
different ways.
As to myself, ironically - considering that safety regulators are not promoters of nuclear
power and indeed are often accused of impeding it - the future of nuclear power may well be
most secure when the public can be confident that the regulators are tough enough to do
whatever is needed to assure adequate performance at even the worst stations.
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INTRODUCTION
Session - Audiences, Rationales and Quantitative Measures for Demonstrations of Nuclear Safety and Licensing by Tests
The purpose of this session was examination of the implications of apToposal which has
been made by some proponents of advanced reactor concepts. It has been suggested that reactor
concepts capable of achieving much higher levels of safety than current plants could
demonstrate this via physical tests rather than by means of extensive analyses, has been
typical to-date. It is argued that this approach to safety regulation could pern-dt more
efficient licensing while simultaneously allaying fears of nuclear technology among the public.
However, consensus does not exist that this is a feasible proposition. Among the questions
which arise are the following:
• What data would be required from an adequate test?
• What set of tests would be adequately complete to span the range of potential safety
concerns?
• Given the reality of having only limited resources available for a set of tests, how
would residual uncertainties in expected system performance be treated?
• How can test results be communicated in a fashion such that an audience of laymen can
use them for meaningful thought?
Ultimately the discussion of this proposal concerns the types of physical proofs, assuming
that some would be possible, which would demonstrate adequate safety. It is argued that, if
enough of the public were satisfied that a reactor concept were adequately safe, its employment
could proceed without serious interruption and at predictable costs.
In this session the keynote paper was given by Prof. Lawrence Lidsky, Professor of Nuclear
Engineering at MIT. Prof. Lidsky has long been a proponent of the 'license by test' idea,
particularly in the context of the MHTGR concept. The respondent paper was presented by Mr.
John Taylor, Vice President with responsibilities for all nuclear power matters at the Electric
Power Research Institute (EPRI). EPRI is the research agency of the United States electric
utility industry.
The following discussion was concerned with various means by which reactor safety can be
evaluated and communicated. Ultimately, and repeatedly, the discussion continued to retur to
the question of 'how can a technology be detern-tined to be safe and shown to be so to a suspicious
public?'.
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AUDIENCES, RATIONALES AND QUANTITATIVE
MEASURES FOR DEMONSTRATIONS OF NUCLEAR
SAFETY AND LICENSING BY TESTS
Lawrence M. Lidsky
Nuclear Power is one of several potential prime movers under consideration for central
station production of electricity. As with any technology, the extent of its utilization depends
on a complex set of interactions determined by its particular physical embodiments and the
structure and temper of the society in which its use is considered. This paper focuses on the
situation in the United States; its conclusions cannot easily be extrapolated to other nations.
The interplay of indigenous resource base, political structure, and history is complex and must
be analyzed case-by-case.
I believe that the development of nuclear power plants with the ability to survive a
definitive worst-case, "absolute," test is a minimum requirement if nuclear power is to play a
significant role in the future.' The test protocols are somewhat dependent upon plant design, but
include, at a minimum, simultaneous loss of coolant, control rod withdrawal, and the pesence of
a malicious operator. The test requirements are not determined by cost-benefit analysis nor by
the imposition of mandated safety goals. They are substantially more stringent than would be

required to meet even the most conservative commercial standards. Nonetheless, imposition of
an absolute test is essential if the social and political prerequisites for the utilization of
nuclear power are to be put in place. There are, of course, many other essential conditions, low
cost being prime among them.

The de facto imposition of an absolute test requirement would have several notable
beneficial side effects: It would, for example, change the role of the NRC to one that has far
greater public acceptance and it would lead to "market force" standardization with attendant
commercial ramifications.
The argument is based on the following assertions:
A)

There is no nuclear imperative.
The U.S. has enough fossil fuel to take us through 2030 with ease.

Coal supplies are

sufficient to last far longer than that. Improved designs of fossil plants will allow substantial
mitigation of acid rain and related artifacts without major cost penalty.

The U.S. will not

respond to global C02 considerations because exogenous sources such as China will dominate the
global balance.

This argument does not deny that nuclear power, properly deployed, is the

least environmentally damaging of all near term prime movers. It is simply recognition of the
fact that we do not "need" nuclear power for commercial or national security purposes.
13)

ThereisnonucleardyLiamic.
The fossil infrastructure will grow stronger with use.

Vendors will develop a range of

competitive coal burning plants (primarily based on integrated gasification) and manufacturing

*The

future as defined here extends through approximately 2030.

This is long enough for

technologies now in the earliest conceptual phase to have substantial and unpredictable effect.
Consider, for example, the potential impact of large-scale solar generation of hydrogen by
bioengineered organisms.

-2

and support facilities will be put in place. The network of natural gas pipelines will be
substantially expanded. Ding this period, the nuclear infrastructure will continue to
atrophy. It will grow increasingly difficult for nuclear power to achieve market penetration.
C)

NucleaTypwerwiAlnotbeusedunlessitis"substantiallybettef'asviewedbytheutilities.

Capacity addition of any sort will be difficult. Fossil systems have difficulties of their
own but there is no gainsaying that the legal and political barriers are highest for nuclear systems. Utilities, therefore, have little incentive to favor nuclear systems and will consider
them only if they have substantial advantages with respect to alternatives. The criteria for
comparisons include both cost and financial risk. Nuclear power must first show substantial
advantages when conventional cost elements are considered: capital, fuel, W decommissioning, all under the assumption of normal industrial availability. Risk is reflected in the potential for substantial-to-total loss of avai ab ity ue to
res in
t to nuc r systems:
Mechanical Causes - Unrepairable Components;
Regulatory Causes - Unacceptable Backfit Requirements;
Legislative-juridical Causes - Public Input Reflected Through Legislation.
The possibility of substantial loss of vailability (due to regulation) or total loss of
investment is higher for nuclear plants than for conventional fossil systems. It is here that
socio-political considerations have the greatest impact. The risk premium is hard to quantify,
but it is clear that it increases the cost advantages needed for a new technology to gain market
share at the expense of established technologies.
D) Vendors must provide nuclear power systems that convincingly meet cost and risk ENuirements if nuclear Rgwer is to be used,
Because of the increased burden-o roo that nuc r systems must meet, the claims r
low cost and risk must be particularly robust. Operating principles must be simple and easily
explained, cost projections must be based on demonstrated industrial capacities. These claims
will be most convincing if they are made by a vendor that has assumed the normal commercial
risks.
E)

If a convincing demonstration that nuclear systems are "substantially better" is not made,
nuclear Mwer will a a minor, and decreasing. role in the US. energy supply picture.

F)

Because the test will have three audiences and must satisfy all three, the only convincing
demonstration is the full-scale, worst-case test of a commercial 21ant.

The audiences are utilities, the NRC, and the "public.' The utilities' technical requirements will be easiest to satisfy. The provision of an operational vendor-supplied commercial
product would demonstrate availability and offer a firm basis for costing. The utilities would
be expected to be satisfied with normal commercial risk if the NRC and public were satisfied
by the absolute test and thus removed as major players. The utilities presumably would also
need to have demonstrated that the eplacement of major components could be carried out at
acceptable levels of time and effort. The NRC and the public set a much higher standard. The
test(s) must demonstrate that there is no impact on the public at the plant boundary in a combination of events which includes total loss of coolant, breach of the primary system, failure of
the control system, and the presence of a malicious operator. "No impact" could be defined, for
example, by application of the EPA's Potective Action Guidelines. The plant would, of course,
also have to meet the mandated 10 CFR requirements. If this condition cannot be met, then the
NRC has a mandated Tole, and siting issues will remain irresolvable. The resulting uncertainty
would be a highly significant barrier to utility acceptance.
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G)

These requirements are incompatible with Defense-in-Depth at the level of safety
!!squired for nuclear systems.

The complexity of existing plants makes them expensive to build, hard to understand,
difficult to operate, and is reflected in the extraordinarily complex and inefficient licensing
and regulatory process. With time, the plants get even more complex (because of regulatory
pressures) and harder to maintain. The potential for human error is large, possibly dominant.
This reliance on human vigilance almost ensures that high visibility accidents will occur in any
large population of reactors. The absolute test condition cannot be met by systems which ely on
Defense-in-Depth, because it is effectively impossible to test every possible configuration for
every possible failure.
H)

The imposition of true worst-case testing has important implications for the role of the
NRC.

If plants survive a true worst-case test, there would be no need f detailed regulatory
oversight nor justification for rule changes in plants identical to the tested plant. The role of
the NRC would change to that of inspectors at the vendor's facility, ensuring that the plants
were being manufactured to original specifications. The NRC would become a very strong
presence at the vendor and very much less apparent to the utilities. The NRC would evolve to
a FAA-like organization.
I

License-By-Test would

roduce de facto standardization.

If plants could be licensed only on the basis of full-scale tests of a commercial model, then
potential vendors would undergo the cost of presenting a new model only if they were sure that
the new model offered substantial advantages, or fit a new marketing niche. The situation
would be quite similar to that of the aircraft industry, where there are a few dominant designs,
capable of evolving with technology and need. This is a maTket-based rather than a
regulatory-based approach to standardization.
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RESPONSE TO
AUDIENCES, RATIONALES AND QUANTITATIVE
MEASURES FOR DEMONSTRATIONS OF NUCLEAR
SAFETY AND LICENSING BY TESTS
John J. Taylor
INTRODUCTION
I agree with Professor Lidsky on several of his general points: nuclear power must meet
cost and risk requirements, it must demonstrate that it has met them, and particularly, the
industry must standardize the plants it builds in the future. One general point with which I
disagree is that the public is not rational. I believe the public is rational and our democratic
society fundamentally depends on that. The public may be uninformed, misinformed, or
disinterested, all of which could apply to energy issues, but in the long pull, that will be
corrected and we will depend on their rationality.
I certainly hope that Professor Lidsky is right in stating that fossil fuel will take us
through 2030 with ease, that acid rain concerns be satisfactorily mitigated, and that there will
be no need to respond to global C02 issues. He, of course, recognizes that in case he is wrong,
alternatives should be developed, not the least of which is nuclear power. I am somewhat more
positive about that prospect because the infrastructure of the nuclear industry is stronger today
than it has ever been. Operating plant performance is continuing to improve as is evidenced by
successful achievement against measurable, quantitative performance goals established by the
industry through the Institute for Nuclear Power Operations.
Of course, all energy systems are faced with a real challenge in the future, created by the
need to meet the new environmental and public health ethic, while keeping the time to build
these new facilities and their costs of construction and operation to a reasonable level.
Professor Lidsky's thesis is, on the surface, a wonderful response to this challenge: for nuclear
power - demonstrate that there is no risk to the environment or public health with one fullscale, worst-case test. This is not an answer to the challenge, but rather will increase the
difficulty of meeting the challenge by raising expectations that will not be satisfied. I would
suggest, instead, a way to define "acceptable risk" rather than no risk and a different way of
demonstrating its achievement.
DEFINITION OF ACCEPTABLE RISK
An intensive worldwide effort has been put forth to measure the risk to the public of
nuclear poweTplants through probabilistic safety analysis (PSA) methodology. While by no
means perfect, that capability has been honed to the point that it is used by regulators and
utilities on a continuing basis to improve and check on the safety of nuclear plants. That
methodology provides a means of defining minimal risk.
An excellent definition is available in the Special Committee Review of the Nuclear
Regulatory Comi-nission's Severe Accident Risk Report (NUREG-1150) 111, issued a couple of
months ago. PSA is increasingly used for decision making, in particular, for identifying means
for further risk reduction. The consideration of small contributions to risk is not helpful in this
context, in particular, if their calculation is influenced by large uncertainties. Therefore,
decision making normally includes a de minitnus concept providing a clear-cut distinction
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between a substantiated real risk which is to be limited and reduced, and insignificant risks
that are not reliably assured. A de minimum threshold can best be established by considering
comparable risk in other areas of human action that are commonly accepted as insignificant.
Several cuntries have adopted safety goals associated with the risk of accidental death
of individuals (>2xlo-4 per year, depending on age). Associated cutoff values in the range of
5xl(-7 per year to 10-6 per year are used in this connection. Risks below those lin-tits; constitute
only a small fraction of the total fatality risk from all causes.
For individual risk of latent cancer fatality that might be induced by radiation, natural
background radiation provides an appropriate scale for comparison. Though the dose from
natural radiation varies widely over the earth, a typical rate is 2mSv per year - the related
committed annual risk of death from cancer induced by natural radiation is about 1x10-4 per
year. A lower limit to the geographical variation of that risk would be well above 200-5 per
year; in some parts of the world, this value is as high as 5x10-2 per year. Thus, modification of
the risk by an amount below 200-5 per year can be considered insignificant compared to the
natural
variability of this risk. The conclusion is even stronger when it is noted that there is no
proof that radiation at low dose and low dose rate is harmful. Restriction of the probability of
latent cancer fatalities to less than 2xl0-6 per year, as implied by the safety goals used in the
United States, is far below that limit and well within the range where the contribution to the
overall cancer risk (2x10-3 per year) is negligible.
Thus, it i easonable to neglect individual risks which are about one order of magnitude or
more below the value associated with the US. safety goals. This leads to a core damage
frequency (CDF) of -5 per reactor
year, a value within the capability of any reactor being
considered for future deployment. Containment capability that would reduce the chance of
significant radiation dose to the public by a factor of 10 is also stipulated by NRC along with a
CDF of 104.
When the chance of a severe accident reaches a level of about -5 per reactor year, the
contribution to risk of external events, such as earthquakes, floods, tornadoes, and the like,
begins to become appreciable and becomes dominant somewhere between 1-6 and 1-7 per
reactor year. In other words, no matter how well the nuclear reactor has been designed to reduce
severe accident risks, effects independent of the nuclear features take over. A full-scale, worstcase demonstration of a specific nuclear system would not demonstrate that the risk to the
public is zero. To address this would suggest the impractical step that the plant be built on a
massive shaker table so that it could be damaged substantially to show that it met safe
shutdown earthquake (SSE) criteria. I think not.
DEMONSTRATION OF SAFETY
Now, how do you demonstrate that the nuclear plant has achieved this minimal level of
risk? Just as in the complicated discussion of "de minimum" risk, the task of assuring safety and
reliability and protecting the plant investment is also a dull subject and the technical and engineering processes necessary to achieve it are of no interest to the public. But here is the real
challenge in the way of demonstration. Not one major test but thousands of tests to establish
materials integrity and compatibility, to test components to verify functionality and reliability, to test subsystems for the effective integration of various components, to establish failure
limits and failure mechanisms, to perform thermal-hydraulic tests, physics tests, materials
irradiation tests, tests of inspection methodology, and equipment thermal-cycling and fatigue
tests, and also containment systems and severe accident experiments and tests. Application of
professional society codes and standards is essential in perfon-ning and evaluating these test
data and in utilizing the derived design criteria and methodology. In applying these standards, we think it is iportant to provide substantial margins - more than has been the
practice in the past - over the strict interpretation of the standards and regulations in key
areas which bear strongly on safety, the environment, and reliability. And then come the ulti
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mate tests, verification of the effectiveness of the entire system as the plants operate over an
extended period of years including the surveillance testing, in-service inspections, diagnostic
monitoring, and operator qualification testing which contribute to that effectiveness. There is
no reactor system that has been developed to date that has passed this last demanding verification test with flying colors. It seems inevitable that the experience gained over multi-year
operation of these systems, including various upsets that inevitably occur, reveals weaknesses
that have to be corrected. The utilities judge that the renewed expansion of nuclear power will
start with the light water-cooled system because of this test and operational experience and
the accident experience, too. Three Mile Island was a demonstration of public safety under
extremely severe conditions from which a lot of lessons have been learned.
If every design element of the plant is addressed in an in-depth manner and the proper
emphasis given to human factors, backed up by testing, we will end up with what is the present
goal of the nuclear power industry - essentially trouble-free operations. It is trouble-free
operation which will engender the confidence of the public and which is essential in gaining
the confidence of potential investors and owner-operators of large, baseload installations such
as a nuclear power plant.
FURTHER DIFFERENCES OF OPINION
I have two additional concerns as to Professor Lidsky's thesis: Another reason why zero
risk cannot be demonstrated by one 'worst-case" test is that there is always the nagging
question, 'Has the truly worst case been tested?" Another counterproductive element of his
thesis is that zero risk can be demonstrated in its implicit rejection of a sound technical
definition of the de minimus concept discussed in the Special Committee Report. Such rejection
has occurred in some environmental advocacy groups and legislative initiatives. Developing
any industrial system which must comply with regulations which do not recognize de minimus
is not just a challenge, it is an impracticability.
I would like to make two final points, which are somewhat philosophical:
The primary thrust in Professor Lidsky's approach is to concentrate on the nuclear systems
and severe accidents. Experience has shown that insufficient emphasis has been given to the
non-nucleaT or balance-of-plant system and less to severe accidents which could lead, through a
sequence of events, to the ultimate severe accident. Admiral Rickover pointed up this need in
the very early days of the nuclear program with his statement that nuclear power is only %
physics but 95% engineering. The Kemeny Corrunission pointed up this need in their statement
of the over-preoccupation by the industry and regulators on the maximum credible accident.
The probabilistic safety analysis studies keep identifying this needand the data on reliability
and initiation of upset: conditions have shown significant problems in the non-nuclear systems.
The second point is that the biggest lesson learned over the years and highlighted greatly
from the experience with the hree Mile Island accident and the Kemeny Report was the need
to emphasize the human factor in these plants, and there is simply no way around that. Yes,
the plants should be designed and tested to minimize the safety and econon-tic impact of human
error as well as equipment error; but if one is to have truly trouble-free operation, oneneeds a
competent, highly trained staff that is vigilant in keeping the plant reliable and effective.
CONCLUSION
To sum up, there are key overriding issues which are independent of the specific nature of
the nuclear system itself which equire concentrated attention to assure public safety and
reliable, econ=dc operation:
• the need to keep the risk of external events to an acceptable level for all reactor systems
• the need to assure highly reliable operation of all elements of the system, many of
which are the same egardlessof what the nuclear system is composed of
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the importance of human proficiency in operating this total complex in a highly
reliable manner.
Nuclear system-specific demonstrations of public safety, although valuable, will not
accomplish this and will not convince the public that there is zero risk. The very claim that a
nuclear system or for that matter any big industrial complex, poses zero public risk raises a
credibility gap with the public and is, therefore, counterproductive. So, we must take the dull,
detailed technical steps to address the challenge:
• define the minimal risk and accept that there is no zero risk
• demonstrate the achievement of that risk by detailed testing, conformance to standards
and regulation, and trouble-free operation.
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AUDIENCES, RATIONALES AND QUANTITATIVE
MEASURES FOR DEMONSTRATIONS OF NUCLEAR
SAFETY AND LICENSING BY TESTS
DISCUSSION
Prior to the commencement of discussion, Mr. Robert Pikul presented a brief report of a
similar conference hosted by the MITRE Corporation in September of 1990 (see Attachment,
page 15), which he had organized.
'Me discussion following Session Five had much more of a "point/counterpoint" quality to
it than did the discussions in other sessions. Accordingly, the discussion is presented here in
primarily chronological order and essentially as quotes, which has not been done previously in
the Proceedings..
Lidsky: 'What Mr. Taylor says makes sense, but I would like to return to the issue of sense
and iationality. I come back to my feeling that nuclear power has a much higher barrier to
cross before it will gain public acceptance. If I ask myself whether I would rather be killed in a
tornado or a nuclear accident, I would pick a tornado any day, and I know about nuclear
accidents. I think that you would find other people taking a much stronger view concerning this
question. So my position is that the public is irational, and I can prove it.
"The issue of human factors that Mr. Taylor addressed is of key importance. It is clear
that if humans are involved in system operations, and if they must perform flawlessly at all
times, then the system will fail from time to time. Airplanes crash, and it is caused by human
failure more often than not.
'The issue of trust is also important. Whether you trust someone or not depends upon a
number Of irational and historical factors, things that change very slowly. The argument that
probabilistic safety analysis (PSA) permits a useful safety assessment is a good one, but if the
public does not believe the results of your analysis, then you you are going to be unable to
achieve anything with it. And in any cases of safety analyses of very complicated systems, I
am not sure I believe the results either. his is because I know how many times we have made
mistakes in trying to analyze very complex systems."
Participant A: "It came out in discussion yesterday that the public will not accept a claim
of absolute safety concerning any system that has a large inventory of stored radioactivity. We
are setting ourselves up for some problems if we claim we will be able to demonstrate absolute
safety. Various sources, including the Union of Concerned Scientists (UCS) in their recent report
on advanced reactors, have observed that there are such things as fires, that sodium and
graphite burn. We all recognize from a probabilistic point of view that these events are of
negligible probability, but we can not show this on an absolute basis. Our inability to model
external events accurately limits out ability to make a claim concerning absolute levels of
safety.
'Testing also has its place in terms of testing actual performance for certain discrete events
against expectations, the ecent EBR-11 loss of coolant flow and loss of heat sink tests for
example. However, it is a tap to base your entire safety philosophy and whole safety
demonstration on a test intended to indicate absolute safety."
Participant B: "Prof. Lidsky lists the worst case test as having the control rods out of the
core with a coolant loss and a malicious operator. What is the time frame for letting the
malicious operator work?"
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Lidsky: "He can work as long as he would like. I think after a week we could probably get
him out of the plant, but I have not really specified the test that carefully."
Participant C: "As a representative of the public, let me say there is a lot of value in what
the last two speakers have said. Maybe what we need is a combination of tests and analysis.
Prof. Lidsky, we are very sympathetic to your position on this. The public has a lot of trouble
understanding probabilistic risk assessments (PRAs). We can cite figures for expected accident
frequencies of 10-4, 10-5, 10-6 per reactor year, but you have to look at the other side of the coin.
From the public's point of view, if a bad accident occurs, there is the possibility of thousands of
people being exposed to high radiation in one single catastrophe.
'I am not saying that you should not continue to perforrn PRAs, but what scares us is the
remark of Commissioner Remick last night when he said, 'We do not know if all the plants in
operation today meet our safety standards.' That is a worrisome statement, and it reflects
limitations of PRAs. You can do them for a few plants, you can perform a lot of computer
simulations, but in the end you really do not know if all plants are going to live up to the results
of te available PRAs. Prof. Lidsky, how are you going to find a community that will accept
this plant which you would license by test?"
Lidsky: "That is easier than you might think. In your test program, you sneak up on the
worst case test. It is worth noting that in a hotbed of anti-nuclear feelings, just such a test was
done on the AVR reactor in Germany. So a severe test can be done, but you have to prepare
conditions carefully-'
Participant D: "Mr. Taylor, do you foresee any types of tests that could make a significant
improvement in the safety of reactors or could provide an explanation to the NRC of why they
could appropriately reduce some of their oversight? Prof. Lidsky pointed out that such a test
could take the public out of licensing and could remove the NRC from much of its current scope of
activities."
Taylor: "I do not see a test getting that result, because even if it were the most wonderful
result that you could imagine, I cannot envision the NRC reducing its oversight responsibility.
Also, the NRC has to have means of discharging that responsibility through such means as
reporting and by presenting a visible presence at operating plants, no matter what the results of
the test would be. In the LWR program, in the
FT test program, we have had this kind of
testing. The
FT program was a multi-billion dollar activity. People crept up in increasing
test severity for decades, and finally did an experiment that allowed the fuel to be damaged.
We were very much pressing that such a severe test finally be done, and we learned a lot.
"But these tests were nothing like the cases which we treat in a PRA, eflecting the serious
conditions that can ensue and the external events that can take place in an accident. The Three
Mile Island (TMI) accident is the best test we have had in the worldwide WR experience.
The accident was extremely serious, but it could have been even more severe. What might have
happened in a more severe case is something which we have to evaluate. We do not have the
test data needed to show such an outcome. So I agree that a combination of test and analysis is
appropriate, and in the more advanced systems that have not had a test, such as LOFI, such a
test probably has its place. However, I do not think that testing will accomplish as much as
Prof. Lidsky says."
Lidsky: "When I said that we could take the NRC out of the individual plant licensing
equation, I elaborated that idea to turn the NRC's role much more into one like that of the
Federal Aviation Administration (FAA). I think that I and many others would be happier
with that situation. However, clearly the NRC or some agency like it will continue to exist
and will have a role in policing reactors."
Participant E: "Prof. Lidsky, you stated that these requirements fr severe tests are
incompatible with defense in depth. Do not you feel that departing from use of defense in
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depth, after experiencing the benefits of the containment during the TMI accident, where it
proved to be invaluable, is somewhat unwise? Do you mean to abandon good engineering defense
in depth and hang all aspects of safety performance on a single design feature?'
Lidsky: "The idea of defense in depth was used as shorthand for layered, engineered
safety systems. There needs to be an equivalent shorthand to describe a system in which major
structural elements can fail, and yet the system can remain safe. With defense in depth, if you
had a containment in your test, and it survived the test, you would not have answered the
question which people will ask, 'What happens in your test should the containment also fail?'
The only solution to this problem is to create a core which, for one reason or another, cannot
fail.'
Participant E: "Your goal is so elusive that we cannot attain it. No matter what design
and test you propose, a critic can imagine a scenario that will defeat your one or two safety
barriers."
Lidsky: 'If the critic needs a meteor impact to create an accident serious enough to defeat
my safety barriers, I think we can win with the public and the NRC. If the critic is able to
defeat my barriers with a bad operator, we lose. Coing back to a point made earlier, that if we
set up a requirement like this, we will make a problem for ourselves, the real issue is very
different from this. We already have a problem, and it will take something very dramatic and
clever to get us out of it. The problem is that we will not, in the foreseeable future in this
country, use nuclear power. That is a bad thing for this country. It will not do to say that we
will continue as we have been and sooner or later things will work out."
Participant F: "Prof. Lidsky is posing a question in the form, 'What is a necessary design
criteria for public acceptance of the next generationT He then answers his question, and goes on
to illustrate how meeting his acceptance criteria should be demonstrated. Mr. Taylor, on the
other hand, focuses on design characteristics for the 'informed buyer.' We've already tried
examining the situation in terms of the informed buyer, and we have found evidence that
satisfying him may be a necessary condition, but it is not sufficient.
"I agree with Prof. Lidsky's characterization of what acceptance criteria need to be for the
next generation. I'm not convinced that full-scale testing will demonstrate everything which
we would like to show. But I remind people that public opinion is swayed by events, not nonevents. We've had some discussion of how TMI showed how safe nuclear power is, but in the
minds of most of the public, it showed how unsafe it is. So maybe full-scale testing is just what
we need, to show people that there is some substantial evidence that a reactor is safe.'
Taylor: 'From an engineer's viewpoint, TMI was a tremendously important test of a severe
accident, and it demonstrated the capability of containment to protect the public. Before that
accident, if you had asked us to try to picture the consequence of such an event to the public, our
answer would have included much more serious consequences than actually occurred. We have
learned a lot and have demonstrated safety. My point is the public didn't accept TMI as a
safety demonstration, and they won't accept a special demonstration test of a new reactor."
Lidsky: -TMI is the best example of why defense in depth tests are not convincing. This is
because the public looked at all the other exigencies, and said, 'if the operators had not done
what they did when they did it, we might have been in trouble; and if the hydrogen bubble
that may or may not have existed had caused an explosion, the containment might not have
worked! In my paper I expressed the sense that exact details of the test would have to depend
on a particular implementation of the nuclear systems. And I am hard-put, in the absence of a
concrete design of some kind, to specify the explicit test of a convincingly worst case.'
Participant G: "Prof. Lidsky said there was no nuclear imperative. An item which was
buried in that statement was the idea that nuclear power is more expensive than fossil power. I
take exception to that assumption. There are some plants that are more expensive and some
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that are less expensive than fossil power in terms of power generation cost. Future nuclear
plants with pre-licensing, standardization, and attention to cost factors will be less expensive
than current ones, particularly when costs are added to fossil plants in order to satisfy
environmental considerations.
'Also, the statement that we in the United States do not have to contribute to reduction of
greenhouse gas releases, like C02 and so on, because the rest of the world is going to continue
releasing them with abandon, is near-sighted and unfair to the efforts of this and many other
industrialized nations.
'Also, an issue arises concerning our relationship with the NRC. You propose that
regulators work in the offices of the designers and have a more collegial relationship, and then
have also a different, non-adversarial relationship with the operators and owners. We talked
yesterday about the public impression that our regulators are not independent now. Can you
imagine the public impression created by an NRC that has a nice, comfortable relationship
with the designer and the owner-operator? Opinion would sway further toward the idea that
the egulator is not independent. I think it is a good idea to have a better relationship, but I
don't think it will do what you say - convince the public this is the right way t Wk.
The
public wants the adversarial relation that we have today.'
Lidsky: 'I simply wish to move the NRC into more of a role like the FAA. I think it is
fair to claim the public has a lot more faith in the FAA than the NRC.
'With regard to your first point, I would like to make myself very clear. I did not say we
should not try to minimize C02- I said we would not. There is a lot of evidence for that. I have
been at meetings of the Edison Electric Institute, where people from Kentucky and Virginia last
year were claiming that there is no evidence that burning coal causes acid rain, and therefore
that we should continue to bum coal without worrying about acid rain until proof positive is in.
Human beings have a very good way of making their ethics follow their wallets. The real
trick is to make people do the right thing because it is cheaper and easier."
Participant H: "With regard to the analogy between the future NRC and the FAA, it has
not yet been observed that this analogy has limitations that may flaw its usefulness. With
respect to the type of licensing of aircraft performed by the FAA, we should note that it is
focused primarily on the operability of an aircraft model. What we are focusing on with
nuclear power is the safety performance of the plant when things go seriously wrong. Regarding
FAA licensing, we should note that we do not require an aircraft to survive crashes, fires, or a
host of other things. It seems to me there is a gap in the logic that needs to be closed before we
can use the FAA as our perfect model for the NRC."
Lidsky: "I point out that analogy is not equality."
Participant 1: "Concerning the C02 discussion, a few years ago we had the same
argumentation in Germany, which provides a contribution of 3 of the global C02 problem.
Since then, things have changed a lot, and reduction of such emissions is a national priority.
"If we should base the safety philosophy of nuclear power upon a worst case experiment,
we would make nuclear power a very special technology indeed. That's not a very common
approach in regulation of other technologies. Using Prof. Lidsky's example of the air transport
industry, if we were to follows his ideas, a test would begin with a series of 1000 planes crashing
onto a football stadium. That is not a very usual thing to do. What kind of worst case test
would be possible to perform and be capable of influencing public opinion? I am not convinced
the influence of such a test would be completely positive. For instance, in Germany we
performed worst case tests with the small high temperature reactor, the AVR: the complete
loss of coolant and loss of heat sink tests. The tests worked very well, but they did not increase
acceptance of that technology. Also, we tried to make some hydrogen burn tests at a power
plant, but it's not possible to get a license for that."
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Lidsky: "In the face of its expressed willingness to assume its burden for reduction Of C02
emissions, Germany is not looking very good from the standpoint of introducing new nuclear
power systems in the foreseeable future. With regard to nuclear power being a special
technology, it is, and has been since before we had nuclear power plants.
"The first time we see a plane coming out of LaGuardia Airport land in Shea Stadium in
New York, we will see changes all around the world regarding where planes are allowed to fly.
The public simply has not thought too much about that problem - it is one which has been too
expensive and difficult to think about. But that will change if need be, and it will take
another hundred years before planes are allowed to fly over stadia again.
"With regard to the AVR cooling interruption tests, dramatic pictures will be shown on
the American Public Broadcasting System this month. People in television who had assumed
that nuclear power would play no role in future energy supply, now, on the basis of the AVR
tests, are thinking maybe people should think about this question a little more. Such tests do
have an effect, and the effect is beginning to spread.'
Participant J: 'Maybe if we set up a test in which we try to blow up a plant, and invite
Jane Fonda, then people would pay more attention to it. I should point out that in the case of
the waste disposal problem, we have had at least one demonstration that approximates what
you suggest - that marvelous train wreck staged by the British. On television, a train hit a
wall at eighty miles per hour, and the shipping cask survived, but people still insisted
afterward that transport of radioactive wastes was too dangerous. I think that until the
infon-ned, but skeptical, elite certifies the validity of a test, there will be no advance in terms
of public acceptance.
"I would like to ask Participant C why the transport of radioactive material is still
regarded as being so dangerous in light of such a demonstration. If the response is that it still
isn't convincing, does not that substantiate the fact that many, if not all, of the skeptical elite
are fundamentally against nuclear energy under any circumstances?'
Participant C: "I am not so sure I can be included in the 'skeptical elite."
Participant J: 'Oh yes you can. You are elite, you are skeptical, you are informed. And you
have enormous power, much more than Dr. Beyea suggested yesterday. Tom Brokaw listens to
you, not me, and Tom Brokaw has enormous influence on the public."
Participant C: "First of all, my organization, as far as I know, at least for the last ten
years, has never raised serious questions about the transport of radioactive waste. We produced
a book called Radioactive Waste in 1980 or 1981 which said not only that the risks were
minimal, but also that geologic disposal had great potential. We saw it as the preferred
method and as being technologically feasible. We still see it that way.
'But going back to the discussion of yesterday, despite PRAs and other analyses, people
look at a whole range of technologies in judging nuclear power. For example, the Challenger
shuttle accident comes into that. Twenty-four safe launches of the shuttle occurred, and then
one went wrong, despite all the computer simulations and evaluation models. People subscribe
to 'Murphy's law.' And whether a skeptical elite would endorse a technology would not make
much difference in the face of negative evidence.'
Participant H: "I would like to point out that one of the shocking revelations in the
aftermath of the Challenger shuttle accident was that PRA had in fact not been used as a basis
of the design, even though it had originated as a technique within the space program."
Lidsky: "Ibe British waste transport test was a very dramatic demonstration, but I should
point out that it was featured primarily in video tapes that circulated among the unskeptical
elite and in Nuclear News. There were few pictures from this test on American TV. We have
learned from advertising that to make a message stick in the minds of an audience, you do not
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show something once, you show it many times. That test could be a very convincing thing, but
we never attempted to convince people about its message, because waste transport is not at the
moment the key problem.Taylor: "Me problem is that we technologists do not know how to communicate with the
public. We show the videotape, and the uninitiated sees this big explosion, and says, 'Oh my
god, is that the kind of thing that can happen to this radioactive waste cask?' It creates more
questions than answers. We ought to try to do our engineering job right the first time, and not try
to change the way that we get our job done in the hope of changing public opinion. This is
because we don't know how to do that.
"Further, I am convinced there is a rationality in how the public considers these matters.
When the need for more nuclear technology becomes sufficiently apparent, the Spport for using
it will be there, if we have something truly valuable to offer. That is why we have to tend to
our knitting at this point, and create some worthwhile products."
Participant C: 'I am a little nervous about the drift in this discussion of looking at the
safety demonstration test as a public relations tool. We need to ask if the reactor vendors,
utilities, and designers could learn something in terms Of improved design from a full-scale test
that they might not be able to learn through PRAs."
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REPORT ON THE MITRE CORPORATION CONFERENCE THE FUTURE OF NUCLEAR POWER: RESPONDING TO
THE CHALLENGES OF PUBLIC CONCERNS
The MITRE Corporation held a conference 56 September, 1990, which was similar to this
conference in some ways. The two meetings were organized to avoid duplication to the extent
possible. Mr. Robert Pikul reported on aspects of the MITRE meeting:
"There are three points that I would like to cover: our objectives, a few observations
regarding similarities and differences between the MIT and MITRE meetings, and some
vignettes on results of the conference. We expect to produce the conference report in November.
The title of the conference was The Future of Nuclear Power, Responding to the Challenge of
Public Concerns. It provided a forum for public interest groups as well as other players in the
nuclear power controversy, including utilities, academics, regulators, technical supporters, the
United States Department of Energy, reactor vendors, and the financial community to discuss
what criteria are acceptable for having a continued nuclear power economy. Using criteria
determined by the public interest groups primarily, we were able to identify areas where there
seems to be some closure currently, either from a technical, political, or regulatory standpoint.
In other areas where there was a gap of ideas, we were able to identify paths by which we
might come to common closure.
-The formats of the two days were different. The first day consisted of presentations,
while the second day consisted of discussions in which everyone participated. There were four
sessions on 1) advanced reactors and concerns 2 the rest of the fuel cycle with an emphasis on
waste disposal and some discussion on reprocessing, 3 regulatory issues and concerns, and 4)
financial and economic issues. Issues in many cases overlapped. We are still evaluating the
results. However, one of the fundamental themes of the meeting was the lack of trust among
the participants. We have seen that again here.
"Technical issues addressed the necessary conditions but not the sufficient conditions for
acceptance. In addition, these issues must be addressed in the socio-political environment - it is
not a purely nuclear issue. In the U.S., in general, people mistrust institutions and leadership.
This was brought out yesterday in discussion and also recently in a study performed by the
National Academy of Science on risk and public perception of risk.
"Other discussions concerned safety regulatory reform: there was some acknowledgement
that the current process is somewhat broken and could Iv fixed. It is not very efficient. But
there was also a strong point made that the process cannot be fixed in a way which causes
either actual or perceived infringements on the rights of the public and its ability to
participate in the licensing process. 'Mere was some discussion yesterday about the informed
elite and its role. However, I would place everyone in this room in the category of elite. We
also had participation from the grassroots elite, composed of concerned citizens, not fringe
groups, who recognize that there are issues of their own at stake here. They want to have some
infon-ned participation where they could interact with and make their concerns known to the
elite, and have their influence felt. The comment was made that if any effort were made to
reduce public participation in improvement of the system, it would be absolutely unacceptable.
We must not frget
this is a democracy.
"One of the eactor vendors asked te public interest groups if they would be willing to
support the industry at the time of licensing if they were allowed to participate in the design
and planning process from the bginning. The answer was,'We are not ready for that yet.' This
was another indication of the lack of trust by the interested parties and lack of closure on the
issue of acceptable new technology.
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"An interesting point was brought up. The comment was made that after all we only want
the nuclear power option to be evaluated to the same standard at which we evaluate other
technologies. The challenge was then posed, 'Do we really mean that?' For instance, do we
want nuclear technology evaluated at the same standards as fossil fuels from, say, the
standpoint of waste disposal? There is some financial revenue being collected from electricity
rate payers presumably for waste disposal. However, is anyone doing anything like the same
thing to ensure C02 gets taken out of the coal before burning? Should doing so be considered, and
would that fall within the parameters of an equal standard? If so, perhaps the economic
equation might change. Yesterday the question was posed of whether the NRC standards
should be raised to meet improved technological capabilities, and the answer was no. One
wonders whether that rsponse should not be examined further.
'The issue of whether nuclear power is needed was brought up and discussed in the context
of the general public's awareness Of whether there is a need for any kind of power at all. It was
agreed that it is only within that context that the public becomes concerned with the nuclear
energy issue. It came out that most people may not oppose nuclear power, in fact they may
believe that it probably has some role in the future, but not today."
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SESSION SIX

PUBLIC PREFERENCES AND RISK PERCEPTIONS

PERCEPTION OF RISK AND THE FUTURE OF NUCLEAR POWER
Paul Slovic
University of Oregon and Decision Research

RESPONSE BY
Victor McElheny
MIT, Knight Journalism Fellows Program

INTRODUCTION
Session 6 - Public Preferences and Risk Perceptions
This session was among the most important of the Conference, as it addressed most directly
issues of what nuclear power must do in order to gain public acceptance. In organizing this
session paper authors were sought who had examined how the public forms preferences and
aversions to different technologies and how information concerning technologies is communicated to the public.
The keynote paper was presented by Dr. Paul Slovic, Professor of Psychology at the
University of Oregon and President of Decision Research. Dr. Slovic has an extensive
background of research examining factors which correlate with technology aversion and
preference, including those for nuclear technologies. The respondent paper was given by Mr.
Victor K. Mc Elheny, Director of the MIT Knight Journalism Fellows Program. Mr. Mc Eheny
has been a science writer and a student of technology and the edia.
The thrust of the keynote paper is that several adverse causal factor affecting public
acceptance are correlated with nuclear power, rendering it almost singularly dreaded by the
public. Additionally, evidence was presented that strong public distrust exists concerning most
institutions dealing with various aspects ofnuclear technology. It is argued that once such trust
has been lost it is very difficult to regain.
In the respondent paper it is noted that the United States public is typically accepting
and trusting of many types of new technologies, and that public acceptance of a technology is
rarely decided by referendum - as has often been attempted concerning nuclear power. In both
respects nuclear power appears to be singular.
The following discussion displayed an important consensus that the fundamental obstacle
to public acceptance of nuclear power is the lack of trust by the citizenry, not ignorance - as is
often contended by nuclear power's proponents. To the extent that this understanding is correct,
the traditional efforts of the nuclear power enterprise to gain acceptance are probably
misdirected. If the impediment is lack of trust, the efforts of the industry at public education
concerning the nature of the technology will be unlikely to lead to acceptance.
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PERCEPTION OF RISK AND THE FUTURE OF NUCLEAR POWER
Paul Slovic
INTRODUCTION
Scientists and policy makers were slow to recognize the importance of public attitudes and
perceptions in shaping the fate of nuclear power. In 1976, Alvin Weinberg observed:
"As I compare the issues we perceived during the infancy of nuclear energy with those
that have emerged during its maturity, the public perception and acceptance of nuclear
energy appears to be the question that we missed rather badly.... This issue has
emerged as the most critical question concerning the future of nuclear energy." [11
Today, fourteen years later, the problem of public acceptance is even more critical. Either
the problem is damn tough or we have not been working hard enough to solve it (I suspect that
both of these assertions are true). Public support for nuclear power has declined steadily for a
decade and a half, driven by a number of powerful forces and events. In mid-March of 1979, the
movie The China Syndrome had its premier, dramatizing the worst-casepredictions of the earliest risk assessment studies. Two weeks later, events at Three Mile Island made the movie
appear prophetic. Succeeding years have brought us Chernobyl and other major technological
disasters, most notably Bhopal and the Challenger accident. The public has drawn a common
message from these accidents - that nuclear (and other) complex technology is unsafe, that expertise is inadequate, and that government and industry cannot be trusted to manage nuclear
power safely. These dramatic accidents and the distrust they have spawned have been reinforced by numerous chronic problems involving radiation, such as the discovery of significant
radon concentrations in many homes, the continuing battles over the siting of facilities to store
or dispose of nuclear wastes, and the disclosures of serious environmental contamination emanating from nuclear weapons facilities (at Hanford, Fernald, Rocky Flats and Savannah River).
PSYCHOMETRIC STUDIES OF RISK PERCEPTION
Not surprisinglythe nature and determinants of public attitudes and perceptions regarding
nuclear power have been the focus of considerable research. The psychometric approach to
studying risk perception 21 assumes that hazards can be characterized in terms of numerous
characteristics or dimensions, analogous to the personality traits that characterize people.
Nuclear power has a special distinction in the perception literature - it is, to date, the technological hazard with the most negative and most problematic constellation of traits. It stands
apart in having qualities that make it fearsome and hard to manage socially and politically.
The mapping of nuclear power's "personality" began in the mid-1970s with a series of
psychometric studies designed to determine why people were very concerned about some
hazards and not others, and why these concerns often differed from experts' assessments of risk.
[3 4 An early study assessed perceived risk of death (for the US. as a whole) from thirty
activities and technologies. Three groups of lay people and a small group of risk assessment
professionals took part in the study [5]. The results demonstrated great concern regarding
nuclear power (it had the highest perceived risk for two of the lay groups) and great disparity
between the perceptions of laypeople and the perceptions of experts (whose ratings placed
nuclearpOWCT20th from the top of the list of thirty hazards).
Some have argued that public concern about nuclear power reflects a concern about
radiation risk in general, but the groups of laypeople in this study rated another radiation
technolo
medical x-rays, rather low in risk (17th - 24th) and the experts rated it relatively
high - 7l. Apparently it was not radiation per se that was a concern to these people, but
radiation as one may get exposed to it through the technology of nuclear power.
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In an attempt to go beneath the surface of these global judgments, respondents were also
asked to rate nuclear power, x-rays and other hazards on a number of dimensions or attributes
presumed relevant to perception and acceptance of risk. These ratings showed that nuclear
power had the dubious distinction of scoring at or near the extreme negative end for most of the
characteristics. Its risks were seen as involuntary, unknown to those exposed or to science, uncontrollable, unfamiliar, catastrophic, severe (fatal) and dreaded. Medical x-rays, in contrast,
had a much more benign profile. Nuclear power's perceived benefits were also assessed and
were found to be extremely low. These results have since been replicated with many different
populations in numerous countries 6 7 8 9 10, 11, 121. Perceptions of risk associated with
nuclear waste and its management are similarly negative 13,14,15,16,17,181. When asked to
state whatever images or associations came to -dnd when they heard the words "underground
nuclear waste storage facility," a representative sample of Phoenix, Arizona, residents could
hardly think of anything that was not frightening or problematic (see Table 61). The disposal
of nuclear wastes is a technology that experts believe can be managed safely and effectively.
The discrepancy between this view and the images shown in Table 61 is indeed startling.
Table 61
HIERARCHY OF IMAGES ASSOCIATED WITH AN
"UNDERGROUND NUCLEAR WASTE STORAGE FACILITY"
Category

Emquen

Images Included in Catego!y

1. Dangerous

179

dangerous, danger, hazardous, toxic,
unsafe, harmful, disaster

2.

107

death, sickness, dying, destruction,
lethal, cancer, deformities

3. Negative

99

negative, wrong, bad, unpleasant,
terrible, gross, undesirable, awful,
dislike, ugly, horrible

4. Pollution

97

pollution, contamination, leakage,
spills, Love Canal

5. War

62

war, bombs, nuclear war, holocaust

6. Radiation

59

radiationnuclear, radioactive, glowing

7. Scary

55

scary, frightening, concern, worried,
fear, horror

8.

49

would not want to live near one, not
where I live, far away as possible

44

unnecessary, bad idea, waste of land

Death/Disease

Somewhere Else

9. Unnecessary
10.

Problems

39

problems, trouble

11.

Desert

37

desert, barren, desolate

12.

Non-NV Locations

35

Utah, Arizona, Denver

13.

Storage Location

32

caverns, underground salt mine

14. Goverriment/Industry

23

government, politics, big business

Source: Survey of 400 residents of Phoenix, Arizona 171
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The perception of nuclear power as a catastrophic technology was studied in depth by
Slovic, Lichtenstein, and Fischhoff 151. They found that, even before the accident at Three
Mile Island (TMI), people expected nuclear-power accidents to lead to disasters of immense
proportions. When asked to describe the consequences of a "typical reactor accident," people's
scenarios were found to resemble scenarios of the aftermath of nuclear war. Replication of these
studies after the TMI accident found even more extreme images of disaster." he fact that the
earliest technical risk assessments for nuclear power plants portrayed 'worst-case scenarios' of
tens of thousands of deaths and devastation over geographic areas the size of Pennsylvania
likely contributed to such extreme iages (see Ford 191). These early projections received
enormous publicity, as in the movie The China Syndrome.
ORIGINS OF NUCLEAR FEARS
The origins of people's fears about nuclear energy appear to be deeply rooted in our social
and cultural consciousness. Weart 201 argues that modem thinking about nuclear energy
employs beliefs and symbols that have been associated for centuries with the concept of
transmutation - the passage through destruction t ebirth. In the early decades of the th
century, transmutation images became centered on radioactivity, which was associated with
.uncanny rays that brought hideous death or miraculous new life; with mad scientists and their
ambiguous monsters; with cosmic secrets of life and death; ... and with weapons great enough
to destroy the world....' 1211
But this concept of transmutation has a duality that is hardly evident in the imagery
associated with nuclear power and nuclear wastes. Why has the evil overwhelmed the good?
The answer undoubtedly involves the bombing of Hiroshima and Nagasaki, which linked this
belief structure t eality. The sprouting of nuclear power in the aftermath of the atomic
bombing has led Smith 221 to observe:
"Nuclear energy was conceived in secrecy, bom in war, and first revealed to the world
in horror. No matter how much proponents try to separate the peaceful from the
weapons atom, the connection is firmly embedded in the minds of the public."
Further insights into the special quality of nuclear fear are provided by Erikson 231, who
draws attention to the broad, emerging theme of toxicity, both radioactive and chemical, that
characterizes a "whole new species of trouble" associated with modern technological disasters.
Erikson describes the exceptionally dread quality of technological accidents that expose people
to radiation and chemicals in ways that "contaminate rather than merely damage; ... pollute,
befoul, and taint rather than just create wreckage; ... penetrate human tissue indirectly rather
than wound the surface by assaults of a more straightforward kind" (p. 120). Unlike natural
disasters, these accidents are unbounded. Unlike conventional disaster plots, they have no end.
"Invisible contaminants remain a part of the surroundings - absorbed into the grain of the
landscape, the tissues of the body and, worst of all, into the genetic material of the survivors.
An 'all clear' is never sounded. The book of accounts is never closed" (p. 121).
IMPACTS OF PERCEPTIONS
During the past decade, research has also shown that individual risk perceptions and
cognitions, interacting with social and institutional forces, can trigger massive social, political,
and economic impacts. Early theories equated the magnitude of impact to the number of people
killed or injured, or to the amount of property damaged. The accident at TMI, however,
provided a dramatic demonstration that factors besides injury, death, and property damage
impose serious costs. Despite the fact that not a single person died at TMI, and few if any latent
cancer fatalities are expected, no other accident in our history has produced such costly societal
impacts 124, 25). In addition to its impact on the utility that owned and operated the plant,
this accident also imposed enormous costs on the nuclear industry and on society. These came
through stricter regulation, reduced operation of reactors worldwide, greater public opposition
to nuclear power, eliance on more expensive energy sources, and increased costs of reactor
construction and operation.
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A theory aimed at describing how psychological, social, cultural, and political factors
interact to "amplify risk" and produce ripple effects has been presented by Kasperson, Renn,
Slovic, et al. 261. An important element of this theory is the assumption that the perceived
seriousness of an accident or other unfortunate event, the media coverage it gets and the longrange costs and other higher-order impacts on the responsible company, industry, or agency are
determined, in part, by what the event signals or portends. "Signal value" reflects the
perception that the event provides new information about the likelihood of similar or more
destructive future mishaps.
The informativeness or signal value of an event, and thus its potential social impact,
appears to be systematically related to the characteristics of the hazard. An accident that
takes many lives may produce relatively little social disturbance (beyond that caused the
victims' fandlies and friends) if it occurs as part of a familiar and well-understood system (e.g.,
a train wreck). However, a small accident in an unfamiliar system (or one perceived as poorly
understood), such as a nuclear reactor, may have immense social consequences if it is perceived
as a harbinger of further (and possibly catastrophic) mishaps.
The concept of accidents as signals helps explain our society's strong response to problems
involving nuclear power and nuclear wastes. Because these nuclear hazards are seen as poorly
understood and catastrophic, accidents anywhere may be seen as omens of future disasters
everywhere, thus producing large socioeconomic and political impacts.

A CRISIS OF CONFIDENCE
The research described above demonstrates extreme negative perceptions and attitudes
associated with nuclear power. This degree of negativity is remarkable in light of the
confidence most technical analyses have regarding the safety of nuclear technology. Chauncey
Starr 271, pointing to the public's lack of concern about the risks from tigers in urban zoos, has
argued that "acceptance of any risk is more dependent on public confidence in risk management
than on the quantitative estimates of risk... (p. 98). Public fears and opposition to nuclearwaste disposal plans can be seen as a 'crisis in confidence," a profound breakdown of trust in the
scientific, governmental, and industrial managers of nuclear technologies.
. Viewing the nuclear-waste problem as one of distrust in risk management gives additional
insights into its difficulty. Social pychological studies have validated "folk wsdom! by
demonstrating that trust is a quality that is quickly lost and slowly regained 281. A single act
of embezzlement is enough to convince us that our accountant is untrustworthy. A subsequent
opportunity to ebezzle that is not taken does little to reduce the degree of distrust. Indeed, a
hundred subsequenthonestactions would probably dolittle to restore our trustin this individual.
In this light, it is apparent that the odds are stacked against nuclear power. The nature of
any low-probability/high-consequence threat is such that adverse events appear to demonstrate riskiness, but demonstrations of safety require a very long time, free of damaging
incidents or incidents perceived as damaging. As noted earlier, the high "signal value" associated with nuclear power mishaps assures that any significant problem, anywhere in the world,
will be brought to the public's attention, continually eroding trust.

THE FUTURE OF NUCLEAR POWER
What are the chances f a rebirth of nuclear power, driven by new reactor designs and a
heightened awareness of the need for nuclear power (along with a growing awareness of the
risks associated with other sources of eergy)? Certainly an increased perception of benefit or
need wl increase public tolerance, if not public acceptance, of nuclear risks. Our society's toler-

ance of nuclear weapons testifies to this fact. However, in the absence of revolutionary changes
in the ways that risks are managed in our society, it is not likely that public trust, confidence,
and acceptance can easily be regained. For example, although the consensus opinion of
technical experts asserts that nuclear wastes can be sequestered with essentially no chance of
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any member of the public receiving a non-stochastic dose of radiation 291, public perceptions do
not eflect this view. Why will the public be more likely to believe that the new generation of
reactors are inherently safe? Weinberg 291 argues that special interest environmental groups
(skeptical elites) could turn the tide of public opinion by siding with nuclear power as a solution
to the greenhouse poblem. It appears likely, however, that environmentalists will embrace
conservation and energy efficiency rather than nuclear power 301.
In the long run, an old problem dating to the birth of nuclear weapons may rear its head.
As noted by Williams and Feiveson 311, to assure an adequate fuel supply, worldwide uranium
shortages will provide strong motives for reprocessing spent nuclear fuel into plutonium, making
it widely available as a stimulant for nuclear weapons proliferation. So far we have been
saved from this prospect because of the relatively slow development of civilian nuclear power,
and the establishment of substantial international monitoring. Nevertheless, reborn nuclear
power may accelerate the proliferation threat and require 'unprecedented institutional
changes' worldwide.
In conclusion, before we spend billions of dollars pursuing a path that is destined to lead to
failure, we should pause for a moment to confront the problem of trust. Restoration and preservation of tust in risk management needs to be given top priority. A solution to the problem of
trust is not immediately apparent. The problem goes beyond the nuclear industry (e.g., the
chemical industry is similarly troubled). The problem is not due to public ignorance or irrationality, but is deeply rooted in individual psychology and in the adversarial nature of our
social, institutional, legal, and political systems of risk management. Public relation efforts
will not create trust. Aggressive and competent government regulation, coupled with increased
public involvement, oversight, and control, and a "trouble free' performance record n-dght.
We can be sure, however, that without a serious effort to address the problem of trust,
neither public acceptance nor a rebirth of civilian nuclear power in the United States will be
achieved.
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RESPONSE TO

PERCEPTION OF RISK AND THE FUTURE
OF NUCLEAR POWER
Victor Mc Elheny
Prof. Slovic has made it seem very hard to go on with nuclear power. If you were going to
base technological development on fears expressed in a public-opinion poll, I guess we would not
have had the last two hundred years. In order to stimulate discussion from the vantage point of
someone who has been a newspaper and television and magazine reporter for the last thirty
years and is now at MIT, I will try to throw even more skepticism into this.
What you have heard is that there is sme science of probing public opinion as an
undersupported kind of scientific inquiry. Prof Slovic is finding his supporters where he can,
such as a public body that wants to understand what public opinion is in Nevada or California
or around the country. There are other interested parties who are not funding any social science
.research on what public opinion is. I think the electric utility industry in the United States
and other countries should see whether someone like the European Community, or our own
National Science Foundation, or other agencies, are Spporting this sort of esearch.
The research deserves attention; it deserves to be done more deeply. The term "social
science' is not an oxymoron. That has to be remembered. Social psychology is not an oxymoron
either. But we also have a deeper social science problem: 'what is the relationship between
attitudes and opinion, and action?" We do not have, obviously, a pebiscitary world, in which
technologies are adopted by votes of the people. And, generally speaking, we do not have a
world in which the technologies are dis-adopted by votes of the people, either. The nuclear
field seems to be a little special: we do have some cases in recent years of votes of the people in
certain jurisdictions, for example Sweden or Italy or Sacramento, California, of pulling back,
ordering a shutdown by a certain date. Austria is included as another example. This is very
unusual in the history of technology. That again makes one ask, "What is so special about this
technology? Why does this happen?"
In our own domestic politics in the United States, examples of renunciation of a civilian
technology that I can think of easily are the Supersonic Transport, where we made a social
decision not to subsidize production of the 2000 mile per hour Boeing embodiment, and the
related decision to begin restricting the use of chlorofluorocarbons (CFCs). We began doing the
latter in the 1970s, more as a fallout of the Supersonic Transport debate than the self-standing
concern it has become. We now have global arrangements to cut back on CFCs, and it would
appear that the ones that we have had are going to be tightened. Those are very unusual in the
history of technology. it was not a vote of the people that caused inter-urban trams to go out of
service. You can look at the history of Los Angeles and say there were some local votes of bodies
that were manipulated to hasten the decline of them, but on the whole, technologies are not
voted up or down by the people. This is not a plebiscitary thing. In polling, there is an
implication that you are taking a sounding of the people and are acting as a result of that
sounding. Perception is that everyone is pushing their button, and then you do something.
We know that the relationship between people's attitudes and opinions and their writings
and speakings, and actual actions in this society ae very difficult. You need to be studying that.
And I do not think that I should overemphasize how easy it would be to study that. There
have been attempts in the past, like Bernard Bailyn's Ideological Origins of the American
Revolution, which attempts to look at the pamphlets of what remains a very puzzling and
interesting period in our history, to try to understand what the opinion was, how that opinion
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evolved. Then when you get done with data that a historian can look at, where are the springs
of action? Why did people come to arms? Why did people actually separate from Britain?
That is really puzzling. I think we need to look at that in current terms, too.
More than thirty years ago, in college, I did a senior paper on the psychology of public
opinions. I developed and tested protocols to administer to a couple hundred students and
discovered to my amazement that the political questions formed what are known as Gutmann
scales of intensity of belief, and that scores on these scales correlated quite closely with
developed scales of opinion about interpersonal relations. That was a nice discovery. In the
decades since, I have covered as a newspaper and magazine reporter a wide range of scientific
discoveries and technological developments, including the exploration of space and the
installation of nuclear power plants. My work as a reporter has also pushed into many sorties
into the history of technology, and the questions I just referred to as to whether technologies are
adopted, advanced, or renounced on the basis of opinion. I must ask how the constant theme of
opposition to the social change and presumed physical danger of new technology can be
reconciled to the astonishing and continuing public compliance with a rolling wave of new
technological possibilities in such fields as transportation, computation, and medical care. We
are complying every day with technological change. Why does not this happen in the nuclear
field? Or perhaps it is happening.
All of this should make us extremely skeptical of the notion that public opinion will
determine the fate of nuclear power options in the future any more than it has in the past.
Although our society does a great deal of polling, largely to determine the efficacy of
advertising messages in selling products and the electability of political candidates or the
saliency of particular themes that they should utter, I must beg leave to doubt that we base
many of our technological decisions on polls.
I am confronted all the time with the large uncertainties about who reads or listens to or
looks at reporting about technical matters. Why are they interested? What actions do they
take on the basis of informally communicated journalistic information? I and other members of
the press present here today, clacking away at a little word processor in an often windowless
room, are very far away from the audience. We do not know much about who is reading us and
why, and what the impact is.
There is evidence that people change their behavior on the basis of informally communicated information. It is measured by such objective indices as the number of cigarettes smoked,
the median tar delivered per cigarette, the amount of milk or pork or chicken consumed, the
number of exercise shoes sold, the proportion of men and women of various ages and high school
students reporting themselves as smokers, even changes in age-specific death rates from lung
cancer, still going up for women and trending down from an awfully high figure for men. These
changes are not merely driven by the advice of doctors or by advertising messages, but also by
information steadily transmitted by science and medicine reporters. These areas demonstrate
what can be called the science reporter effect, or the journalism or media effect.
It seems likely that journalistic reporting about nuclear power, following the familiar
cycle of uncritical enthusiasm, followed by uncritical skepticism, helped fan popular
enthusiasm for this option at the beginning, and helps now to strengthen a vast array of legal
maneuvering designed to hobble and eventually kill nuclear power.
But how essential is public opinion in determining our technological choices? Humanity
did not adopt iron and coal mining by plebiscite, or the Newcomen or Watt steam engines for
mine drainage, or water power for grinding grain into flour, or driving the cardin& spinning and
weaving in textile mills, or iron foundries to fabricate rails and wheels and engines for trains, or
machine tools to build reapers and sewing machines and firearms, or for giant steam engines and
dams for electricity generation, or the assembly line for manufacturing cars, or drilling for oil or
gas, or the taking by eminent domain of rights of way for highways, roads, gas pipelines, and so
on. We have to face the fact that we are not dealing with a plebiscitary phenomenon. We
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are dealing with a very complex interaction between fairly small groups of investors and
entrepreneurs and public bodies, the people who put together the technology, the ideas, and
the money, ad give projects the green light.
And to what extent the public entered into this in the past, or whether this is somehow
fundamentally changing in the present, I have to be a little skeptical. Almost all the
interventions in technology are at the margins, involving regulation of rates or labor rules or
safety or defining just compensation for property taken by en-dnent domain. The fundamental
presumption in all this regulation is that progress is good, that technological change is good.
The legal decisions of our Supreme Court and our state courts, over 200 years of Arnerican
history, have this presumption in them. I do not think it is reversed by some other concerns
that we have been hearing about today.
You have been talking all during this conference, and you will continue to talk about public
perceptions. But that is only part of the task of convincing that you have to do. There are a lot
of very complicated social science questions. Believe me, they are very complicated for the
social scientists as well as for the aateur social scientists that you all are becorning.
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PUBLIC PREFERENCES AND RISK PERCEPTIONS
DISCUSSION
The topic of public perception of nuclear power had entered, if not don-tinated, the
discussion of the first five sessions. The discussion of this session dealt with public acceptance
on a broader level and provided much "food for thought" concerning the reasons for the public's
rejection of nuclear power. It also suggested possible avenues by which acceptance might be
regained.
One participant described his perception of the Conference participants as being that of a
group of people who have been at war for a long time, who love a set of devices, and who are not
primarily interested in solving national energy supply problems. He went on to say that that
providing energy is the national problem, not the task of getting new power reactors deployed.
Much would change in the publics perceptions if efforts to promote nuclear energy were more of
an attack upon national problems and a search for alliances. He suggested a list of topics that
need to be addressed in order to resolve some of the issues facing the industry today: energy
efficiency, renewable energy sources, reduced radiation exposures overall, and the nuclear
weapons connections of nuclear electricity.
Concerning energy efficiency, he asked the rhetorical question, 'Why do we want energy
for its own sake, much less nuclear energy for its own sake?" His answer was that we do not, if
we intend to solve the nation's energy problem. We want an efficient, economical energy
economy; we want to see investments made that balance the objectives of supply and demand.
He asserted that if the nuclear power industry would start out saying this, ather than saying
it wants to have a reactor designed and deployed by a certain time, the industry would win
more friends. The thinking should be that we have to produce some energy, but not more than
we absolutely need, because energy is not a good thing in and of itself - it is beneficial only in
terms of the needs which it serves.
Concerning renewable energy sources, this participant noted that most of the people at the
conference probably thought of them as a joke, judging from the fact that the only alternatives
to nuclear power suggested in the papers and previous discussions were non-renewables. He said
that if those in the nuclear power industry think bulk renewable power is crazy, they should
encourage research on it to show that this is so. The nuclear industry should say that we ought
to deploy 10% of the national labs' efforts into advancing renewables right now, to see what
their relative merits ae. He pointed out that renewable energy is not a joke to some of the
people who write the checks to some of the organizations that give nuclear energy such a hard
time. He admitted that he worries about environmental impacts of large-scale solar power,
such as land and water demands. He suggested nuclear power advocates should share resolving
that overall agenda.
Concerning overall radioactivity exposures, he cited the nation-wide incidence of radon in
homes and other buildings, pointing out that living in a house with radon levels of 1.5 rem
throughout the house and 6 rem in the basement exposes one to a dose three or four orders of
magnitude higher than from the emissions being dealt with by the nuclear power industry He
added that the activities of the plasma physics labs are particularly interesting because they
go through environmental assessments for projects such as the Compact Ignition Torus where
they promulgate radiation exposure standards a few orders of magnitude lower than those of
fission in order to distance themselves from fission technologies.
In this process incredibly large investments are made in order to reduce radiation doses
marginally. Doing this makes no sense in light of the ambient radon exposures within in the
community in which people live. He noted that the fission industry says, "You are so easy on
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radon, how can you be so tough on us?" Rather, they should turn that around and say, "We are
interested in reducing national radiation exposures in all forms. It is our job to mobilize and
help wherever we can with instrumentation, epidemiology, and other efforts, to make the
radon problem a lot less severe. We think n-dnimizing total adiation exposures is what is
important.' This is another place where alliances are missing at present; instead the radon
issue is going away as a political issue, yet radiation exposures persist and irrationality concerning radiation continues.
Concerning nuclear weapons, he asked why the nuclear industry is passing up the
opportunity to contribute to nuclear weapons reductions. Doing so is a politically good thing and
is widely understood to be so. The nuclear power industry should say, This is our turf, we
understand nuclear materials and verification of material production histories. We can take
this thing on and be the leaders in idding the world of most nuclear weapons. Let us create the
needed international institutions. Let us tell the world that we know there is a connection
between nuclear weapons and nuclear power, and that we want nothing to do with nuclear
weapons and will help the world get rid of them.'
He also asked, "Why is there such casualness within the United States' nuclear power
industry about the reprocessing of civilian wastes in Britain, France, and Japan? Being
unconcerned about reprocessing seems an ideal way for the nuclear industry to shoot itself in the
other foot. How can the industry identify the High Temperature Gas-cooled Reactor (HTGR)
as the best reactor of the next generation technology, and then make its first example of this
technology be a tritium production facility? This is definitely the wrong way to gain public
acceptance of the next generation of reactors. The industry must be proactive and stop using the
same old arguments which enjoy no acceptance.'
This view on the need for new alliances if nuclear power is to regain acceptance was
concurred with by Prof. Slovic, who added that the nuclear power industry should attempt to
find some way for its energy and creativity to be applied to the broader problems which are all
intersecting in the current energy situation. The industry should support efforts to create
independent agencies to cope with the managerial problems of controlling technological risks.
It should provide funding for thinking and creativity in this area, but should do so at a distance
so it can not be accused of trying to manipulate this effort for its own benefit.
It was mentioned by one participant that one method being considered to make radioactive
wastes more palatable is to reduce the amount of long-lived wastes requiring permanent
disposal, by chemically separating the long-lived portion of the waste, and then transmuting
that portion to shorter-lived forms in another nuclear device. The wastes then buried in the
ground would reach a toxicity level similar to that of natural uranium ore after only 1000 years,
as opposed to a
lion years. It was asked of Prof. Slovic whether he thought such a program
would change public perception of the risks associated with the disposal of nuclear wastes, and
if doing so would justify the pains of developing all the chen-dcal and nuclear processes
required. Prof. Slovic doubted it would have a great effect upon the public, reasoning that if
one were to ask people how long they thought that these wastes will have to be buried before
they were safe, people would not have a very good sense of the answer. On the other hand,
such an argument might take hold with the "skeptical elite."
One participant posed the following question to Mr. Mc Elheny: 'If you think, as you
seemed to indicate, that public perception is not central to the issue of whether nuclear power
technologies can be used, can you explain the troublesome incident which occurred with regard
to the monitored retrievable Storage facility which was scheduled to be placed in the Oak
Ridge, Tennessee area? Most of the local people were very much in favor of the facility, and
locally it was thought that it would be built without opposition. Yet, every politician in
Tennessee decided that he was against the facility. Apparently, they thought that for them
to vote for or even to be willing to accept the facility they would be thrown out of office. This
seems to support Prof. Slovic's ideas. Can you clarify how this experience is consistent with
your thoughts?"
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Mr. Mc Elheny's response: "I was expressing puzzlement about the idea that nuclear power
use requires a public consensus because my view, which is somewhat historical, is that over a
very long period of time which has featured an amazing degree of acceptance of the new technologies, I have not seen such acceptance controlled by a plebiscitary voting. It appears that we
are entering a phase where such approval is required concerning nuclear power. However, this
situation surprises me, because I just do not see a more general trend. When we see hundreds of
instances of other technologies that are more influential in our everyday lives than nuclear
power, with people acquiescing in their usage, complying, changing their behavior, listening,
going ahead with what they are told to do by the doctor or teacher or someone else whom they
trust, the uniqueness of the treatment of nuclear power is deeply puzzling."
The participant queried further: "Do you deny that the effect exists; that, with regard to
nuclear power, we are being plebiscitary?" Mr. Mc Elheny's response: "Yes, you cited the
example at Oak Ridge, where politicians made a decision that went against the majority of
local sentiment in favor of the storage and processing nuclear facility. Maybe that will become
the pattern everywhere; we may be testing whether to rely upon plebiscites. We had several
referenda a few years ago in California, Maine, Massachusetts, and other states, where there
were up or down votes on whether to close a particular facility or to introduce new restrictions
on nuclear power. We have had a number of instances where the public was confronted with
that choice, and refused to take it. So, I find the behavior of the Tennessee politicians puzzling
because I do not think they are receiving an unequivocal signal from the public. They may have
just taken the approach of 'I do not want to borrow trouble on this issue, why do I have to step
forward? I will be harmed more overall by voting for the facility than I will be by my local
constituents in Oak Ridge by voting against it.' We are in a situation where the nuclear people
need some positive action to occur before they will feel permitted to go ahead. Apparently it is
easy enough in the current situation, for politicians to gain in public opinion by saying no. This
is something new in technological decision making."
One participant stated that, as a member of the skeptical elite, he is often asked under
what conditions he would support nuclear power. He suggested turning that question around and
asking nuclear power advocates under what conditions they would accept some of the things
which the skeptical elite believe in. He stated that electrical lighting accounts for roughly
one quarter the demand for electric energy, and that the technology exists to cut that by a half.
Doing this would buy a lot more time for research to improve nuclear power and other options.
This would help us avoid rushing to do the wrong thing.
He asked whether the industry would be willing to engage in a vigorous debate on
reprocessing and proliferation policy, rather than put it as a footnote on all the reports of the
advanced reactors. He then asked Prof. Slovic if it were possible that the new NRC regulation,
10 CFR Part 52, permitting one-step licensing n-dght be counterproductive in trying to gain public
acceptance. It is seen by many to limit public participation further than is currently the case.
Rather it seems we should be looking to increase public participation.
Prof. Sovic responded that it is relevant to the trust issue, of how and when one brings in
the public in nuclear power decisions. We must encourage public participation in the form of a
multi-way dialogue among all interested parties. He added that one way in which public participation is increasing is that we are paying more attention to polls in the types of decisions
being addressed by Mr. Mc Elheny in the preceding discussion.
He pointed out that Nevada politicians have been polling extensively to determine public
sentiment concerning the proposed Yucca Mountain nuclear waste epository. In the summer of
1989, they passed law AB-222, making it illegal to dispose of nuclear wastes in Nevada, and a
poll taken shortly thereafter, showed they had about 80% of the public agreeing with them.
About 80% of those polled also said the state of Nevada should do everything possible to
oppose the siting of a repository. He asserted that one can not buy that type of support with
any other kind of issue, and added that politicians who had earlier not expressed strong antinuclear sentiments were defeated. Another way by which public perceptions affect the nuclear
6 13

power industry more subtly is through their effects on regulations; the EPA did a study a few
years ago and found their own agenda to correspond much more closely to what the public felt
was important than to their own staff's hierarchy of relative risks.
Another participant addressed the question of public participation in nuclear safety
regulation, stating that we must avoid situations such as that of the Shoreham Nuclear Power
Plant, where regulations allowed a modem plant to be built at a cost of blions of dollars, and
then effectively prohibited it from operating. Twenty to thirty years ago maybe the United
States could afford such waste, but the current situation is such that we cannot. So public
participation in regulation should be limited so that it no longer will serve to produce a
wasteful impasse. He also stated that it is important that the questions of 'what does the
industry want from the skeptics?' and 'what do the skeptics want from the industry?'be joined
at the end of a meeting such as this.
One participant expressed the view that polls taken by the United States Council for
Energy Awareness (USCEA) often indicate there may be an undecided majority that could possibly be persuaded in favor of nuclear power on specific issues. The hypothesis put forth by this
participant was that, effectively, public acceptance is governed not by majority opinion, but by
detem-tined minorities. This is particularly true given the energy, risk, and environmental
decision-making structure of the U.S., and how it affects nuclear issues. Through the absence of
alternative arenas in which to resolve broad social questions concerning the acceptability of
nuclear power, these issues tend to become enmeshed in the licensing of particular facilities,
where these regulatory processes are very much open to detern-dned minorities, who, if they can
be persistent in saying "no" long enough, can stop a project. One important aspect cited in reports
from other countries is that alternative means of decision-making, such as referenda or votes in
the parliament, are available for resolution of these matters. He asserted that if we were to
Create such mechanisms in the U.S. or to tansfer that burden of decision-making to the
Congress, we might find some of these problems to be less intractable.
This participant also expounded on the earlier discussion of the apparent disconnection
between popular attitudes and the actions taken by people in positions of authority, citing work
done in the early 1980s by a sociologist at Smith College, Dr. Stanley Rothman. D Rothman's
results showed that the perception of the public's attitudes changed fairly dramatically as one
went from one group to another; as one moved from experts to groups active in the political
system to journalists and politicians, the Rerception of the public's acceptance of nuclear
technology became much more negative. These latter perceptions were also much more negative
than attitudes revealed by polls of public opinion.
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RAPPORTEUR SUMMARY

At the conclusion of Session 6 Prof. Neil E. Todreas presented his second summary as
Conference Rapporteur:
'At this point in our discussions, we've covered reactor design and technological options to
the public view of the nuclear power enterprise. From here we move to consideration of waste
disposal and actinide burning this afternoon. In yesterday's presentations concerning the
international situations of nuclear power, Mr. Kishida. suggested ten factors which affect public
acceptance, some of which echoed earlier suggestions. Those were his personal views, not
necessarily Japanese policy. Mr. Rim spoke from the perspective of a country that is pursuing
large scale versions of nuclear power. However, he announced that they would undertake a
significant long-term passively safe reactor development program.
'The comment arose during the ensuing discussion that Japan, Europe, and Korea are
somewhat captive to our actions in the U.S. as we proceed in evaluating the passively safe
reactor designs. This is particularly the case if we in the U.S. choose reactors of smaller size.
Such reactors may suit us, as we have a perceived abundance of sites. Other countries could
become trapped into adopting, or at least having to explain why not to use, a technology coming
in small sizes, where such a size can impose a major constraint on the development of other
nuclear power programs. So the Korean passively safe reactor program, in particular, may be
conceived partly as a self-defensive tactic to provide the ability to follow closely and evaluate
critically what we are doing in the United States. The German and Italian discussions in
Session 4 while they were also similar, were different. Italy is much more stymied in its
nuclear power program than anyone else in Europe, but the German program, while it is more
active in terms of the generating capacity of the existing plants, is equally stymied relative to
the future. Their situation is compounded by them taking over the DDR's reactors and having
to decide how to deal with that fleet. The number is small but the application of westerns
standards may be difficult to them.
"Three technical points came out in our recent discussions. First, concerning being able to
bmindthe consequencesof an accident, the question was, could we puta boundonsuchconsequences,
and the answer was no.
Secondly, concerning the relative merits of passive and active systems, one participant
asserted that with passive safety features we lose the flexibility that we have in responding
to an accident with active systems. I think that such examinations of alternative benefits will
become increasingly important as we develop the list of criteria for acceptance. Another
individual pointed out that in practical terms, emergency planning and evacuation plans had
become one and the same. So the question arises, if you have a reactor designed so that you
don't have to plan for evacuation, do you still have to prepare the contingencies of emergency
planning? If you must do that, you must also communicate with the public. Then, although the
safety regulatory system may not require evacuation, the implication back to the public may be
the same as if it did.
'I saw this morning's discussion progressing on two levels: conceptual and practical. The
conceptual level which Prof. Lidsky introduced, concerned whether we really must change the
safety agenda completely. Also, must the nuclear industry introduce an approach to safety
which is very different in order to regain the initiative in advancing its program? I concluded
that the public is rationally irrationaLl mean this in the sense that you canperform asuccessful
full scale demonstration testbut the public mayberational enough to realize that the demonstration does not cover all interesting circumstances. Thus, you are likely to be unable to give the
guarantees that we seem to think the public demands. So then the question is 'Should we formulate a strategy based on seeking a level of no expected risk, or on a level of acceptable risk?'
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"Prof. Lidsky could conceive first of the desirability of a demonstration that would prove
the fact that no risk exists. Mr. Taylor took the viewpoint that we will be in a situation where
we must demonstrate attainment of a level of acceptable risk, and we should seek to place
ourselves there rather than a situation of trying to demonstrate no risk. A consequence of Mr.
Taylor's position then is that we must bound expected accident consequences to some extent, but
we may ignore low-probability events expected below some very low threshold frequency.
"A practical aspect of this discussion concerned how a demonstrable test could be defined
and what its characteristics would be. No one discussed whether this could be done
economically, because that is a consideration beyond those which we are trying to resolve.
Some of the discussion focused on the idea of having a single test. I think that's unrealistic.
While we ay design only a single reactor, in doing this we will take many steps in testing a
wide range of features, perhaps leading up to an ultimate test.
"Mr. Taylor pointed out that external events will impose a lower limit below which risks
will be difficult to reduce for all nuclear power systems. Implicit in this discussion was the
idea that a number of reactor systems could be engineered to produce a common low level of risk,
below which they would all be susceptible to an equal degree to external events.
"Thirdly, concerning the last discussion, that concerning public attitudes, Prof. Slovic
showed us that we usually consider only a small sliver of the overall psychology involved in
the formulation of public opinion. We need to develop a broader appreciation in considering
this subject. He focused on trust and presented four important factors. Most significantly, he
said that nuclear power may become the archetypal socio-technical controversy. With nuclear
and chemical technologies now, and perhaps with biotechnology in the near future, we will be
dealing with technological controversies in society. Perhaps with nuclear power we are at the
cutting edge right now.
"Mr. Mc Elheny gave a different perspective by presenting an historical view of public
acceptance of new technologies. He noted that controlling such acceptance of the nuclear power
industry via plebiscite is unusual. His main contribution to the discussions was that he
readjusted the balance of views regarding public opinion. His approach was that, as engineers,
we should proceed aware of public opinion, but we should do what we think is right in a
technical sense and not attempt to appease hostile opinion. If you examine history, there were
a large number of events affecting the status of nuclear power that were preceded by and which
occurred independent of public opinion.
"Other participants, including Prof. Lidsky, brought up another theme concerning sociopolitical alliances and the relevant future agenda. They asked the majority of us here to
exarnine ourselves and our agenda in view of a much broader perspective. It was suggested that
the nuclear industry mainly wanted to tinker with its beloved devices rather than to solve
national problems. That perspective must be considered seriously. However, there have been
ample opportunities for nuclear engineers to defect from working on this technology. I think
that most of us have looked at the broad icture and have decided to devote our energies in the
direction of improving the technology. Our work can be viewed as tinkering with our devices,
but most of us here view it as contributing to an important solution by developing a valuable
technology.
"However, maybe we must seek a common agenda involving a broader set of constituencies.
We here are asking for the skeptical elite or public interest groups to consider an agenda in
which they develop a list of criteria which could lead to their acceptance of the next
generation of nuclear power. They appear to say, 'Yes, we will most likely engage the nuclear
community on this. At the same time, however, we have our own concerns which the nuclear
power community should consider.' In future discussions, the process of defining the agenda will
probably provide the points for discussion."
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INTRODUCTION
Session 7 - Nuclear Waste Disposals:

Can There be a Resolution?

Nuclear waste disposal tends to have been an afterthought in past considerations of the
future of nuclear power. However, the current impasse in deciding upon waste disposal sites;
and the persistence of important technological uncertainties concerning waste disposal are
reasons why this topic is potentially as important as that of new reactor concepts for the future.
The purpose of this session was to permit an examination of the current United States
nuclear waste disposal situation (which echoes those of many other countries) and its
implications for advanced reactor concepts. The keynote paper was presented by Dr. John
Ahearne, currently Executive Director of Sigma Xi, The Research Society; and involved in a
broad range of nuclear safety issues during the past (including the Chairmanship of the NRC
and of the DOE's Advisory Committee on Nuclear Facilities Safety. The respondent paper was
given by Mr. Thomas Cotton, currently a private consultant and previously on the staff of the
Office of Technology Assessment, concerned with the problems of the national effort at nuclear
waste disposal.
The theme of the keynote paper is that the prospects of successful nuclear waste disposal
both in the United States and elsewhere are very poor, due to public opposition. In this
situation the best course would be to await a change in the climate of opinion and to use the
time to improve the waste disposal technologies. This implies the continued use of monitored
interim waste storage at surface facilities. he respondent paper argues that the case has not
yet been ade definitively that terrestrial nuclear waste disposal cannot succeed in the near
term. Rather, it would be wise to continue to achieve a resolution of decisions concerning waste
disposal sites and to improve the needed technologies as this resolution proceeds. Neither
paper took the position that the ultimate technological success of terrestrial waste disposal
should be doubted.
The following discussion ranged over a spectrum of opinions regarding how waste disposal
might be achieved. Consensus was evident that the major obstacle to waste disposal is public
opposition, even through technological hurdles preventing successful disposal remain also. In
addition, it was largely agreed that both, any successful technological resolution and the
process for deciding to use it, would both have to be acceptable to the public.
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NUCLEAR WASTE DISPOSAL:
CAN THERE BE A RESOLUTION?
Past Problems and Future Solutions
John F. Ahearne
INTRODUCTION
Nuclear waste as a poblem was identified in the early 1950s. According to one government
historian, "in 1949 the commissioners (of the Atomic Energy Commission) and staff struggled for
months to agree on the text of a public report on handling waste materials from the Atomic
Energy Program."[11 Although there had been some dissatisfaction from nuclear critics, public
discussion and congressional reports, nuclear waste as a major problem for the nuclear industry
surfaced with vehemence in California in the mid-1970s.
In 1976 a referendum campaign put Proposition 15 on the ballot in California. Citizens
were to vote in June 1976 on the proposal, which would stop any further building of reactors and
phase out any existing reactors, absent convincing proof of their safety. Major publicity
campaigns were mounted for "Yes on 15" and "No on 15". As was later harshlyCTiticiZed, the
"No on 15' received support from the San FranciscoRegional Office of ERDA (Energy Research
and Development Administration). In the midst of the build up towards the referendum, a bill
was introduced into the California legislature by then Assemblyman Charles Warren of Los
Angeles. Warren later went on to be Jimmy Carter's first Chairman of the Council on
Environmental Quality (CEQ). One week before the June referendum, Governor Jerry Brown
signed the bill that put in place a nuclear moratorium in California. As many of you know, this
bill provided that before more nuclear reactors could be built in California, the California
Energy Commission would have to determine "that a demonstrated technology and means for
permanent disposal of high level waste exists and has been approved by a responsible federal
agency." Although many in California at that time viewed this as a moderate alternative to
the Proposition 15, there is strong suspicion (certainly by me) that Charles Warren and his
supporters well understood implications of the bill that they were advocating. Consequently,
although Proposition 15 lost by a two to one margin, in 1978 the California Energy Commission
decided that the Sun Desert reactor project could not proceed.
The Act itself was challenged on the grounds that a state had entered an area of federal
preemption. That issue was taken to the United States Supreme Court. In 1982, the Supreme
Court decided that the California Legislature had passed the law on economic grounds, arguing
that in the absence of a demonstrated permanent disposal site and process the cost of disposal
was too uncertain. Since economic regulation is a state responsibility, the Supreme Court
concluded that it could not go behind the stated intent of the legislature, and allowed the
California act to stand. This essentially shut down future growth in nuclear power in
California.
Jimmy Carter was elected President in November of 1976 and entered office in January of
1977. As one of his first major initiatives, he announced that within three months he would
produce a national energy plan to address what he described as the moral equivalent of war (an
extraordinarily unfortunate phrase, leading to a well-spread joke on the acronym). The Energy
Plan was published on April 29, 1977. As befits having nuclear power described in the Carter
campaign as the "energy of last resort", nuclear power did not have a major place in the Energy
Plan. However, nuclear waste was discussed. The plan noted "the currently projected growth
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rate of nuclear energy is substantially below prior expectations.. .. " The plan listed six
problems of nuclear power; the fifth was "lack of a publicly accepted waste disposal program."
[21 The actual actions described in the plan with respect to nuclear waste were somewhat
ambiguous:
"Finally, the waste generated by nuclear power must be managed SO a t Protect
current and future generations. Improved methods of storing spent fuel will enable most
utilities at least to double their current storage capacity without constructing new
facilities. (This referred to the then beginning Program to rerack pools.) Two actions
have been taken to ensure that long term waste storage facilities are available by
1985. he Energy Research and Development Administration's Waste Management
Program has been expanded to include development of techniques for long term storage
of spent fuel. Prototype technologies, complete designs, and initial environmental
criteria for waste repositories will be developed by 1978. Licensing of the first
repository should be completed by 1981. There will be an opportunity for thorough
public review at each of these stages. (This referred to the conclusion that awayfrom-reactor storage was going to be necessary and, in particular, that in order for
nuclear power programs to move on, that the federal government was going to have to
take responsibility for the fuel. It was thought a federal location would have to be
selected and a facility constructed. Obviously these dates were highly optimistic and
were based on little more than wishful thinking, primarily by ERDA.) A task force
under the direction of the Assistant to the President for Energy will review the entire
ERDA Waste Management Prograrn."(31
The last statement, the commitment to a review, was due to the Schlesinger staff's
conclusion "there was not a [nuclear waste] program we could defend. We thought the entire
program needed re-examining."[41
The study committed by the National Energy Plan was conducted under the lead of Dr.
John Deutch, who was then the Director of Energy Research in the newly established
Department of Energy. The Deutch report concluded that there was too little time for site
selection and licensing to get a repository opened by 1985, the date chosen for accomplishing all
major goals in the National Energy Plan. The Deutch task force also concluded that there was
no reason to insist on reprocessing, that spent fuel could be put directly into the repository, the
once-through fuel cycle. Considerable skepticism met this conclusion, since a fundamental
tenant of the quite vocal environmental members of the Carter administration was that
reprocessing was evil and consequently must be banned. It was in this vein that the President, a
few weeks prior to publication of the Energy Plan, had announced the government would not
support reprocessing, essentially a ban on commercial reprocessing in the United States. The
Deutch report also led to another study, done by the Interagency Review Group on Nuclear
Waste Management. "is interagency group included participation by non-goveTnment entities,
including some strong critics of nuclear power. the Interagency Review Group struggled mightily
and produced a report in March of 1979 laying out a few major conclusions. These included:
(1) There is no fundamental reason why a suitable repository site could not be found.
(2)

The once-through fuel cycle made eminent sense.

(3)

A system view should be applied, which included exan-tining both the geology of the
site and the engineering of the repository.

(4)

The location of the site and the repository licensing process should include "consultation and concurrence" with the local state. This phrase was, I believe, deliberately
chosen as being sufficiently nebulous that supporters of federal preemption could conclude that the federal government could override a state's objection, while, at the
same time, allowing state's rights supporters to believe that, in a final showdown, a
state's veto would take precedence.
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Eventually, after many struggles which almost produced a congressional bill, on January 7,
1983, Public Law 97-425 was passed, the "Nuclear Waste Policy Act of 1982." Any of you
involved with that bill know that it had a very close passage. In the waning hours of the 97th
Congress, a hastily called meeting of the House Rules Committee enabled the bill to squeak
onto the House floor. In theory, this act would lead to the federal government finally having a
program which would meet the California requirement and establish a final resting place for
nuclear waste generated in the United States.
An early judgment on the effectiveness of the bill was made by the Nuclear Regulatory
Commission in May of 1983. The Commission had been under a mandate from the D.C. Court of
Appeals to reach a conclusion as to whether or not they had confidence that the waste problem
could be solved. The NRC issued a preliminary finding of confidence that the waste problem
would be met. However, as a commissioner I abstained from that vote. In my additional views,
I noted that absent the Waste Act, the commission could not have found confidence. However, I
questioned whether the Act could carry so heavy a burden. I was concerned that ambiguities in
the Act could weaken congressional support and that the deadlines were unachievable [5] We
are all aware that the U.S. history of facing up to the nuclear waste problem has not been good and that of the rest of the world is not much better.
CURRENT PROBLEMS
Three categories of waste should be thought about in addressing the nuclear waste problem. For many years, defense waste was the hidden part of the problem. As a combination of
the changes in the world and the problems that the Energy Department has had with its facilities, defense waste is not growing very rapidly. However there is a rapidly growing awareness of the poor condition of much of this waste. The identified, concentrated waste is located
primarily at Hanford, Washington, the Idaho National Engineering Lab, and Savannah River,
South Carolina. Dating from the days of the Energy Research and Development Administration, it had been hoped that a substantial amount of some of that waste would by now be
located underground in New Mexico, at the Waste Isolation Pilot Plant WIPP). The problems
at WPP are characteristic of the problems that the nuclear waste program has had in the
United States.
The second major category is commercial waste. Even if a guillotine approach were taken,
such as that of California's Proposition 15, and all nuclear reactors now operating were shut
down and forever more not allowed to operate, a large amount of commercial waste still would
need disposal. Such a shutdown is not going to happen. Nuclear power is too valuable a producer of electricity. In the United States, at the end of last year, 110 nuclear power plants had a
capacity of 98,000 megawatts. Nuclear power represented almost 20% of the U.S. electricity
generation in 1989. However, only four reactors were under construction in the U.S. at the end of
1989. The future development of nuclear power in the United States is at best bleak. Internationally, at the end of last year, 426 reactors werc in operation with a capacity of 318,000
megawatts. An additional 96, with a capacity of 79,000 megawatts, were under construction.
Consequently, nuclear waste is going to be generated commercially in this country and
around the world and will continue to be generated for the foreseeable future. The problem of
commercial nuclear waste is not going to go away.
The third category of nuclear waste is that as of yet ungenerated by the commercial
operation of the next generation nuclear power plants. I differentiate between categories two
and three, not because of a belief that the waste will be of inherently different character,
although some new designs may provide that, but, rather, to try to differentiate the issue. For
some, objection to a nuclear waste disposal technique appears to be part of the overall opposition to nuclear power. I recognize that it may be difficult to determine which came first.
Certainly, there are many concerned citizens in the U.S. and elsewhere whose opposition to
nuclear power stems from the lack of resolution of the nuclear waste issue. Seeing the amount of
nuclear waste that is being generated without a solution being identified, hearing about some of
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the problems that temporary storage has had (primarily leaking defense wastes in the United
States), has led some groups of the public to conclude that nuclear power should not be
supported. On the other hand, it has seemed to me in some of the debates that I have been in
over the last ten to fifteen years, that some of the opponents are primarily opposed to nuclear
power for a variety of reasons and have identified the lack of a nuclear waste solution as
possibly the Achilles heel of this technology and therefore have concentrated their arguments
on nuclear waste disposal. Although my observations on the California initiative were distant
in both geography and time, my impressions are that a significant amount of the support for the
legislation that did pass stems from this attitude.
FUTURE SOLUTIONS
I see five potential solutions:
1.

The Daniel Farragut Solution. You may recall his quote in the Civil War: "Damn the
torpedoes. Full speed ahead."* At least a whiff of this approach can be seen in the
attitude taken of some federal officials in the past and in the Congressional selection of
Nevada as the'winner' of the nuclear waste lottery.

2.

Burn the Actinides. This is the Argonne National Laboratory preferred solution,
originally directly related to the Integral Fast Reactor approach, in which the reactor
would bum up its own waste. Argonne has proposed that this actinide burning approach
could also be used to handle the waste from light water reactors. Although the technique
does not eliminate all waste products, in principal the radioactive material in the
remaining waste would have half-lives of less than 1,000 years. This would make a
significant difference in the proof requirements for the waste repository.

3.

Magic-Land Solution. This approach is based on the belief that somewhere there is a
perfect location, where no one lives now or ever will live, and where there is absolutely no
risk involved in bringing material to that location. Although this may appear to be a
facetious description, it nevertheless is an inference that can be drawn from the description
of what would be required for some opponents to agree that solution would be acceptable.

I sympathize with these opponents. They believe that no adequate solution has been
proposed, and suspect that neither the industry nor the government is serious about finding an
environmentally acceptable solution. I must admit they have considerable support in past
history. If you believe this to be the case, then you have to be very skeptical and cautious about
endorsing any proposed solution. Such a solution, if agreed to, would then enable nuclear power
to go forward and would, in the views of the skeptics, end any government and industry search
for a better solution. Consequently, this magic-land approach is described. It might also be
called the "bring me another rock" approach.
4.

The Technological Solution. Advocates of this approach believe there must be a significantly improved technological fix to our current problem. In particular, they seek a
method that ]ends itself to a risk assessment, a standard engineering criterion, which geological disposal does not meet 6]. Several that have been suggested in the past, and not
accepted, include sending the material by means of rockets to the sun, where the waste
could safely burn up in its entirety, and deep sea bed disposal, where the waste would be
located in areas where no one lives or is likely to live. Inherent in the actinide solution is
another technological fix: burning up 100% of the waste in some self devouring approach.
Unfortunately, none of these have proven to be economic or publicly acceptable.

Actually, the quotation is not clear, appropriate for a nuclear waste solution. The above is
given by the Oxford Dictionary of Quotations, 3rd ed. Bartlett's Familiar Quotations gives the
second sentence as "Go Ahead!" Mencken's A New Dictionary of Quotations gives even more:
'Damn the torpedoes. Captain Dayton, go ahead. Jowett, full speed." All agree it was in 1864
at the Battle of Mobile Bay.
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5.

Wait. In this approach some interim solution would be required such as storing waste at
reactor sites, perhaps in dry storage located in above ground casks, or taking such casks and
moving them to a few central locations, probably run by the federal government. This wait
approach is the default which has been used for the last thirty some years for commercial
waste in the United States and elsewhere. From an analytic viewpoint, unfortunately,
this solution had not been deliberately chosen but, rather, resulted from not choosing As
Harvey Cox said, "not to decide is to decide."

MYTHS
In addressing public policy issues, at least in the United States, I find it useful to begin
from first principles. This often uncovers some basic assumptions which should be questioned. I
characterize these as myths when the questioning leads to substantial doubt as to the accuracy
of these assumptions. The following are principal myths I see associated with the U.S.
Nuclear Waste Program.
Myth 1. Without a Geologic Repository, Nuclear Power's Growth is Dead.
This position is well founded, if the California approach is taken. But the California
approach need not be followed. I believe that it will not be, given four conditions:
(1) There is a need for nuclear power in the United States. This would be based upon an
increasing demand for electricity. Absent a substantial demand for electricity, why
should there be introduction of new large base load capacity plants? In other words,
why should there be nuclear power?
(2) Demonstration that nuclear power is cost effective. Hidden in some of the pro-nuclear
arguments, that seem to be focused upon countering public opposition to reactor
radiation releases or the hazards of reactor operations, is the basic fact that no utility
is going to order a nuclear power plant as long as the management group concludes that
nuclear Power plants do not come on line on schedule, have a high probability of
costing significantly more than estimated, and, once on line, may not run very well.
(3) Demonstration that nuclear plants operate safely. Although I do not believe that poor
safety is the primary obstacle nuclear power faces in this country, safety certainly is
one obstacle. Federal and state regulatory agencies look with great skepticism upon an
industry in which operators fall asleep, major facilities are built in a slipshod fashion,
and regulations are willfully not followed.
(4) Finally, a convincing case made that an alternative to a repository will not be
environmentally harmful.
A geologic repository would be nice to have, but it is not necessary. What is necessary is to
find safe locations to store the waste. For the near term, the lifetime of plants, pool and dry
cask storage on site are acceptable. After a plant is closed, casks can be shipped to a federal
surface Storage site or sites. The casks can be kept there until the development of a final
solution, including possible new technologies.
The future life of nuclear power is not tied inextricably to an immediate solution to the
high level waste problem. If electricity demand and environmental concerns lead to serious reexamination of nuclear power, and existing plants are running well, that is good reliability and
cost control, and there are no major accidents, then the high level waste repository will not be
necessary. Even California may change. However, if these conditions are not met, and nuclear
power is not strongly needed, then the waste issue is a big problem and California is an obstacle.
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Myth 2

If Open Discussions Were Used, the Public Would Accept a Site.

One view is that the AEC/ERDA/DOE approach has been to choose a state or locale
without local involvement, and, hence, local opposition results. In other words, this view
implies the opposition stems from a faulty process. Another view is that the federal weakness
has been in not speaking clearly, and using too much technical jargon.
However, siting high level waste sites is not different than siting low level waste sites or
hazardous waste sites. The issues may be complicated by technical language and federal unwillingness to discuss with affected populations. However, the underlying dispute may well be
about values, not facts 7]. Open discussion, starting dialogue early, is desirable - but may not
remove local opposition. In fact, it may solidify opposition. People do not see why they should
accept something no one else wants, and which results from a technology from which they do
not benefit.
Myth 3

Rational Analysis Can Determine Where a Site Should Be Located and What is the
Appropriate Cost to Be Paid.

This belief is part of the two cultures problem. It was recently criticized in a report by the
Board on Radioactive Waste Management: "The Board believes that this use of geological
information and analytical tools to pretend to be able to make very accurate predictions of longterm site behavior is scientifically unsound.181 There is an inherent belief of technologists
that analysis can be used to resolve the high level waste siting problem. However, the high
level waste problem is a combination of a hard technical problem and a volatile political
problem. In the United States a major reason for being so hard a technical problem is the
criteria the solution has to meet.
Myth4.

TeUnitedStatesProgramisinTroub]eBecauseoftheConnectiontoDefensePrograms.

In the United States there are the three previously mentioned high level waste problems.
Although they are often lumped together, there are important differences, some technical,
some temporal. As I mentioned earlier, the three categories are defense waste, existing
commercial waste, and future commercial waste. I have not included future defense waste
because I believe any new future defense waste will be minimal. I agree with former Energy
Secretary Herrington, who said that the DOE is awash in plutonium. Consequently, the United
States will not be running any reactors to generate new plutonium. Any high level waste from
the defense operation already exists, with the possible exception of that from new production
of tritium. The actual counted volume of defense high level waste will continue to increase as
old facilities are decommissioned and weapons scrapped.
Two distinctions between the defense and commercial high level waste are plutonium
content and physical form. The plutonium content of defense waste can be much higher in the
residuals at Rocky Flats, and in the reactor fuel. The second difference is that most of the
defense high level waste comes from reprocessed fuel and is now in sludge, cake, or liquid form.
The commercial high level waste is primarily spent fuel from commercial nuclear power plants.
The existence of the defense and commercial high level waste significantly influences the
debate for new nuclear power plants. This waste is with us. Solutions must be found. Once
found, these solutions also may permit new plants to pass through the waste barrier.
Myth 5. Reprocessing is Necessary to Resolve the High Level Waste Problem.
This had been the strong belief in the United States. In 1970 an AEC policy statement
identified reprocessing as essential. The AEC program had three essential elements:
(1) Spent fuel would be reprocessed in commercial plants and the waste solidified for
shipment to a federal repository.
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(2)

The AEC would build a federal repository in embedded salt for a permanent
irretrievable storage.

(3)

However waste from defense programs would be disposed on site [91.

PROBLEMS
A 1987 OECD nuclear energy agency study concluded that "there ae no unsurmountable
economic or institutional reasons for not considering an IWR (international waste repository)
system. .. " The study notes that safety would be improved by ocating waste at one site versus
many, and that the host could receive substantial economic benefits. All countries should
benefit from the economies in scale and "few disadvantages seem to weigh against the
establishment of an WR."110) This does sound very much like the arguments for locating the
U.S. site in Nevada. However, the Nuclear Energy Agency Radioactive Waste Management
Committee concluded "the concept of a disposal site opened to a few countries at a time,
possibly on a regional basis, was, in principal, sound and potentially attractive, but the
political situation, including public opinion considerations, was not sufficiently ripe yet to push
itfurtherforthetimebeing.1111 And"whetherornotaninternationalrepositorywilleverbe
located obviously depends on at least one country finding sufficient incentives to be the first to
receive foreign waste.1121 This last is an iportant point. Translated into the domestic
consideration, although the nuclear waste policy act gives a federal override, it is obvious that
the United States program would be far further along were a state to conclude that a high level
waste site is a positive benefit.
Morris Udall in the 1970s identified this as a key ingredient to any solution. In Udall's
typical humorous fashion, he said that perhaps the best solution to finding a site for a high
level waste repository would be to put it out for bids. Each community would be invited to say
how much money they would require. The community that would require the least amount of
money from the federal government for accepting the high level waste repository would get it.
Udall went on to say that the winning community could also put up a sign saying 'This is the
town that glows in the dark."
The OECD does list cost. As a result of the Swedish radioactive waste management plan,
the Swedish government in 1982 fixed the contribution for high level waste management and
decommissioning at approximately 23 mills per kilowatt. A 1982 Congressional Budget Office
mid-range estimate was about I mill /kWh for waste management, not including decommissioning, and a 1982 DOE study put it at a bit less 131. The Nuclear Energy Agency concluded
11
available estimates suggest that the cost of radioactive waste management is no more than a
small percentage of the total cost of producing nuclear electricity."[141 However, in a prescient
comment, the study noted ".. the comparison with the cost of electricity production is only
really meaningful if there is reasonable assurance that part of the income produced will in fact
be used to finance radioactive waste management."[151 As you know, there is now considerable
anger arising in the U.S. utility community over the 2.4 billion of the nuclear waste fund
already spent.
According to the OECD, in 1989 in Canada there was approximately 14,100 million grams
of uranium in used fuel in storage. This is all at power stations. In 1978 Canada began a
program to put waste 500-1,000 meters underground. Acceptability of the concept is scheduled to
be decided, based upon a review, by 1993. If accepted, the earliest a site could be in operation
would be 2020 to 2025 1161. The Canadian plan is to have one site, which could be used to store
the waste from I 0 years of production 11 71. The plan is to expect approximately 37,000 million
grams by the year 2OW in both wet and dry storage 1181. The egulatory requirement is to have a
10-6 cancer risk to the most exposed group per year over the next 10,000 years 191. The Canadian
program does have a laboratory in place 440 meters underground in a granite formation. The
Canadian approach is to have a container whose design lifetime is 500 years 201. It is
interesting to note that Canada produces more electric tons of heavy metal than does France or
Japan 211. This is undoubtedly due to the unenriched uranium fuel cycle used by the Canadians.
7 -8

No country has a well developed program for a high level waste repository. In 1987, the
OECD Nuclear Energy Agency study listed the development of the program as of that time.
The following provides a clear picture of the rate of progress. This is a summary of the
estimated date of operation of high level waste repositories.
Belgium - no date.
Canada - no date.
Finland - name a site by the year 2000, submit designs by 201 0.
France if early examination turns out well, "in the 2010s."
West Germany - planning on using Gorleben by the year 2000.
Japan - start construction by the year 2000.
Netherlands - no date.
Spain - after 2015.
Sweden - 2020.
Switzerland - approximately 2020.
United Kingdom - no date: "development of repository and siting studies for high level
waste will be commenced when the need arises."[221
United States - no date.
In France, fierce opposition that has arisen since the OECD reported a decision in March of
this year to halt the drilling for one year in order to hold discussions with the local population. France had identified four sites. There was only one at which there was no opposition.
Parliament set up a special committee to discuss the issues with the local people and to explain
the problems. Some French observers believe that this parliamentary committee has had some
success. Their report is due in November and a debate in the National Assembly will follow
probably in December to January.
Major problems facing high level waste resolution in the United States, in no particular
order of priority, are the following:
Weakness of Nuclear Power
High level waste is one of many problems. But the weakness of nuclear power drives good
people away from Working on nuclear power issues. As many of you know, nuclear engineering
departments have been closing in the United States. This is due to a combination of lack of
funds being provided for research and a lack of interest on the part of the students. The future
does look bleak. In the absence of research monies for professors or students interested in
working in the field, talent is not going to be applied to any of the nuclear energy problems
including high level waste disposal.
Unrealistic Expectation
These expectations are exemplified in the EPA regulations. In the early 1980s, when the
NRC was addressing the waste confidence issue and discussing what requirements should be
placed upon repository, one of the senior attorneys argued strongly in a position endorsed by
several of the commissioners, that zero release to the atmosphere was the only possible requirement. The supporters of this position came from two camps: first, the legal argument.
This was that courts do not like ambiguity. If one were to say "a very small amount' or "an
amount that would not be hazardous" or 'limits within acceptable levels' or "limits to guarantee no more than x release over y years" courts would be very uneasy. Saying zero release was
nice, clear, and easily understood by the court system. Hal Lewis has written: "Scientists are
not troubled by the idea that a question may simply not have an answer, but judges and lawyers
are.123) The second group were those who argued that any release could then be multiplied by
worldwide populations and the length of time that radioactive materials remain radioactive
to lead to an unacceptably large number Of fatalities. Consequently zero release would be the
only acceptable number. The Nuclear Regulatory Commission staff, the Advisory Committee on
Nuclear Facility Safety of the Energy, the National Research Council Board on Radioactive
Waste Management, and I all believe that the EPA standard is unrealistic. I think I am also
correct in stating that the EPA scientific advisory board gave similar advice to the EPA.
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It is a Vg1y Tough Poblem
Finding a solution to the high level waste must be seen as a very difficult problem. And it
is for this reason that, worldwide, there is no obvious easy solution.
Cultures do not necessarily cross boundaries, yet neither France nor Japan, usually touted as
having efficient, well-developed, and successfully ongoing programs, has found a solution to
the high level waste site.
The National Academy board has noted, "There is a strong worldwide consensus that the
best, safest long-term option for dealing with HLW is geological isolation."[241 However, the
program is not working - anywhere. At least one alternative should be considered: the consensus may be wrong 251, or it may not be timely. Therefore, I conclude with some comments based
upon
me emarks made by a historian in looking at the first two decades of the nuclear waste
problem. He wrote after listing the questions that he saw in 1978: 'The fact that questions such
as these have persisted over more than two decades suggest three possibilities. One is that the
questions have no definite answers and must be continually reexan-dned as circumstances change.
A second possibility is that federal officials have come up with the wrong answers. Finally, it
is even possible that they have been asking the wrong questions.1261
Why does the igh level waste problem have to be solved now? 'Mere are perhaps three
answer t that question.
First, to have a recovery of nuclear power. But a lack of resolution of the high level waste
problem is not the principal reason that nuclear power has foundered and, consequently, solving
it will not automatically revive nuclear power. However, if the nuclear industry is adamantly
convinced that this is the key to reviving nuclear power, then the nuclear industry should
demonstrate its conviction by putting much greater effort into resolving the high level waste
problem technically, not through public relations. For example, a substantial effort on the
actinide burning approach might demonstrate, in the old American phrase, "putting your money
where your mouth is."
Second, the high level waste problem must be solved now because it is a devil's brew.
However, chemical wastes last longer, as we all know, than do the radioactive wastes. As one
expert has noted: "There is real risk in nuclear power, just as there is real risk in coal
power.... For some of [these risks], like the greenhouse effect, the potential damage is
devastating. While for others, like nuclear accidents, the risk is limited, but imaginations are
not. For still others, like the risk posed by a high-level waste repository, there is essentially
nothing outside the imagination of the gullible.127] Furthermore, any technical solution or
any solution to a risky problem requires one to think carefully. It is often better to do it right
than quickly.
A third reason fr requiring it to be solved right now is that HLW disposal is a major
technical problem blocking a potentially valuable energy source. But we need a new solution.
The current solutions are not working.
I believe that we ought to recognize the failure of the geologic repository approach. I
believe the federal government should identify, with industry's assistance, the best techniques
for surface storage. Some federal locations should be selected for shipping casks from reactors
at end of lifetime. The locations of these sites should be chosen using the technique suggested by
Mr. Udall, that is, recognize these are unwanted products and consequently any locale taking
them must receive a fee for service. And this fee for service should be chosen on the basis of
whoever is willing to make the lowest bid. We then would adopt the wait solution. Wait for
either a new technological solution or for te general public to agree with Prof. Lewis.
I recognize this may lead to requiring large payments and perhaps may not lead to a
revival of the nuclear option. But what I am addressing here today is a possible solution to the
nuclear waste problem, not revival of the nuclear option.
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WHITHER NUCLEAR WASTE DISPOSAL?
Thomas A. Cotton

I would like t fus
My emarks on two major points made by Mr. Ahearne's paper,
"Nuclear Waste Disposal: Can There Be a Resolution?" The first is the argument that is
necessary to accept the failure of the geologic repository approach to waste disposal. The
second is that the appropriate alternative is to provide a federal location for storing reactor
fuel and then to wait for either a new technological solution to the waste problem O for the
public to become more accepting of the risks of nuclear waste disposal.
HAS GEOLOGIC DISPOSAL FAILED?
With respect to the argument that geologic disposal has failed, I do not believe that the
evidence is yet sufficient to support that conclusion. It is certainly true that the repository
program is not progressing as hoped when the Nuclear Waste Policy Act of 1982 established a
1998 deadline for initial operation of the first repository. The Department of Energy (DOE)
now expects the repository to be available by 2010, and tat date depends upon a finding that
the Yucca Mountain site - the only site that DOE is allowed by law to evaluate - is in fact
suitable for use. Furthermore, scientific evaluation of the site to determine its suitability is
stopped pending resolution of two lawsuits. However, I believe it is premature to conclude that
the legal obstacles are insuperable, since DOE just won the first of the two lawsuits, and
chances are good it will win the scond.
The concept of geologic disposal is still broadly supported. A recent report by the Board on
Radioactive Waste Management of the National Research Council noted that "There is a
worldwide scientific consensus that deep geological disposal, the approach being followed in
the United States, is the best option for disposing of high-level radioactive waste." [11 The
U.S. Nuclear Regulatory Commission (USNR0 recently implicitly endorsed this view in
adopting an updated Waste Confidence position that found confidence that a epository could
be available in the first quarter of the next century - sufficient time to allow for rejection of
Yucca Mountain and evaluation of a now site.
There are concerns about whether the current regulations governing high-level waste
disposal could be met by any site, as evidenced by many presentations at a National Academy
of Sciences symposium on high-level waste regulation two weeks ago. However, the conclusion
that is drawn by many of those voicing this concern is that the problem lies with the
regulations themselves, not with the concept of geologic disposal, and that it is the current regulatory structure, rather than geologic disposal, that needs to be reexamined.
Furthen-nore, the informed scientific community does not generally support the view of the
State of Nevada that the Yucca Mountain site is so obviously disqualified that it should be
abandoned without further scientific evaluation. The general view seems to be that the only
way to resolve the questions about the suitability of Yucca Mountain is to proceed with the
technical investigation of the site that is now stymied by lawsuits.
If Yucca Mountain proves to be unsuitable, then I grant that the concept of geologic disposal
will face a major challenge. As a result of the Nuclear Waste Policy Amendments Act of 987
(NWPAA), DOE does not have legal authority to investigate any other sites, and instead
would have to go back to Congress with a proposal about what to do next. At this point,
geologic disposal will face a major policy problem - how to find other sites? Starting all over
with a broad national site screening program and writing off the sites that had been
investigated prior to choice of Yucca Mountain as the prime candidate seems unlikely. A
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"startover" approach was proposed during the passage of the Nuclear Waste Policy Act and
rejected. Nothing that has happened since then gives me any confidence that Congress would
be more accepting of that approach now. On the other hand, going back to one of the other sites
that was under investigation strikes me as difficult, too. I do not believe that Congress could
quickly resolve the question of how to select another site for evaluation, since it could in effect
require renegotiating the entire framework of the Nuclear Waste Policy Act.
Lest one despair, however, one should recognize that the NWPAA created an alternative
path for finding sites for high-level waste management facilities when it established the
Office of Nuclear Waste Negotiator. This is an independent office in the executive branch
with authority to negotiate with states or Indian tribes to find terms under which a repository
or a monitored retrievable storage (MRS) facility could be sited within their jurisdiction.
There are no constraints on the benefits and other provisions that can be included in an agreement, except that they must be submitted to Congress and approved through enactment into
Federal law.
The Office was the brainchild of Congressman Morris Udall, who was alarmed that the
process of selecting sites through a technical screening process was encountering far more political resistance than had been anticipated when the Nuclear Waste Policy Act was passed. This
resistance led to the 1987 amendments that placed all of the high-level waste program's eggs
in one basket: the site evaluation process for the first repository was narrowed from three sites
to the one at Yucca Mountain in Nevada; the effort to find eastern sites for a second repository
was halted; and DOE's recommendation of a Tennessee site for an MRS facility was nullified.
The Negotiator was just appointed and confirmed this summer, and has not had a chance to
test Congressman Udall's theory that a cooperative negotiated approach might be able to
break the siting impasse. The Negotiator might be able to identify another candidate
repository site now, so that it could be characterized in parallel with Yucca Mountain, or later,
if and when Yucca Mountain were found to be unsuitable. Alternatively, the Negotiator might
be able to work out a deal with Nevada whereby DOE would be able to proceed with scientific
evaluation of the Yucca Mountain site without having to cope with continuous guerrilla
warfare from the state.
I should emphasize that the experience to date does not warrant a summary judgment that
the Negotiator will fail because no community would want a radioactive waste facility. In
fact, there have been communities that have supported having such a facility. The cities near
the DOE reservation at Hanford, Washington supported location of a repository there; and
Oak Ridge supported hosting an MRS facility, subject to specified terms and conditions. The
town of Carlsbad, New Mexico, near the DOE Waste Isolation Pilot Plant for transuranic waste,
probably also counts as an example of willing host to a radioactive waste management facility.
The resistance appears to come more from the other parts of the affected states, among people
who do not see much prospect of immediate benefit and fear the possible, negative economic
impacts of the "stigma" associated with hosting a "nuclear waste dump."
In summary, until the legal efforts to gain access to the Yucca Mountain site have been
played out, the site has been scientifically evaluated, and the Negotiator has had a fair
chance to cut a deal, I believe it is premature to conclude that the geologic repository effort has
failed. This is not to say that wild optimism is warranted at this point; just that despair is not
appropriate either.
SHOULD WE STORE THE SPENT FUEL AND WAIT?
The recommendation that the Federal government provide long-term storage for highlevel waste and simply wait for positive developments on the disposal front has been
considered several times during the last two decades. The first was in 1974, following failure
of a 1972 Atomic Energy Commission (AEC) effort to site a geologic repository near Lyons,
Kansas. he AECs successor, the Energy Research and Development Agency, proposed building
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a retrievable surface Storage facility (RSSF) to allow the Federal government to accept waste
while taking decades to pursue disposal options. This proposal was dropped after strong
criticism by the Environmental Protection Agency (EPA) and environmental groups that this
would lead to inadequate emphasis on permanent disposal. The idea resurfaced about five
years later, when the Senate passed a nuclear waste bill that put primary emphasis on
provision of Federal long-term monitored retrievable storage facilities, and demoted geologic
disposal to an R&D program instead of the main focus of Federal waste management efforts.
However, the House of Representatives never accepted this approach, and the focus of the
Nuclear Waste Policy Act of 1982 was on timely development of geologic repositories. DOE was
also directed to develop a site-specific proposal for an MRS facility as well, but not as an
alternative to the repository. The NWPAA of 1987 nullified DOE's selection of a site in Oak
Ridge Tennessee, but went on to authorize construction of an MRS - subject to severe constraints
that tied its construction and operation closely to the repository, precisely in order to prevent
the MRS from being used to allow the repository to be indefinitely deferred.
The position that Federal storage should not be an alternative to permanent disposal
represents one of the clearest points of consensus underlying the Nuclear Waste Policy Act.
There were many consensus-building efforts involving a wide range of interested parties prior to
passage of the Act. All of those efforts produced agreement that the Federal waste program
should concentrate on developing a permanent disposal option in general and geologic
repositories in particular. Much of the resistance to provision of a Federal storage facility has
been based on the concern that once such a facility was available, there would be little pressure
to get on with the more difficult and expensive job of developing a permanent epository, and
that the storage facility would itself become a de facto repository.
DOE's current goal is to provide an MRS facility to allow Federal waste acceptance by
1998, the target date for the repository contained in the Nuclear Waste Policy Act. In this they
agree with the suggestion of Mr. Ahearne. However, they also are maintaining a primary focus
on timely characterization of the Yucca Mountain site.
In my view, provision of a Federal storage facility of some sort is probably necessary if we
are to have any Federal waste program at all in the long run. The reason is that continued program funding may be directly linked to Federal interim storage policy because of the connection
between anticipated Federal waste acceptance and the nuclear waste fee. It has been the policy of the Federal Government since 1970 that the generators of high-level radioactive waste
would pay the full cost of its disposal. The NWPA modified that policy by requiring that the
payment be made at the time the waste is generated instead of at the time it is delivered to the
Federal government for disposal. The shift to a front-end fee was justified, and ultimately supported by the utilities, as a quid pro quo for a commitment in the NWPA to provision of a
Federal repository by a date certain and for contracts with the utilities providing for the
Federal govemrnenttobeginaccepting spent fuel for disposal when therepositorywasavailable.
As the date for initiation of the service for which the utilities and their atepayers are
paying becomes more distant and uncertain, it is possible that someone concerned about the fee a utility, a ratepayers group, or a public utility commission - might challenge the legitimacy of
continued payment. This possibility may be most significant if utilities are required to provide
long-term interim spent fuel storage, facing them with increasing direct costs for at-reactor
storage in addition to fee payments to the Federal government. In summary, if the Federal
government fails to provide a timely waste management service in exchange for the fee, there
ultimately may be no more fee to pay for any Federal waste management program. Without the
waste fee, development of a disposal capacity will depend upon appropriations from general
revenues, the situation that existed before the NWPA was passed. The prospect for ample
funding from taxpayers' money is rather bleak considering the current state of the deficit. Put
simply, continued progress on disposal may depend upon timely provision of Federal storage to
justify continued payment of a fee.
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Let me now turn to the second part of the "store and wait" option: waiting for a better
disposal technology, or for the public to become more accepting of the geologic disposal solution.
My main point is that the history of attempts to provide Federal storage facilities suggests
that such attempts will be particularly strongly esisted if storage is clearly part of a strategy
involving long-term deferral of efforts to develop permanent disposal. There is little or no
evidence from experience to support the idea that we can proceed with Federal interim storage
facilities in the absence of a working consensus about the approach to disposal, and we are a
long way away from agreement about abandoning the geologic disposal effort.
I believe there is a workable alternative between the "store and wait" option and the
Admiral Farragut approach of "damn the torpedoes, full speed ahead' on geologic disposal To
stick with the naval metaphor, the option is to deploy the minesweepers and procee ahea
slowly. That is, adopt a more flexible, experimental approach to site investigation and
repository development not driven by a rigid schedule, as the Board on Radioactive Waste
Management recently recommended. This is the approach being taken by other countries
pursuing geologic disposal. It involves explicit recognition that the epository cannot provide a
timely and predictable basis for acceptance of spent fuel from utilities, and should not be
subjected to schedule pressures arising from the need to provide such acceptance. Thus it does
require provision of Federal storage.

But it also requires the continued commitment to keep

pushing ahead in the repository program.
I believe that a basis for reestablishing a working consensus about the direction of the
high-level radioactive waste management program might be found in this combination of a
more experimental
repository there (if

approach to investigating the Yucca Mountain site and developing a
the site proves suitable) with provision of an early MRS facility that can

allow the Federal government to adhere to its side of the bargain made with the utilities and
their ratepayers when the NWPA was passed.
Why might the interested parties agree to this approach?

The utilities and the nuclear

industry would get Federal waste acceptance, but would have to agree to support a more flexible
and experimental (and probably slower) repository program. (It is possible, by the way, that a
nominally slower approach on the repository, not geared to providing

large scale operation as

quickly as possible, might actually lead to earlier initial operation at small scale.

That is, it

might lead to an earlier demonstration of the existence of a permanent solution to the waste
problem.)
Environmental groups, which generally have opposed Federal storage, would have to tolerate Federal waste acceptance independent

f a permanent repository in exchange for contin-

ued utility funding of a disposal program and a less pressured repository development effort.
They would probably also have to accept evaluation of the Yucca Mountain site instead of a
11startover" approach.

There is little chance that Congress or the utilities would agree to, or

fund, any approach that involved dropping Yucca Mountain as a potential candidate site without further scientific investigation. One Congressional staffer who has been deeply involved in
all of the high-level waste legislation observed last year that Congress would not drop the site
except for compelling scientific reasons 2].

The best hope of an acceptable compromise in this

area appears to be to focus siting investigations on determining as quickly as possible whether
there are any features that would clearly make the site unsuitable.

This has been suggested by

the State of Nevada, the NRC, and the Edison Electric Institute, and has been proposed by
DOE as a major new thrust in a report to Congress last year. What remains to be done, however,
is to define what evidence might lead to a conclusion that the site should be abandoned, and
what test program would most efficiently and credibly provide that information.
There are, of course, other parties with an interest in
program.

the Federal high level waste

These include the State of Nevada and the states hosting nuclear power plants,

which will become the default storage sites if no Federal facilities are made available.

Direct

discussions among the full range of interested and affected parties will be required to determine
whether the potential agreement I have described can become a reality.

7- 5

REFERENCES
I

Rethinking High-Level Radioactive Waste Disposal, Board on Radioactive Waste
Management, Commission on Geosciences, Environment, and Resources, National Rsearch
Council 1990): vii.

2.

Cooper, B. S., "Focus Shifts from Capital to Nevada," Forum for Applied Research and
Public Policy, (Fall 1989): 26-28.

7 16

NUCLEAR WASTE DISPOSAL:
CAN THERE BE A RESOLUTION?
DISCUSSION
The discussion of this session covered the problems of radioactive waste management in a
broad sense, focusing on issues ranging from the siting of a permanent United States geologic
repository to the current programs in other countries, and included consideration of whether a
definitive decision regarding how to dispose of such wastes needs to be made at the present
time.
It was asked, if geologic disposal is chosen as the preferred method, whether there would
be any advantage in naming perhaps three locations in a single state as potential sites rather
than just one, in an attempt to isolate the technical issues from the social issues of siting. Mr.
Ahearne responded that he did not think that such a process would solve the problems of
siting. He gave as an example past low-level siting discussions in North Carolina. As long as
there were several sites under consideration (in this case, three), the process proceeded well,
but as soon as a particular site was selected, it became paralyzed again.
Mr. Cotton replied that it is an open question in any event whether the federal government
can force any state to accept a repository. He also noted that once the federal-state
relationship becomes adversarial, all hope is lost of accomplishing anything. He added that
it is not at all clear what will happen concerning the Yucca Mountain site in Nevada. Even if
the state loses several pending lawsuits, it is questionable whether there will be a change in in
attitudes among the population to begin to balance costs and benefits. A federal negotiator,
charged to broker waste site acceptance by communities, has been appointed and might be able
to function successfully under such a circumstance.
One participant stated that, according to some students of such situations a community or
its leaders will not consider accepting both compensation and a facility if they believe the facility is fundamentally unsafe. Effectively one can not trade safety for economic benefits. S if
the safety of such a facility is considered to be poor, he asked, can we reach the point where
economic compensation can be seen as anything other than a bribe? He also pointed out that,
with regard to a federal repository, some of the opinion surveys nationwide indicate that a significant population think a single repository is the least equitable solution. There is a great
deal of sympathy with Nevada's position in not wanting to be singled out as the sole recipient
of nuclear wastes. On the other hand, we can go to the opposite policy extreme and keep the
wastes near sites where the benefits which it produced are captured, at the point where the
power is generated. This is the current de facto policy. How long people will accept that option is also an open question; available evidence indicates that they do not like that option
either.
Mr. Cotton agreed with the view that the people must be convinced of the safety of a
facility first before one may discuss economic benefits. However, he pointed out, in the example
of the proposed interim waste storage facility to be sited in Tennessee, safety was not a
contentious issue. Even the state governor in his statement decrying the facility spent one and a
half pages saying it was safe. The controversy came down to arguments about perceived
economic effects. At the proposed site of Oak Ridge, people generally accepted the expected
level of safety and were also expecting some economic benefits. So, there is some evidence that
waste facilities can be made locally acceptable.
With regard to the equity f using only one repository, Mr. Cotton questioned whether the
opinion survey mentioned previously had included people in the east who would be subject to
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the hazards of an eastern repository. He explained that an eastern repository was an underlying fact of the initial national repository plan. There would be one repository in the east and
one in the west - but the plan fell apart when the realities of finding a site in the east came
home to the people who live there. The resulting opposition was implacable.
Mr. Aheame also agreed with the point that compensation must not become a bribe. In
order to avoid the appearance of offering a bribe, the industry must wait passively until the
government completes selection of a repository site.
One participant repeated Mr. Ahearne's view, that the obvious policy choice would be to
do nothing now. Doing so may or may not solve the public acceptance aspect of the waste problem, but it would not solve the overall problems of nuclear power. He asserted that until people
decide that nuclear wastes are a lot less desirable than coal wastes, for example, they will not
be willing to accept solutions dealing solely with nuclear waste. People do not like to deal
with undesirable things, but when all alternatives are undesirable, ultimately they deal with
them. However, until there is a more candid discussion on the coal problem, society will not
make much progress on nuclear waste disposal. He asked why there is not a more candid discussion of the coal problem, and answered with the view that many of those in a gathering such as
this conference are as heavily invested in coal as in nuclear. Certainly he utilities, and many
of the equipment suppliers are. There is nothing wrong with that, it is just a fact. Until recognition of this reality occurs, we will ternporalize and wait, with the result that we will eventually build gas turbines as all other new generation options become precluded by events. He
concluded with the question of what could be a worse elective energy policy than installing a
lot of combustion turbines and making ourselves still more reliant on Middle East oil?
Returning to the issue of advanced reactor designs from the previous day's discussion, one
participant expressed the view that the waste question can be separated from those of the
second generation of power reactors, because whatever the waste situation is now will not be
made much worse by the addition of some new reactors. This view was in variance with that of
some skeptical elite groups, most notably the Union of Concerned Scientists (UCS), which had
made a public statement that before any new reactors are built, including those of the next
technological generation, there should be a demonstration that safe methods of disposal are
available and a repository site specified. However, even if all of these conditions were met,
this participant added, the next federal administration could undo the whole arrangement.
There-fore, advanced reactor designs should allow for spent fuel storage at the reactor site for
the life of the plant. The storage capacity need not be installed from the start of operations,
but some flexibility should be included in the design to add it on later.
The question was asked, "As a functioning permanent geologic repository seems rather far
away into the future, say the year 2010 at the earliest, what are the objections against building
a monitored retrievable storage (MRS) facility right now? Is an MRS feasible, what must be
done to obtain one, and is that a recommended interim solution?"
Mr. Cotton's answer: "The Nuclear Waste Policy Act Amendment of 1987 authorized the
Department of Energy to construct an MRS. At the same time, the Congress specified several
restrictions on its use. The restrictions were added to keep the MRS from becoming an alternative to a permanent repository. The DOE cannot locate a repository at a different site until
they have formally recommended what to do with Yucca Mountain. This means completing the
site examination, determining whether it is satisfactory, and recommending whether to use it.
Afterward, repository construction and operation are all linked to specified steps of the
development of the repository. The schedule is very tight, so we would not be able to get an
MRS into operation more than a few years ahead of the repository under the Crrent legal
mandates. The position of the DOE is they want those mandates softened or removed, which
could be done by direct legislative amendment.
"Alternatively, the anticipation is that we could find a willing repository host community through the work of the Federal Waste Siting Negotiator. If so, the relevant agreement
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would have to be passed by the Congress as legislation, and therefore would in effect become
law. It could include changes in the existing restrictions upon repositories. So the amendment
would come into existence as part of the Congressional approval of an agreement, rather than as
something formulated in an abstract fashion before an actual site were selected. I do not think
anyone in Congress will want to deal with this issue again until there is a site actually identified where the local community wants to host a facility."
One participant pointed out that one of the justifications used for assuming there might be
a esurgence of interest in nuclear power is that we will have to take into account some of the
negative consequences of other power generation sources, such as acid rain and potential global
warming. It is difficult, therefore, to expect society to accept a technology where the
consequences of that technology have not been taken fully into account. With this argument the
nuclear power advocates are asking another industry to internalize their externalities. Should
not the nuclear power industry have a plan for doing so before it is proposed as an alternative to
other externalities?
Mr. Ahearne's response: 'That argument was raised in the past, even before the issue of
increased carbon dioxide emissions became prominent. How could you possibly continue with a
nuclear power program until you have a repository to put the waste into? My argument with
regard to nuclear waste is that, in the current state it is in, I do not find it to be such a great hazard that I feel a need to find somewhere to put it away immediately. Consequently, on a
comparative risk basis, I find surface storage to be an acceptable risk. However, I am not saying
I think this is the position which the public would adopt.
"Many uncertainties exist with regard to the effects of the increased use of fossil fuels and
the effects upon the atmosphere and climate. Concerning such effects, it will not be possible,
such as it is with radioactive wastes in a stored cask, to put them aside with the hope of
finding some other alternative approach. Once a lot of trace gases having half-lives of 5 to
100 years enter the atmosphere you cannot go back and say you would rather do something
different with them. There are problems with most energy generation sources. You try very
hard to develop all of the alternatives which you might wish to use, but once they are
reasonably mature, you will still be faced with the issue of fossil versus nuclear fuels. It seems
to me that my suggestions on how to handle high-level wastes are much better than what we
have been trying to do."
Perhaps the most valuable part of the discussion was that which provided some small
insight into the situations in Germany, Canada, and Sweden. It was expressed that the
situation in Germany has many similarities to ours and, in fact, is subject to a great deal of
influence from the United States. The German panelist gave as an example the fact that the
decision not to use salt mine repositories in the United States is used by opponents of such
facilities in Germany.
The Canadian participant described their current situation: "In Canada, our process is
very different than in the United States. Emphasis is on the process rather than on the actual
disposal concept. The design and approval process started at least ten years ago and the focus
has been on the technical issues of the disposal concept. The concept developed by Atomic
Energy of Canada, Ltd. (AECL) is one of geological disposal. Much work was done at the
Whiteshell Laboratory in Winnipeg, with money and participation from the United States.
The Atomic Energy Control Board established very strict acceptance criteria, similar to those
of the United States. An example criterion allows a maximum cancer risk of 10-6 per year, over
a period of something like 10,000 years. Attainment of this standard has yet to be
demonstrated. The first stage of work is essentially complete; the concept has been studied in
depth and relevant reports issued. The major technical issues have been more or less resolved, I
believe that the required demonstration can be achieved.
"The second part of the storage process, which we are entering now, is very important.
Ibis is a public and scientific review of the concept, without regard for where or even whether
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it will be implemented. The skeptical elite will be involved in scrutinizing the technical
feasibility of this geological disposal concept. At the end of three to four years, the political
decision will then be made as to whether we will dispose of the waste, when such disposal will
take place, or whether reprocessing will be considered. It is only after that step that a process
will start to sect
a site. Site selection will involve a volunteer approach."
One participant who had worked with the Swedish nuclear power program for many
years related some aspects of their waste disposal program that allow it

to work well.

"Sweden has very strong anti-nuclear factions committed to shutting down the industry.

The

government and opponents required the industry, before they could even start up their final
reactors, to adopt a schedule for waste disposal with a conceptual design and a safety analysis
that would survive international review.

This was seriously accomplished

on a technical

basis, and it survived review by iternational groups.
"Second, they set a schedule for establishing the repository which had in
elements Mr. Cotton is talking about.

perception, but on the basis of when they needed to have an operational facility.
was st

it

the very

They did not set that schedule on the basis of public
That date

at the year 2020. And because of the same arguments as Mr. Cotton, they put into place

an interim storage facility which now exists and is

working.

I cannot say that they have

solved all technical problems, but they are on schedule and making excellent progress. Sweden
has instituted many organizations such as Intracoin, Hydracoin, and

ntraval, which are

international groups performing bench-marking studies in hydrogeologic problems.
States participation has been rather limited, although that is changing.

United

The Swedish have

prospered in their international work, especially in Europe. We are on our way out, partly
because we have selected a repository site so different than anyone else's, being on saturated
rock, but it is not all that bad.

We have not recognized the value of international work and

have not made it part of our program."
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SESSION EIGHT

USE OF FAST -SPECTRUM REACTORS FOR HLW BURNING

ACTU41DE RECYCLE
Charles Till and Yoon Chang
Argonne National Laboratory

ACTINIDE BURNING AND WASTE DISPOSAL
Thomas H. Pigford.
University of California, Berkeley

INTRODUCTION
Session

- Use of Fast-Spectrum Reactor For High Level Waste Burning

As the rigidity of the ipasse governing establishment of a national nuclear waste
disposal facility has become more evident, interest has grown in alternative means of disposal
of at least some waste forms. A leading option in this category is that of 'actinide burning'.
This concept is an old one and has lately received renewed interest, due to potential
improvements offered by the Integral Fast Reactor (IFR) concept. With actinide burning many
of the longest-lived nuclear high level waste species are transmuted in a reactor to isotopes
having much shorter half-lives, thereby reducing the amounts of waste needing highly secure
storage facilities for durations greater than a millennium. Whether this concept would be
attractive would depend upon many factors, including: costs, the purity with which different
species could be separated, rates of transmutation and amounts of long-lived species which
cannot be transmuted.
The keynote paper was presented by Dr. Yoon Chang, Director of the IFR Project at the
Argonne National Laboratory. The respondent paper was given by Prof. Thomas Pigford,
Professor of Nuclear Engineering at the University of California, Berkeley. Prof. Pigford has
devoted his career to nuclear chemical engineering, and has long been a leader in related
education and research.
The keynote paper argues that the promise of successful actinide burning is sufficiently
great to justify an ambitious research program attempting to realize its benefits. The
respondent paper emphasizes that these benefits will be expensive, delayed at least one or two
decades and likely be too small to justify great enthusiasm at this time.
The following discussion reflected little clear consensus, beyond the idea that even if the
payoff of actinide burning were likely to be small and long delayed it could still be worth
pursuing because the eventual results might be better than this expectation, and the current
high level waste disposal alternatives are not promising.
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AMNIDE RECYCLE
Charles Till and Yoon Chang

MSTORICAL PERSPECTIVE
A multitude of studies and assessments of actinicle partitioning and transmutation were
carried out in the late 1970s and early 1980s. Probably the most comprehensive of these was a
study coordinated by Oak Ridge National Laboratory [1]. The conclusions of this study were
that only rather weak economic and safety incentives existed for partitioning and transmuting
the actinides for waste management purposes, due to the facts that (1) partitioning processes
were complicated and expensive, and 2 the geologic epository was assumed to contain
actinides for hundreds of thousands of years.
Much has changed in the few years since then. A variety of developments now combine to
First of all, it has become increasingly

warrant a renewed assessment of the actinide recycle.

difficult to provide to all parties the necessary assurance that the repository will contain
essentially all radioactive materials until they have decayed.

Assurance can almost certainly

be provided to regulatory agencies by sound technical arguments, but it is difficult to convince
the general public that the behavior of wastes stored in the ground can be modeled and predicted for even a few thousand years. From this point of view alone there would seem to be a
clear benefit inreducing thelong-term toxicity of the high-level wastes placed in therepository.
Secondly, the Nuclear Waste Policy Act of 1982 mandated

that (1)

EPA

Promulgate

standards for protection of the general environment from off-site releases from radioactive
materials in

repositories and

2

NRC

promulgate technical

requirements and

consistent with EPA standards, that NRC will apply in licensing of repositories.

the NRC

criteria,

As a result,

regulations were developed in 10 CFR Part 60, "Disposal of High-Level Radioactive

Wastes in Geologic Repositories" and the EPA standards in

40

CFR Part 191, "Environmental

Radiation Protection Standards for Management and Disposal of Spent Nuclear Fuel, HighLevel and Transuranic Radioactive Wastes."
must be reevaluated in

The place of actinide recycle today, therefore,

the light of the technical performance requirements placed on the

repository by these newly established NRC regulations and EPA standards.
Finally, IFR pyroprocessing has been developed only in

recent years and it appears to

have potential as a relatively uncomplicated, effective actinicle recovery process.
actinicle recycling

occurs

naturally

in

the IFR

fuel

cycle.

Although

still

In

fact,

very much

developmental, the entire IFR fuel cycle will be demonstrated on prototype-scale in conjunction
with the EBR-11 and its refurbished

Fuel Cycle Facility starting in

early 1991.

A logical

extension to this work, therefore, is to establish whether this IFR pyrochernical processing can
be applied to extracting actinides from LWR spent fuel.
Some history of the process development leading up to the present state of affairs in pyroprocessing is useful at this point. In the 1960s, the EBR-II Fuel Cycle Facility operated for five
years using a simple sagging process, known as melt refinin& in which the fuel was melted in
an oxide crucible.

The electropositive fission products were separated from the fuel alloy by

reaction with the oxide crucible to frm
was.

a slag.

This was the main process, simple though it

But pyrochemical processes for recovering the actinides included with the slag were also

explored.

These "skull reclamation" processes involved reduction of the oxide slag into

metallic solvents, such as Zn, Cd, and Mg, and separation of actinides from fission products by
solubility differences and peferential extraction into molten chloride salts.

A skull reclarna-

tion process of this kind was successfully demonstrated on an engineering scale at that
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time.

In light of that success, the logical extension of these techniques to direct processing of U02
and U02-PuO2 fast reactor fuels began. Rapid, reliable methods of reducing these dense oxide
fuel pellets into liquid metal solutions were developed, followed by processes employing
extractions between metals and salts to separate fission products from actinides. And because of
the large volume of fuel handled by these processes, an important requirement from the start
was to minimize the volume of liquid metal and salt solutions. This was accomplished by
having most of the uranium present as a precipitated metal phase.
The IFR process development in recent years combined with the technology experience
described above has led to a preliminary assessment at ANL of the feasibility of using
pyrochernical processes for directly extracting actinides from the LWR spent fuel. The results
of this assessment indicate promising potential. Two of the most promising flowsheet options
have been identified for in-depth R&D efforts.
On the basis of this work, the Department of Energy has initiated an assessment of the
R&D activities needed to provide the technical facts necessary to assess the practicality of
actinide recycling, timed to allow timely policy decisions on implementation, if favorable
results are obtained.
This report summarizes current thinking on the rationale for actinide recycle, its
ramifications on the geologic repository and the current high-level waste management plans,
and the necessary development programs.
RATIONALE FOR ACTINIDE RECYCLE
The LWR spent fuel waste consists of both fission product and actinide elements. Fission
products comprise hundreds of various isotopes, which, along with energy, are the products of
fissioning. Actinides (or more precisely transuranic elements) ae produced from neutron
capture, as opposed to neutron fission, reactions in the fuel.
The relative radiological toxicities of actinides and fission products contained in oncethrough LWR spent fuel are compared in Fig. 8-1, normalized to the toxicity of the natural
uranium Ore. Fig. 8-1 was derived in the following manner:
The International Commission on Radiological Protection (ICRP) Publication 30 gives
estimates of the cancer risk to various body organs resulting from ingestion of a radionuclide.
When this is multiplied by the number of curies of each isotope in the LWR spent fuel, the
result is an estimate of the number of cancer doses from each radionuclide in the spent fuel.
These cancer doses are then summed over radionuclides in two categories, fission products and
actinides, for metric ton of the spent fuel. This gives the total potential radiological hazard
if all radionuclides in metric ton of the spent fuel are ingested. This potential hazard is then
non-nalized elative to the cancer hazard, calculated in the same manner, associated with
natural uranium ore from which the spent fuel Originated. Assuming 32% enrichment and tails
assay of 02%, about 59 metric tons of natural uranium is needed to produce metric ton of LWR
fuel. In the natural uranium Ore the uranium is assumed to be in equilibrium with its daughter
products. The ingestion mode is assumed to be oral ingestion.
Instead of expressing the relative radiological hazard or toxicity based on cancer doses,
one could measure the hazard relative to the "annual limits on intake" for each radionuclide.
The "annual limits on intake" are also listed in ICRP Publication 30. Since these limits were
established based on cancer risks, the final results when normalized to the natural uranium ore
are very similar to those obtained based on the more detailed cancer dose methodology. The
n-dnor differences that do exist are due to the simpler metabolic model assumed in deriving the
annual limits on intake.
Relative toxicity can be calculated based on other standards as well, such as the maximum
permissible concentration in drinking water. However, all originate from ICRP data.
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Discrepancies in relative toxicity comparison are generally due to differences in the particular
ICRP source data used, rather than different methodologies. Metabolic data used in the ICRP
publications on individual actinide nuclides key fission products were modified drastically in
1980 and 1988 from the original version of 1953. The sensitivities to different ICRP versions 2,
3, 41 are illustrated in Fig. 82. The important point to be noted is that the overall trend,
relative toxicity as a function of time, is not affected to first order, from the 1980 to the 1988
versions. The 1959 ICRP data, however, substantially underestimates the toxicity of the
actinides relative to both the later versions.
As shown in Fig. 8-1, ost of fission products have elatively short half-lives, and their
radiological toxicity drops below that of their original uranium ore in a timespan of the oder
of 200 years. Actinides, on the other hand, have long half-lives and their radiological toxicity
remains orders of magnitude higher than that due to fission products for nd1lions of years In
this lies the incentive to separate actinides from the waste stream and recycle them back into a
reacto fr in-situ burning, leaving a waste free of actinides.
It should be noted at this point, however, that Fig. 8-1 does not represent actual
radiological risk from a repository, for example, because it does not take any account of
pathways to the human body, and in effect assumes total release. The term "toxicity" is used in
Fig. 8-1 instead of "risk" because the word "risk" has an implicit connotation that the
radioactive nuclides in the repository are released to the environment causing ingestion by
humans and hence involves cancer risks. The term "toxicity" is meant to indicate the potential
hazard contained in the materials in the repository, without addressing the issue of actual
pathways from repository to human body.
Another, more concrete, way of evaluating the benefits of actinide recycle is in terms of the
ability to satisfy the technical performance requirements placed on the geologic repository.
The EPA standards establish containment requirements that cumulative releases of radionuclides to the accessible environment for 10,000 years after disposal have a likelihood of less
than one chance in 10 of exceeding the quantities specified as "cumulative release limits."
A proposed NRC rulemaking involves direct incorporation of the EPA cumulative release
limits within 10 CFR Part 60. Even before this direct incorporation, 10 CFR Part 60 requires the
repository to conform to such generally applicable environmental standards for radioactivity
as may have been established by EPA. The EPA cumulative elease limit is therefore a very
important technical requirement placed on the geologic repository. The EPA cumulative
release limits given in terms of curies per MTHM of spent fuel are listed in Table 8.1.
The LWR spent fuel activities for various nuclides normalized to the EPA limits in Table
8.1 are summarized in Table 82. If this value is less than 1, it means that even if the entire
inventory is released the EPA limit is not exceeded. If this value is 100, then only 1% of the
inventory can be released before the limit is exceeded, and so on. Since the activity varies with
time the last two columns in the table were based on average activity over the period of 1 to
1000 years and the period of 1000 to 10,000 years, respectively.
Following the 300-1000 years of containment period required by the NRC regulations, the
long-lived fission products have decayed to the same magnitude as the cumulative release
limit. However, the actinide (including plutonium) activity is about 1000 times the cumulative
release limit. The allowable release is 0.001, or 0.1% over the 10,000-year period. Allowable
annual release rates then would be 10-7 per year. This is a very stringent requirement to meet.
If actinides are removed from the waste stream, then the EPA standards on cumulative
release limits can be met very easily. Table 82 also indicates the desirable level of actinide
decontamination. If 99.9% of actinides are removed fom the spent fuel, then their activity
will be on the order of unity after 1000 years. This is also consistent with the toxicity level
considerations. Referring back to Fig. 8-1, if the actinides in the waste stream are reduced to 10-3,
their toxicity is in the same range as that of fission products.
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Table 8.1
RELEASE LIMIT'S FOR CONTAINMENT REQUIREMENTS
(Cumulative Releases to the Accessible Environment for 10,000 Years After Disposal)
Release Limit per 1000 MTHM
or Other Unit of Waste (Curies)

Radionuclide
Americium-241 or 243
Carbon-14
Cesium-135 or 137
Iodine-129
Neptunium-237
Plutonium-238, 239, 240, or 242
Radium-226
Strontium-90
Technetium-99
Thorium-230 or 232
Tin-126
Uranium-233, 234, 235, 236, or 238

100
100
1000
100
100
100
100
1000
10,000
10
1000
100

Any other alpha-emitting radionuclide with
a half-life greater than 20 years

100

Any other radionuclide with a half-life
greater than 20 years that does not emit
alpha particles

1000

Table 82
LWR SPENT FUEL ACTIVITY
(Normalized to the EPA "Cumulative Release Limit" Listed in Table 8.1)
Average
Average
Activity
Activity
Activity
at 10 yrs
10-103 yrs
103-104 yrs
Sr-90
Cs-137
1-129
TC-99
Other Long-lived l?
Actinides

60,000
90,000
0.3
1.4
5.0
105,000
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2600
3800
0.3
1.4
5.0
5000

0.0
0.0
0.3
1.4
5.0
800

IMPLICATIONS ON REPOSITORY
As discussed above, actinide recycle allows the technical performance requirements placed
on the repository to e met more easily, and seems highly desirable from the point of view of
public acceptance. Actinide recycle should make the entire geologic repository concept more
viable. At the same time, however, actinide recycle is not a requirement for the high-level
waste management, and actinide recycle does not replace the need for a geologic repository.
The geologic repository is needed, independent of actinide recycle, for the following
reasons.
• The goal decontamination factor for the removal of actinides from the waste stream is
101, that i, 99.9% emoval of actinides. The residual 0.1% of actinides means waste
that is far from being qualified as a non-TRU waste. A decontamination factor of the
order of 106 would be needed for non-TRU qualification. Therefore a geologic epository
is needed to store even the residual actinides.
•

In addition to residual actinides, there are a number of long-lived fission products, such
as Tc-99,1-129, Cs-135, etc., that will always need to be stored.

• There are solidified defense high-level wastes and other civilian high-level wastes
right now that need to be disposed in a geologic repository.
Therefore, actinide recycle must not be allowed to interfere with the present high-level
waste management plans leading to the first geologic repository. Actinide recycle is a longterm option. It requires much further R&D to establish the technical, economic, and
institutional practicality.
Although actinide recycle does not replace the need for a geologic repository, if successful
it should simplify the long-term waste management strategy dealing with the need and timing
of the second repository.
The Nuclear Waste Policy Act NWPA) of 1982 prohibits the emplacement of spent fuel in
the first epository containing in excess of 70,000 metric tons of heavy metal until such time as a
second repository is in operation. The intent was to prevent the first repository being the only
one and hence expanding its capacity forever. However, if the radiological toxicity is reduced
by orders of magnitude through actinide recycle, and the decay heat burden could be reduced
through an interim storage of cesium and strontium, it is reasonable to suggest that the current
NWPA be amended to allow more efficient use of the first repository capacity.
The characteristics of the geological formation in which the repository is to be located
limits the quantity and configuration of the spent fuel or process wastes that are to be replaced
therein. Analysis of the Yucca Mountain Site, for example, indicates that the maximum heat
burden that the site can handle without damage to the rock (chemistry, structure, and
mechanical strength) is about 57 kW/acre. For ten-year cooled spent fuel, the heat load
considerations limit the boreholes to only 16 per acre. If the heat load is not a constraint, then
more boreholes can be drilled. The structural considerations during borehole drilling then
determine the maximum number of boreholes, which is conservatively estimated to be 130 per
acre. This is a factor of
increase in the effective capacity. Furthermore, if heat load
considerations were no longer limiting, the waste form could be compacted for each borehole to
fairly easily gain a further factor of about 25. So the overall potential for the first repository
capacity increase is of the order of a factor of 20, if beat loads were eliminated.
As shown in Table 83, the heat load is dominated by Cs and Sr in the short term, and by
actinides in the long term. Therefore, if actinides are recycled and Sr and Cs are stored in
interim on the surface, the effective capacity of the first repository could be extended to the
point where a second repository is not needed for a very long time.

-

Table 83
DECAY HEAT OF WR SPENT FUEL
(Watts/MTHM)
Year
1
5
10
20
50
100
200
500

Actinide
610
280
280
270
250
215
174
110

Sr and Cs

Other F.P.

Total

8270
1550
940
650
320
97
9
0

3430
430
80
30
2
0
0
0

12310
2260
1300
950
572
312
183
110

Fig. 83 illustrates the capacity increase possible for a given heat load constraint as a
function of the storage time of Cs and Sr. If Cs and Sr are separated and stored on surface for 5
years, in addition to the actinide recycling, the first repository capacity can be increased by a
factor of 10. To fully realize the maximum of 20 improvement, a 125-year storage is required.
After their interim storage, the waste containing Sr and Cs can be put into the repository for
permanent disposal.
Even after most of the long-lived actinides are separated from the waste stream, other
long-lived fission products remain. A logical question is whether incentive exists to partition
and transmute these fission products as well. As summarized in Table 82, the concentrations of
these long-lived fission products are low and the activities are in the same range as the EPA
cumulative release lin-dts. Furthermore, their combined toxicity level is at least two orders of
magnitude less than that of the natural uranium ore as shown earlier in Fig. 8-1. Therefore,
there seems to be no strong incentive to partition and transmute these long-lived fission products.
However, it should also be noted that previous repository risk assessment has shown that
Tc-99 and 1129 dominated the long-term risk. This is because during an assumed leach incident
at the epository the models used for risk analysis predict that technetium and iodine migrate
through the geosphere rapidly enough to reach the biosphere within one million years, while
actinides are sorbed in the geosphere and do not reach biosphere within one million years.
That is why the risk is dominated by Tc-99 92%) and 1129 (8%). In perspective, however, the
health effects of Tc-99 and I129 that arise from a repository leach incident are about a factor
of 20 less than the expected health effects from natural background.
ACTINIDE RECYCLE IN THE IFR
A distinguishing element of the IFR concept is its unique fuel cycle based on metallic fuel
and pyroprocessing. The key step in the IFR process is electro-refining. A cadmium pool in the
bottom of the electrorefiner vessel serves as one electrode. The electrolyte is LiCl. - KCI eutectic
with about 2 mol % heavy metal chlorides, rare earth chlorides, and active metal (sodium,
cesium, strontium) chlorides. Suitable electrodes for anodic dissolution of fuel and for product
recovery are placed in the electrolyte.
Spent fuel pins are chopped and put in a basket for dissolution in the electrorefiner at
500'C. Cadmium chloride is then added to oxidize alkali, alkaline earth, and most rare earth
metals to their chlorides, which become a part of the molten chloride electrolyte. Essentially
pure uranium is electrotransported to a solid cathode and mixed U-Pu product is electrotransported to a liquid cadmium cathode. These cathodes are removed from the electroTefiner
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cell and retorted to vaporize the cadmium and any occluded salt and to consolidate the product
by melting. Noble metals, which do not electrotransport, fall into the cadmium pool; they
eventually are removed by mechanical means such as filtration or distillation of the pool. Te
salt is freed of lanthanides and actinides by reduction and returned to the process; the small
amount of excess salt can be cassified as a non-TRU waste. At some time, sodium buildup will
require that the entire salt batch be discarded. This salt, which contains fission-product
cesium, strontium, and iodine, may be incorporated into a ceramic matrix to produce a non-TRU
waste form. The rare earths from the reduction and the noble metal fission products are consolidated into a metal such as copper to provide a permanent disposable waste form.
The chemistry of the pyroprocess is based on the relative ease of oxidation of the elements
that make up the metal fuel. This is determined by the free energies of formation of chlorides
of these elements. Alkali and alkaline earth metals are readily oxidized into the salt, and
less easily oxidized noble elements remain as metals. The amount of oxidant can be adjusted so
that the actinides and rare earths are found both as metals and in the salt, although actinides
will mostly be found as metal and rare earths will mostly be chlorides. Thus, oxidation effects
most of the separation of actinides from fission products.
Separate collection of the uranium product and the mixed actinide product is possible
because uranium is slightly less easily oxidized than the other actinides, and because the
oxidation state is such that the salt contains a mixture of actinides. When eectrotransport is
used simultaneously to oxidize the metals to their chlorides at an anode and to reduce an
equivalent amount of chloride to metal at a solid metal cathode, uranium is preferentially
deposited and the other actinides are preferentially oxidized. The product is essentially pure
uranium, contaminated with the salt.
When a crucible containing liquid cadmium is used as the cathode, uranium, plutonium,
minor actinides, and some of rare earths are all stabilized as metals by interaction with the
cadmium. The cadmium electrode product is a mixture of actinides with small amounts of rare
earths. Thus, the recovery and recycle of the actinides occur naturally in the IR pyroprocess.
The hard spectrum reactor characteristic of the IFR makes an ideal actinide burner. Of
course, actinides in a given target element can be burned in any reactor type. However, largescale actinide burning involving the cumulated actinides from the LWR spent fuel inventory
cannot be done efficiently in the thermal spectrum reactor. Because of high capture to fission
cross section ratios, substantial amounts of the actinides evolve into higher mass isotopes in the
thermal spectrum reactor. This degrades reactivity of the actinide mixture. herefore, if the
reactor is fueled largely with actinides, there is a limit beyond which they will be unlikely to
be placed in a thermal eactor because of reactivity poisoning. As shown in Table 84, after four
cycle generations, the eactivity value of the actinide mixture has been reduced to only about
7% of standard enriched uranium fuel. This requires a 43.6% actinide content for the fuel to
have equivalent reactivity value. By this time, less than 30% of the initial actinides have
burned. Thermal reactors are not feasible as true actinide burners.
Table 84
ACTINIDE (Including Pu) RECYCLE IN LWR
Actinide
Recycle
Generation

Actinide
Reactivity Worth
Relative to U-235

Fraction of
Loading
Percent HM

1
2
3
4
5

0.45
0.19
0.12
0.09
0.07

7.1
16.7
26.2
35.2
43.6
8 -11

Initial Actinide
Remainin
1.00
0.84
0.78
0.73
0.71

The WR-generated actinides (plutonium, neptunium americium, curium, etc.) can be used
efficiently in the lFR spectrum because in this spectrum they have a considerable reactivity
value. Further, because of the high fission to capture cross section ratios, they tend to bum
rather than tansmute and an equilibrium concentration of actinide is quickly established with
continuous recycling. The FR can be designed to operate in an actinide self-sustaining mode or
as a net actinide burner.
The principal high-level wastes from the IFR pyroprocess fuel cycle are the metals and
salts discharged from the electrorefiner. The metal waste consists of fuel cladding and perhaps
a small amount of cadmium that is not recycled. This waste will also contain the noble metal
fission products, most of the alloy zirconium, and small amounts of actinides. The electrorefiner
salt will contain the halide, alkali-metal, alkaline earth and rare earth fission products
along with some actinides. These waste streams are then converted to forms that are
acceptable for disposal, as described below.
The salt waste is treated to reduce actinide content to less than ppm. by contact with a 1.1Cd alloy, followed by filtration to remove insoluble impurities. After this treatment, the salt
contains only the fission products cesium, strontium, and iodine. Its alpha activity will be
below 100 nCi/g. The salt waste will then be immobilized in a suitable matrix and dispersed in
metal or sintered ceramic matrix sealed in containers.
The metallic wastes from electrorefining will be combined with the Cd-Li used in treating
the salt and the excess cadmium will be removed by retorting. The residue will be dispersed
and immobilized in a corrosion-resistant metal matrix such as copper. This mixture will then be
sealed in corrosion-resistant containers for disposal as high-level waste.
In the IR process, cesium and strontium are already separated in the form of the salt
waste, and therefore, there is no need to have additional separation processes developed if it
were deemed desirable to implement the alternative waste management discussed earlier. The
salt waste packages can be stored for an appropriate period to allow the decay heat reduction
before they are permanently disposed in the geologic repository.
The status of the IFR process development has reached the point where a prototype
demonstration of the entire IR fuel cycle will be conducted in conjunction with EBR-II and its
refurbished Fuel Cycle Facility, beginning in late 1991.
EXTENSION OF PYROPROCESSING TO

WR SPENT FUEL

IFR pyroprocessing appears to promise improvements in long-term waste management for
the IFR itself. The next question that arises naturally is whether the approach can be
extended to process LWR spent fuel. And, in fact, it turns out that there is an extensive
experience base at Argonne in applying pyrochemical processes to oxide fuel.
In the late 1960s, the EBR-11 fuel cycle facility operated for about five years using a
simple drossing process, known as melt refining. In this process the electropositive fission
products were separated from the fuel by reaction with a zirconium oxide crucible. The volatile
elements were released and collected on a fume trap or condensed cryogenically from the cell
atmosphere.
A pyrochemical process for recovering the actinides occluded with the dross, or crucible
skull, was developed and demonstrated on an engineering scale with simulated fuel. This skull
reclamation process employed liquid zinc-magnesium and molten chloride salt as process
solvents. Also a blanket process for recovery of plutonium from metallic uranium blankets was
demonstrated on a bench scale. This process involved the selective extraction of plutonium from
molten uranium into an immiscible magnesium phase.
The techniques developed to process EBR-H skulls and blankets were then extended to
processing uranium oxide and mixed oxide fast reactor fuels. Rapid methods for reducing these
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dense oxide fuels were demonstrated, and a liquid metal-fused salt extraction step was
developed for isolating the uranium, plutonium, and fission products. This "salt transport
process" was demonstrated on a laboratory scale, but funding terminated before a planned pilot
plant demonstration could be completed.
The earlier pyrochernical process development efforts were discontinued because there was
no clear advantage to producing a pure plutonium product stream over the traditional PUREX
process. Today, however, the processing goal has changed. In traditional reprocessing based on
PUREX, the goal was to produce a highly decontaminated, pure Pu product stream. However,
when LWR processing is viewed as a waste management strategy, the goal is quite different.
Neither a pure Pu product stream nor a high decontamination factor is required. In fact, just the
opposite is desirable. The new process goals, when LWR spent fuel processing is viewed as a
waste management strategy, are as follows:
• Direct extraction of all actinides (Pu, Np, Am, Cm, etc.) from the spent fuel as a single
product stream.
• An actinide recovery target of 99.9%, at minimum.
• The process should be incapable of producing pure Pu product.
• The process should be incapable of achieving a high decontamination factor for fission
products.
• The process should be simple enough to achieve acceptable economics.
A preliminary assessment has been made to investigate the feasibility of using
pyrochemical processes for directly extracting actinides from WR spent fuel, satisfying the
new process goals discussed above. It appears that the pyrochemical processes are exactly
compatible with the new process goals and two promising flowsheet options have been
identified: (1 a salt transport process and 2 a magnesium extraction process. These two
processes are described below.
Salt Transport Process
The schematics of the salt transport process is shown in Fig. 84. In the salt transport
process, LWR fuel oxides are reduced to metal in a liquid metal-fused salt system. The oxide
fuel reacts with calcium to form CaO, which dissolves in the CaC12-based salt. The reduced
metals dissolve, or, if solubility is exceeded, precipitate in the immiscible liquid metal phase,
a copper-magnesium-calcium solution. This reduction system operates at 8001C. Uranium,
which is the bulk of the reduction product, precipitates in the metal phase. The concentrations
of plutonium and other actinides are below their solubility limits in the Cu-Mg liquid and
accumulate in the liquid metal phase. Alkali, alkaline earth, and iodine fission products
remain in the salt phase, while rare earth and noble metal fission products accumulate in the
Cu-Mg alloy.
After the reduction, the salt phase is treated in an electrolytic cell where the CaO in the
CaC]2-CaO solution is reduced at a carbon electrode. ne carbon electrode is consumed to form
gaseous CO/CO2 (a waste product). The calcium metal produced is dissolved in a liquid coppermagnesium cathode and is used in the next reduction operation.
The spent reduction salt must be recycled to avoid the generation of excessive waste.
Calcium was selected as the reductant because it can be regenerated from the CaO in the reductant salt by an electrolytic reduction process. The chemical feasibility of electrolytic reduction
has been demonstrated, but engineering development of tis process has not been pursued.
Removal of CaO from the reduction salt should permit continued use of the reduction salt until
limits are reached from the heat generation resulting from buildup of strontium and cesium.
Consequently, the salt waste will only be a small dragout stream to limit these elements.
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The metal phase left in the reduction vessel after the removal of the salt phase is
processed by the salt transport step. Transport salt is brought into contact with the metal
phase (now called the donor alloy for the salt transport step). Chemical equilibrium is
established in which plutonium, neptunium americium, and curium tend to displace magnesium
(from M9CI2) in the salt and form their respective chlorides. The magnesium dissolves in the
Cu-Mg alloy. This transport salt is then contacted with an "acceptor" alloy Vn-Mg or Cd-mg).
In the chemical equilibration in this contact, the magnesium from the alloy reduces plutonium,
neptunium americium and curium from the salt. The M902 formed becomes part of the salt and
the reduced actinides dissolve in the acceptor alloy. Conditions can be aanged to control
(within limits) the amount of uranium that is transported along with the plutonium and higher
actinides. The net result of this salt transport step is an equivalent exchange of magnesium for
actinides. Magnesium moves from the acceptor alloy to the donor alloy and the actinides move
from the donor alloy to the acceptor alloy. Rare earth fission products also tend to transport to
the acceptor alloy. Noble metal fission products stay in the donor alloy along with the bulk
uranium. The salt must be cycled several times between the donor and acceptor alloys to
achieve the desired 99.9% recovery of the actinides. There is no significant waste created by
this salt transport step.
The two products of the salt transport step are the donor and acceptor alloys. The Cu-Mg
donor alloy with accumulated solid uranium can be recycled to accumulate more uranium. After
a buildup of uranium from a number of batch cycles, the magnesium can be retorted off for
recycling and the copper-uranium-noble metal cast into an ingot suitable for storing until the
Uranium is to be reused. The acceptor product from the plutonium salt transport step will be
retorted to emove the volatile matrix alloy, which i ecycled to make the acceptor alloy for
the next batch. The actinide-rich heavy metal product from the retortin& which will also
contain the rare earth fission products, can be charged directly to an IFR electrorefiner.
Magnesium Extraction Process
The key steps in the magnesium extraction process are: (1) reduction of the WR fuel
oxides, 2) extraction of actinides and rare earths from the uranium-iron alloy into magnesium,
(3) recovery of the actinides from the liquid magnesium extract by retorting the magnesium, and
(4) regeneration of the salt and calcium reductant to minimize waste volumes as described previously. A process flowsheet is presented as Fig. 8-5.
The initial step in this process, following removal of the fuel from the claddin& is the
reduction of the spent WR oxide. As for the salt transport process, calcium metal is used as the
reductant. The oxide is dispersed in a CaCl2-CaF2 salt, which is added to the reduction vessel
along with the reductant and a uranium-iron eutectic alloy (melting point <80000. 'Ibis alloy,
which has a composition close to the iron rich liquidus, acts as a receiver for the metals reduced
from the oxide fuel. The CaO is soluble in the salt. After the oxide reduction is completed, the
salt is transferred to a separate vessel where the CaO is electrolytically reduced to metal for
calcium ecycle along with salt to the reduction step. This is similar to the calcium-recovery
step described above for the salt transport process. The liquid uranium-iron alloy, now with a
composition close to the uranium-rich fiquidus and containing the reduced metals, is transferred
to the magnesium extraction vessel. The magnesium extraction is based on the unique property
that the actinide elements and rare earths are soluble in molten magnesium, whereas uranium,
iron, and most of the noble metal fission products are not. The two immiscible liquid metals (UFe/Mg) are then separated. The separated magnesium phase is distilled leaving a residue of
actinide and rare earth elements, which becomes feed stock for the IFR electrorefiner or fuel
element casting furnace. The magnesium is recycled to the extraction step. A portion of the
uranium-iron alloy is enriched in iron and returned to the reduction vessel. The majority of this
alloy is cast into suitable shapes for storage. It is assumed that the uranium will be recovered
from this alloy for use in future reactors, probably by electrorefining.

8 15

MAGNESIUM EXTRACTION CONCEPTUAL PROCESS
DECLAD
LWR
FUEL

C02

co
COO

ELECTROLYTIC
CaO REDUCTION
OXIDE
REDUCTION
o

02

rA

SALT

SALT WASTE

Cs, sr,

ETAL

U-Fe
CD
Mo RECYCLE
MgTRURE

M.+
0

MAGNESIUM
EXTRACTION

Mg
TRURE
TRU

CL

0
I

U-Fe-NM
TO MTERI
STORAGE

U-Fe
RETORTI

TO IFR

The two pyrochernical flowsheets described above fit naturally to the LWR actinide
extraction application and should provide significant advantages over the traditional PUREXbased processes.
First, potentially all actinide elements are extracted in a single product stream, along
with most rare earth fission products. A pure plutonium product is not possible. The product is
highly radioactive and is not much more attractive than the original spent fuel as far as the
diversion risk is concerned. The process as such therefore provides some nonproliferation
protection.
Second, in these processes uranium remains as metal ingots with some noble fission product
contamination. In this form the uranium can be easily stored for later recovery and use in the
IFRs. The actinide extraction processes deal with only or 2 of the total heavy metal. his
small mass flow and the few process steps involved lead to compact equipment systems and
small facility size, and portend favorable economics.
However, from the perspective of a U.S. utility, there is no immediate economic incentive
in actinide recycling. With a mill/kWh fee, the title to the spent fuel will be transferred to
DOE for ultimate disposal. Initially, processing for actinide recycle will only add incremental
cost. Thus the cost has to be kept to a minimum for the actinide recycle to be viable.
If actinide extraction is based on the traditional PUREX-based technology, it appears
that even $1000/kgHM processing cost is likely to be optimistic. But even this translates to 43
mills/kWh incremental cost to the WRs. Accounting adjustments such as transferring this cost
increment to the future LMRs is no solution because in the end utilities will operate both the
LWRs and LMRs.
It is economically essential to develop a simple process that can extract actinides directly
from the spent fuel. However, to be fair, the econon-dc cost/benefit analysis for actinide recycle
must be done for the entire system including the effects on the long term repository equirements.
DEVELOPMENT NEEDS
An IFR economy can be justified and established without calling upon justification from
LWR actinide recycle. However, LWR/IFR synergistic fuel cycles do provide advantages, and
without the IFR fuel cycle, actinide recycling of the WR spent fuel does not seem pactical.
Specific policy decisions regarding LWR/IFR synergistic fuel cycle implementation are not
possible at this time. The first repository is needed in any event. The present repository
development program must continue and the IR development program can proceed in parallel.
IFR development and its associated actinide recycle technology must not be placed in the path
of the repository program.
At the same time a good R&D program can be established now. It will provide the
technical facts necessary to assess the practicality of actinide recycle and will be in time to
allow timely policy decisions.
The IR-based development program should have three major tasks:
• The program should begin on a practical LWR actinide extraction process, first
developed, and then demonstrated.
• The presently planned IFR fuel cycle demonstration should be completed expeditiously
as possible.
• Then an IR demonstration project, including both the reactor plant and fuel cycle
facility, should be put in place.
All three tasks must be completed successfully before the LWR/IFR synergistic fuel cycle can be
implemented.
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ACTINIDE BURNING AND WASTE DISPOSAL
Thomas H. Pigford
FOREWORD
The study reported herein was carried out in response to an invitation from MIT to present
a review on this subject at its International Conference on the Next Generation of Nuclear Power
Technology, held in October 1990. The study was carried out independently by the author. It
was not sponsored by any government or private organization. The review is based largely on
information supplied by the U.S. Department of Energy's Office of Nuclear Energy, the Argonne
National Laboratory and the Advanced Nuclear Technology Division of the General Electric
Company. I have also relied on information supplied by the Oak Ridge National Laboratory,
the Lawrence Livermore National Laboratory, the Pacific Northwest Laboratory, the
Westinghouse Hanford Corporation, the Sandia National Laboratory, the Department of
Energy's Yucca Mountain Project and its Waste Isolation Pilot Plant Project, the Electric Power
Research Institute, and Sweden's high-level waste disposal project. The open and willing
discussion by the staffs of these organizations is gratefully acknowledged. However, the
conclusions expressed here are strictly those of the author.

SUMMARY
Here we review technical and economic features of a new poposal (11 for a synergistic
waste-management system involving reprocessing the spent fuel otherwise destined for a US.
high-level waste repository and transmuting the recovered actinides in a fast reactor.
The Proposed ALMR Concept
The proposal would require a U.S. fuel reprocessing plant, capable of recovering and
recycling all actinides, including neptunium americium, and curium, from LWR spent fuel, at
recoveries of 99.9% to 99.999%. The recovered transuranics would fuel the annual introduction
of 14 GWe of actinide-burning liquid-metal fast reactors (ALMRs), beginning in the period 2005
to 2012. The new ALMRs would be accompanied by pyrochernical reprocessing facilities to
recover and recycle all actinides from discharged ALMR fuel. By the year 2045 all of the LWR
spent fuel now destined f a geologic repository would be reprocessed. Costs of constructing and
operating these new reprocessing and reactor facilities would be bome by U.S. industry, from
the sale of electrical energy produced. The ALMR program expects that ALMRs that burn
actinides from LWR spent fuel will be more economical power producers than WRs; as early as
2005 to 2012, so that they can be prudently selected by electric utility companies for new
construction of nuclear power plants in that era.
Some leaders of DOE and its contractors argue that recovering actinides from spent fuel
waste and burning them in fast reactors would reduce the life of the remaining waste to about
200-300 years, instead of 00,000 years. The waste could then be stored above ground until it
dies out. Some argue that no geologic repositories would be needed.
The Crrent view expressed within the ALMR program is that actinide recycle technology
would not replace the need for a geologic repository, but that removing actinides from the waste
for even the first repository would simplify design and licensing of that repository. A second
geologic repository would not be needed. Waste now planned for the second repository would be
emplaced in the first repository. Reprocessing would now include separation of the fission
products strontium and cesium. After interim storage for 20-300 years, the remaining cesium
would also be emplaced in the first repository.
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One DOE laboratory proposes an accelerator to destroy actinides and long-lived fission
products. The time required for geologic or managed storage is said to be reduced to only one to
several centuries.
Ouestions to be Addressed
Relevant to DOE's proposed program of implementing ALMRs, principal questions to be
addressed are:
• What are the ealistic benefits to high-level waste disposal from fuel reprocessing and
actinide burning?
•

Will an economical and reliable process for high-yield recovery of all actinides from
LWR fuel be available in time for industry to produce start-up actinicles for the
ALMRs?

• Will an economical and reliable process for high-yield recovery of transuranics from
recycle ALMR fuel be available?
Is it likely that the cost and reliability of the ALMR and its fuel cycle can be
demonstrated soon enough, and that the costs will be low enough, for industry to chose
the ALMR as an economical power producer on the indicated time schedule?
• When can actinide recycle for fast reactors be expected to be reliably and economically
deployed?
• Can the ALMR and its fuel cycle be reasonably expected to be introduced by electric
utilities and private companies, in the present U.S. infrastructure of nuclear power
generation and industrial fuel cycle operations?
• Would introducing the ALMR and its fuel cycle foreclose other nuclear power and waste
disposal options?
• Are there licensing benefits to introducing the ALMR and its fuel cycle, as compared
with licensing repositories for LWR spent fuel and defense waste?
• Would introducing the ALMR and its fuel cycle introduce new issues of nuclear proliferation and safeguards?
These and other issues are discussed in this review.
Conclusions
Based on the information and discussion herein, I reach the following conclusions:
1

The U.S. badly needs continued and increased deployment of nuclear energy. It needs new
ways of using nuclear technology to solve emerging problems. However, experience shows
that new applications of nuclear technology are difficult to implement if the technical
justification is not sound and thorough. his review suggests several areas wherein more
careful attention is needed before the ALMR concept can be expected to survive objective
review by the technical community.

2.

Safety analyses of geologic repositories, particularly of the U.S. proposed repository in
unsaturated rock, show that the long-term risks are dominated by long-lived, soluble,
weakly sorbing fission products. It is those species that require safety analyses extending
to 100,000 years and beyond. The long-lived fission products will be in the waste even if
actinides are removed and even if the separated wastes are stored on the surface for 20300 years.

3.

The concept of leaving actinide-free waste above ground after a few hundred years does not
meet the safety policy that toxic radioactive waste must be disposed of in a way that
perpetual care by future generations is not required.
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4.

Calculated "toxicities," used to support the goals stated by the ALMR program, are not
measures of risk. Use of "toxicity" and the assumption that it is a measure of risk have led
to incorrect conclusions of safety benefits from actinide burning.

5.

A direct measure of risk from radionuclides in repository waste is the maximum radiation
dose to future human beings who may be exposed to radionuclides that finally reach the
environment. These doses are being calculated by repository projects in the U.S. and in
other countries as a key part of the environmental and safety analyses for geologic
disposal. A U.S. regulation requires that radiation doses from radioactive waste buried in
a geologic repository be calculated for times far into the future, much longer than 10,000
years. Because of their low solubilities and their sorption in the geologic media, actinides
from spent fuel waste contribute far less radiation dose than do the fission products.

6.

A U.S. federal regulation limits the cumulative release of various radionuclides from a
high-level waste repository to the environment in 10,000 years. Because of the low
actinide solubilities, the cumulative release of actinides from spent fuel waste during
10,000 years is predicted to be far less than allowed by the regulation.

7.

Aqueous reprocessing is the only technology that has a chance of being sufficiently
demonstrated and proved to be deployed as an industrial venture in time to meet the
schedule described by the ALMR program. Even the aqueous reprocessing required for the
ALMR would be a considerable extension beyond present technology. Some of the new
aqueous separations required for the ALMR program are not demonstrated even on a pilotplant scale. Making the ALMR program's proposed schedule with new aqueous processing
to recover all actinides from WR fuel will be very difficult.

8.

Integrated pyrochemical reprocessing may be feasible for reprocessing and recycling metal
fuel discharged from ALMR reactors. It is not sufficiently demonstrated to be considered
for commercial application in the 2005-2012 era. The reprocessing costs are very uncertain.
It will be very difficult for an electric utility, under PUC regulation, to justify a power
plant that includes integrated fuel reprocessing, until years of industrial-scale experience
on fuel reprocessing, under NRC regulation, has been obtained.

9.

The technical feasibility of pyrochemical processing to recover actinides from WR spent
fuel is uncertain. There is not sufficient basis for making meaningful cost estimates for that
Process at this time.

10. Controlling waste streams will be crucial to reprocessing for the ALMR, particularly the
many secondary waste streams of low concentration and high volume. Reprocessing
generates large amounts of alpha-contaminated dilute waste streams that are very
difficult to be further decontaminated or to be immobilized in a safe waste matrix for
geologic disposal. If further decontamination to the very low levels to qualify as low
level waste is not practicable, these wastes would have to be disposed of in deep geologic
repositories. They would have to be concentrated, or they would occupy far larger waste
volumes than the spent fuel or other high-level waste. The potential problem of primary
and secondary wastes from reprocessing has not been sufficiently addressed by the ALMR
program. The cost of disposing of the expected large volumes of decontaminated low-level
waste has not been addressed.
11.

The economic feasibility of implementing actinide burning is sensitive to the cost of reprocessing recycled ALMR fuel, and it is specially sensitive to the cost of reprocessing LWR
fuel. Contemporary reprocessing plants recover only uranium and plutonium, with process
losses far exceeding those desired for the ALMR program. The ALMR program estimates
costs of more complicated aqueous reprocessing of LWR fuel, with recovery of all
transuranic actinides at much higher recovery factors. The estimated costs are very low,
compared with cost trends established several years ago for conventional reprocessing
plants and compared with published costs of contemporary plants using conventional
reprocessing technology.
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12. The yearly charges on capital investment adopted by the ALMR program are
unrealistically low for commercial reprocessing in the U.S. Realistic capital-chaTge rates
can increase the reprocessing costs by factors of two to three. Government ownership of fuel
reprocessing facilities would allow a lower charge on capital investment and could benefit
the economic potential of the ALMR program proposed by DOE. However, there is no
showing that government ownership would result in reprocessing costs low enough to make
the ALMR and its fuel cycle economically competitive.
13. The ALMR program's estimated costs of the ALMR reactors are unrealistically low
compared with the projected cost of the next European large-scale LMR_
14.

Recovering actinides from WR fuel and recycling them in an ALMR breeder reactor builds
up large inventories of actinides in the breeder reactor and fuel cycle. It will take
thousands of years of operation before the actual total inventory of actinides in waste and
in the above-ground fuel cycle is significantly lower than the total inventory of actinides
in repositories without actinide burning. The relative risks have not been analyzed.

15.

A repository designed only to dispose of the low-actinide low-heat-generating ALMR
wastes would not be able to dispose of the large inventories of actinides in the ALMRs and
their fuel cycles, if there were some decision to cancel further generation of nuclear ower.

16. Introducing fuel reprocessing and fast reactors in the US fr burning actinides from LWR
spent fuel would raise the issues of nuclear proliferation and safeguards that caused the
cancellation of US. commercial fuel reprocessing in the 1970s. Those issues must be dealt
with eventually for the successful introduction of a breeder reactor, whenever that occurs,
regardless of actinide burning. Forcing that introduction into the earlier era of repository
design, as proposed by DOE, would introduce proliferation as an additional issue to be
dealt with to obtain the claimed benefits to waste disposal.
17. There are several technical incentives to reprocessing spent fuel rather than burying it
directly in a geologic repository, including:
a waste form that is less reactive in the oxidizing environment of unsaturated rock, and
simple concentrated waste forms of the more soluble long-lived radionuclides carbon-14,
technetium-99, iodine-129, and cesium-135.
These incentives could be realized by reprocessing the LWR fuel, without high-yield
recovery of all the actinides. However, using realistic cost data, the cost of reprocessing
for this purpose i prohibitive. 'Mere is no showing that the waste form from reprocessing
is necessary for the successful performance of a high-level waste repository.
18.

DOE-NE's proposed synergistic waste-management system would involve licensing a
geologic repository that must solve the "100,000-year problem" of the long-lived fission
products, licensing at least two new types of reprocessing facilities, licensing the recycle of
plutonium and other transuranics as fuel for power reactors, licensing new actinide-burning
liquid-metal reactors, and licensing a new facility to store some ALMR wastes for a few
hundred years before they are emplaced in a geologic repository. There is no showing that
this new multitude of licensing issues can be dealt with Mre simply than licensing the
high-level waste repository to contain spent fuel and defense waste. That licensing
process, however complicated and protracted it must be, is already underway by DOE's
high-level-waste project.

19. Reprocessing for the ALMR can result in new types of waste solids different from those
that have been extensively studied for emplacement in the first geologic repository.
Aqueous processing would produce long-lived fission products in borosilicate glass, already
being studied. It would also produce chopped fuel cladding hulls and fittings and
separated cesium, containing long-lived Cs-135, that must be emplaced in a repository.
These waste forms ae not now considered in U.S. repository design. The waste forms from
pyrochemical reprocessing are not known.
8 - 22

20. If the ALMR pogram is to change the waste characteristics and waste loading of the first
geologic repository, as now projected, the technology for reprocessing and waste
solidification must be specified soon, to meet the licensing schedule for the repository
project. Different kinds of waste solids will result from the different ALMR reprocessing
options. Qualifying each waste solid for long-term safety performance in a repository is
technically challenging and demanding.
21.

There is no showing that U.S. utilities could reasonably and prudently select a liquidmetal fast reactor to be in operation by 2005 to 2012, or even within the projected time scale
of the U.S. repository projects. Faced with the challenge of economic choice, reliable
operation, and prudency, utilities can be expected to give priority to new and improved
LWRs, based on the large body of experience from decades of operation. To force the
introduction of ALMRs and their complex fuel cycles according to the schedule proposed by
DOE, an entirely different institutional system for building and operating nuclear power
plants would likely be necessary.

22.

In the U.S., fuel reprocessing to recycle plutonium and uranium in WRs is not economical.
Consequently, burning actinides; recovered from LWR spent fuel would require the introduction of LWR fuel reprocessing only for the purpose of starting ALMR reactors. There would
be no other domestic market for the operation of this facility. Justifying an LWR fuel reprocessing plant in the U.S. for that purpose would require a long-term commitment for the
successive construction of many ALMR power reactors. An entirely different institutional
arrangement for building and operating reprocessing plants for the commercial nuclear fuel
cycle would be necessary.

23. Fuel-cycle costs of ALMRs with actinide burning are greater than fuel-cycle costs of LMRs
of the same era. Therefore, we cannot expect economical ALMRs until an LMR breeder, not
designed to burn minor actinides, can compete economically with an LWR on its on merit.
The currently high and rising cost of reprocessing WR fuel to obtain plutonium to start
LMRs will considerably delay the time when uranium ore costs have risen sufficiently for
the LMR breeder to compete economically by this process. Therefore, the era of economically competitive ALMRs for burning actinides from LWR spent fuel may be far later than
assumed by the ALMR program.
24. The economic potential of the LMR without actinide burning is greater if the LMR can be
started with plutonium from demobilized weapons or from the breeding-gain production by
earlier LMRs. Those future breeders could operate as ALMRs to reduce actinide content in
their own waste, but they would not bum actinicles from WR spent fuel as proposed by the
ALMR program. Actinide recycle to reduce the actinide wastes from future LMRs is likely
to be more economical than actinide recycle to modify waste planned for the present
geological repository projects.
25. It will be extremely difficult to develop sufficient technical support for DOE's schedule of
ALMR implementation and for the economic analyses of ALMRs and reprocessing plants as
now adopted by the ALMR program. If more realistic analyses of costs of WR and ALMR
reprocessing and of ALMR capital cost do not support the present claims, development of
the LMR and its ALMR variation, and development of the associated fuel-cycle
operations, should continue as a long-term effort, consistent with realistic projections of
rising ore cost and need.
26. If the ALMR program were adopted and the first repository were designed and licensed on
the basis of waste to low actinide content and low heat generation, the U.S. repository
program would be committed to operation of ALMRs to modify spent fuel from WRs. The
repository would not be qualified to handle spent fuel. This would foreclose the option to
phase out ALMRs, if they were to prove uneconomical, unless new geologic repositories
were then engineered to dispose of the high-actinide inventory of the ALMRs and their fuel
cycle and to dispose of the waste from replacement reactors, such as spent fuel from LWRs.
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27.

A variation on the ALMR program goals would be to reprocess only the spent fuel
otherwise destined for the second repository. The low-actinide waste from the
reprocessing operations cold then be loaded into the first repository. However, this
proposal would not attain the ALMR program's goal of simplifying the licensing of the
proposed first repository at Yucca Mountain, which would proceed as now towards
licensing for disposal of spent fuel. Assuming successful licensing of the first repository,
the incentives to recover and burn actinides from the spent fuel destined for the second
repository would have diminished. If the ALMR wastes were then stored in the first
repository, the total actinide inventory of the repository would be reduced only about
twofold, far from the thousand-fold reduction which is the goal of the ALMR program.

28. The goals of the LMR project have become distorted not only by unsupported claims of
benefit to waste disposal but also by the seemingly optimistic cost estimates. A careful
and realistic reexamination of the ALMR goals is warranted.
29.

Possible public-perception benefits from the proposed ALMR, program, that w ould recover
and burn actinides from WR fuel now destined for a geologic repository, should be
evaluated by experts on those social issues, utilizing technical information provided by
those expert on the technical issues.

30.

The proposed ALMIZ program would introduce new technical and institutional issues
involving almost every aspect of nuclear power generation, the associated fuel cycles, and
waste disposal. In the present climate of tightening federal funds for DOE's national
laboratories and contractors, it may be difficult for DOE to obtain an objective and
comprehensive evaluation of the technical and economic features and of the institutional
issues of the ALMR concept. It is difficult for the DOE-funded ALMR program to make
meaningful analyses of the economic incentives for industry to commit its risk capital to
such an involved and complicated means of nuclear power generation. The industry that is
expected to invest in ALMR reactors and reprocessing plants, and the industry that must
ultimately bear the responsibility for design, construction, and cost estimating, should be
better represented. An independent evaluation by the National Academies of Science and
Engineering is also recommended.

INTRODUCTION AND BACKGROUND
The U.S. Department of Energy's Office of Nuclear Energy and its contractors designing
liquid-metal fast reactors (LMRs) show renewed interest in using LMRs to reduce the actinide
content of high-level radioactive waste. Based on the work of its principal contractors, the
Argonne National Laboratory and the General Electric Company, and including input from the
Oak Ridge National Laboratory and the Hanford Engineering Development Laboratory, DOE
Ill has recently outlined a synergistic waste-management system involving reprocessing the
spent fuel otherwise destined for a U.S. high-level waste repository and transmuting the
recovered actinides in a fast reactor, as described in earlier. Here we review the principal
technical and economic features of that plan.
Actinide burning is not a new concept, having been extensively studied during the 1970s and
later. At that time it was expected that the U.S. industry would be operating commercial fuel
reprocessing plants to recycle uranium and plutonium in light water reactors. Actinide burning
would require some modification to the fuel reprocessing plants, so that all of the actinides
could be separated with high-yield recoveries and recycled to reactors. Burkholder calculated
the radiation doses to future individuals from radionuclides released from high-level waste
emplaced in a geologic repository 2]. He found no appreciable dose reduction from the removal
of actinides. The long-term risks were dominated by carbon-14 and technetium-99.
In an extensive study at Oak Ridge, CTOff, et al., concluded that there are no cost or safety
incentives for partitioning and transmuting actinides for waste-management purposes 3]. Choi's
detailed calculation of transmutation in an oxide-fueled LMR demonstrated the build-up of
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multiply-recycled actinides in the reactor and fuel cycle 4, 5 6 Those calculations led the
American Physical Society Study Group on Nuclear Fuel Cycles and Waste Management to
conclude 71 that breeding actinide-burning ALMRs, as now proposed by DOE-NE and its
contractors, must be operated for thousands of years before there is appreciable reduction of
total actinide inventory in the fuel cycle and in the high-level waste.
Jourde, et al., have recently completed a CEA study that examined the potential benefits
to waste disposal if commercial fuel reprocessing plants were modified to recover neptunium237 from high4evel waste [8]. The neptunium would be recycled for transmutation. Because of
its long half life of 21 million years, neptunium-237 is frequently found to be a critical actinide
in calculations of long-term radiation doses from a geologic repository for high-level waste 9.
101. Because the long-lived radiation doses are dominated by long-lived fission products, the
CEA study found only a small reduction in radiation dose from neptunium separation. They
concluded that the small dose reduction from the geologic repository would be more than offset
by increased dose to operating staff involved in handling the recycled actinides.
Binney, et al., have presented a concept of using new aqueous reprocessing technology to
segregate actinides and long-lived fission products from spent fuel, to reduce the amount of
waste and to reduce the environmental impact of radioactive waste disposal 111]. The
segregated adionuclides would allow transmutation in ALMRs and LWRs.
The concept of using an accelerator to transmute radionuclides that would otherwise appear in radioactive waste has recently been revived 12]. A fluoride process would be used to
separate radionuclides from high level wasteto be bombarded with neutronsproduced by accelerating protons into a lead-bismuth target. The transmutation products would be of shorter half
life. Geologic or managed storage would be needed for only one to several centuries. The process
is said to generate sufficient electric power for self-sustaining operation for whatever length of
time is needed to reduce the radioactive material to "acceptable levels." The proposers expect
the process to be available by 2005, to transmute waste at one of the DOE sites having large
waste inventories.
Johnson, et al., recently argued that the harder, higher-energy neutron flux of the metalfueled fast reactor improves actinide burning 131. However, we find that the rate of actinide
burning from this harder spectrum is not significantly different from that in the oxide-fueled
LMR studied by Choi 4]. Johnson, et al., also pointed out that the integral pyrochemical process for the metal-fueled reactor is a new development and that it will likely recover 99.9+ of
the uranium, neptunium, plutonium, americium, and curium. That same ecovery was assumed in
the previous studies that found little benefit to actinide partitioning and transmutation, even
assuming availability of demonstrated reprocessing technology. The Argonne National
Laboratory plans to demonstrate those recoveries in laboratory and rototype experiments.
Argonne is also studying new pyrochemical processes for recovering actinides from LWR fuel.
However, whether high recoveries are technically possible is only one of the issues. Here we
are concerned with the status and timeliness of technology and with the technical and economic
feasibility of its industrial deployment as described by the ALMR program. We should ask if
the concept serves a real need and if it is likely to be economical, even assuming that the process
recoveries can be achieved.
In this review we focus on the ALMR concept of actinide burning as proposed by DOE-NE
.
The questions and issues of practicality developed in this review are also applicable to proposed transmutations in light-water reactors and by accelerators.
Principal questions to be addressed were summarized earlier.
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IS TOXICITY A VALID CRITERION FOR WASTE DISPOSAL PERFORMANCE?
The incentives identified by the ALMR program 11,141 for actinide partitioning and recycle
are based in part on estimates of the "toxicity" of LWR waste as a function of time after
disposal. The ALMR Program presents this toxicity as "risk," [151 as shown in Fig. 86. The
toxicity at a given time is the sum of the activities of each adionuclide divided by the annual
intake limits defined by the International Committee on Radiation Protection. Also shown in
Figure I is the calculated toxicity of the uranium ore mined to produce the uranium fuel for the
LWR reactor. Fig. 86 shows that if actinides are removed, the remaining fission-product waste
decays within a few hundred years to a toxicity less than that of the uranium ore.
In using Fig. 86 to state the ALMR incentives, the ALMR program incorrectly assumes that
toxicity is proportional to risk 14, 151. It assumes that radioactive material with the same
toxicity as uranium ore presents an acceptable risk and does not require geologic disposal.
Thereby, it reaches the invalid conclusion that removing the actinides reduces high-level
waste disposal from a 100,000-year problem to a 200/300-year problem."
However, toxicity does not measure risk 17]. It takes no account of actual pathways and
probability of radioactive release to the biosphere. Deep geological disposal is selected to
make it difficult and unlikely for radioactivity to reach the biosphere.
The toxicity of mined Uanium ore is not a valid standard for public health and safety.
The toxicity of mined uranium ore is due mainly to the decay daughters radium-226 and
lead-210. These daughters now reside in above-ground mill tailings, a serious problem of longterm waste disposal because of the proximity of the mill tailings to the biosphere. Over the
long term, the radionuclides can dissolve into surface water and ground water.
For similar reasons, the toxicity of unmined uranium ore is also not a valid standard of
public health. Uranium ores occur near the surface, and the daughter radionuclides can dissolve into groundwater.
Acceptable standards of risk from public exposure to radioactivity have traditionally
been expressed in terms of radiation doses, calculated by taking into account actual releases and
pathways for radioactivity to result in human exposure. That approach is illustrated later in
this review.
Using toxicity curves, and using uranium-ore toxicity as a standard, have led to conclusions
that are incorrect and not consistent with safety analyses of geologic repositories.
Others adopt toxicity per unit volume of material as a measure of risk 7]. This toxicity
per unit volume of high-level waste is compared with the toxicity per unit volume of natural
uranium ore, leading to the proposition that actinide partitioning and burning should reduce
the toxicity per unit volume to that of pitchblende ore or of some lower-grade ore to achieve an
acceptable solution to high-level waste disposal. If one adopts the U.S. carnotite-type
sandstone ores as the reference, actinide reduction factors of over 10,000 would be required, over
tenfold greater than inferred from Fig. 86.
Obviously, neither the toxicity of Fig. 86 nor the toxicity per unit volume is a measure of
risk 71, although the proponents of each claim otherwise. Risks from waste disposal can be
measured in terms of radiation doses from radionuclides that actually reach the environment,
as calculated in waste-disposal safety analyses 2 9 101 and illustrated in the next section of
this review. Burkholder's analyses 21 of radiation doses from a conceptual repository do not
show an appreciable risk benefit from actinide burning.
EFFECT ON HIGH-LEVEL WASTE DISPOSAL
Removing the actinides from waste, and demonstrating that they are sufficiently
removed, would indeed eliminate the need to show that actinides released from a geologic
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repository do not exceed the EPA 10,000 year cumulative-release limit for a geologic repository.
But, there are additional safety criteria that must be met. Safety analyses of geologic repositories include the prediction of radiation doses to future individuals caused by radionuclides
reaching the environment, for time periods of 100,000 years and longer 2 9 101. Current analyses for repositories show that the doses from the fission products technetium-99, iodine-129, and
cesium-135 are among the most significant long-term concerns. Partitioning and transmuting
actinides does not solve that problem. However, reprocessing alone, with partitioning of
technetium, iodine, cesium, and carbon-14, and with borosilicate glass as a waste form for the
remaining fission-product waste, can result in improved retention of radionuclides in a geologic
repository, as discussed later.
Radiation-Dose Risks from Spent Fuel in Geologic Disposal
There is ample information in the published literature to estimate quantitatively the
relative hazards of actinides and long-lived fission products in a geologic repository. A simple
quantitative analysis that indicates relative dose contributions from various radionuclides is
presented here. For a given repository setting, we consider the radiation doses to future
maximally exposed individuals who use contaminated ground water fr drinking and to grow
all their food. For the purpose of this review, the dose contribution Di (in rem/year) from an
individual radionuclide, i, that has reached the biosphere can be approximated by:
D i = M-11 f11 C 1e -). Ki T
Wi

(1)

where
K = inventory of radionuclide, i, in waste solids emplaced in the repository (curies)
fi

= fraction of the radionuclide, i, in the waste solid that dissolves in ground water per unit
time (yr-1)
= a dose conversion factor: average dose rate from species, i, per unit concentration of
species, i in water (rem/year per Ci/m3)
= radioactive decay constant of species, i, (yr-1)

K, = retardation factor for species, i, (dimensionless)
T

= time for ground water to travel from the waste to the biosphere a property of the
repository site (yr)

Wi = the dilution factor, a measure of dilution and dispersion of species, i, after its release
from the waste solid and until it appears in the biosphere (m3/yr).
The retardation factor, Ki, is the ratio of the ground water velocity to the velocity of
chromatographic migration of the contaminant front of species, i. The retardation factor is
unity for a species that does not sorb on the ock, and it increases with the degree of sorption.
To determine risks from a long-term release from a geologic repository, we should solve
Eq. I for each radionuclide. The quantities, Mi and C, can be specified without knowing details
of the repository. The quantity, f, can be calculated from information about the waste package
and the near-field properties of the emplacement rock. However, the water travel time, T, and
the dilution factor, W, involve a complicated analysis of far-field transport,requiringextensive data on the hydrology of the strata through which the species must migrate to reach the
biosphere. The dilution factor, Wi, also depends on the geochemistry and diffusion properties
of the radionuclide species and on the length of time for that species to be released from the
waste.
For the purpose of this study, we are interested in comparing the elative radiation doses
from actinides and from long-lived fission products. Because the most important fission
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products, technetium-99 and iodine-129, have long half lives and little retardation, they will
decay little in their transport to the biosphere. Technetium is the greatest cntributor to longterm dose from fission products. Therefore, the ratio of the radiation dose from a species i to
the dose from technetium is obtained from Eq. :
Di

=

D TC

Mi f i Ci e-24Y-TWi

(2)

M TC f Tc C Tc e ATc KTr T W Tc

We expect KT, to be near unity, because of the usually weak sorption of technetium We
expect water travel times, T, of the order of 10,000 to 100,000 years, so the exponential decay
term for technetiurn in Eq. 2 is near unity. More detailed calculations show that the atio,
Wi/WTc, is approximately unity for the adionuclides and parameters considered herein 161.
Therefore, te dose ratio becomes:
Dj__
D TC

MifiCi

M

-e
T f CC TC

-74 & T

(3)

The ratio, M TcfTCCTC is the dose ratio that would be measured in contaminated gund
water near the waste solids in a repository. It is called the "relative dose index." The
inventories, Mi, are time-dependent, because of radioactive decay. We are here interested in
water-travel times up to a few hundred thousand years after emplacement. Technetium-99 will
have decayed little in this time frame, so its inventory will be near that at emplacement. The
same is true for 17 million-year 1129. Experimental data suggest a constant elease rate for
technetium in ground water from unsaturated tuff, so the product, MTcfTcCTc, will be a constant
for a given repository. Release of uranium, neptunium, plutonium, and americium from waste
solids is controlled by actinide solubilities, resulting in a near-constant poduct, Mfi, for
actinides for the times of interest here 9]. Therefore, it is sufficient here to use inventories
evaluated at 1,000 years after emplacement, near the time when the first waste is expected to
be in contact with ground water.
The results are shown in Table 8.5. The 1,000-year inventories are expressed as activity
per metric ton of spent-fuel waste, derived from data in Ref. 17. Fractional dissolution rates are
obtained from recent calculations for spent fuel in a repository in unsaturated tuff, based on
solubility-limited transport of actinides in ground water and on the release of soluble fission
products by oxidation, dissolution, and precipitation alteration of uranium in spent-fuel waste
118, 19, 201. Solubilities and alteration rates are derived from measurements of spent fuel in
contact with air-saturated water from Nevada tuff. Data for a repository in saturated rock
would result in even lower calculated radiation doses from actinides. Dose conversion factors
are from Refs. 21, 22.
The fractional release rates for Tc-99,1-129, and Cs-135 are based on Lawrence Livermore's
theory of drip flow through a failed waste container, with alteTation-controlled releases
predicted to continue for 4000 years after container failure, until all of these radionuclides are
released from the spent fuel 1181. Even greater fractional release ates of these soluble species
are predicted for other release models.
The dose risk factors in the last column of Table 8.5 indicate the relatively large expected
radiation doses from the three long-lived soluble fission products: technetium-99, iodine-129,
and cesium-135 and the relatively small expected doses from the actinides. Of the atinides,
the dose risk factors of plutonium-239 and 240 are the greatest, although still over two orders
of magnitude below that of technetium.
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Table &5
DOSE RISK FACTOR FOR UNREPROCESSED SPENT ]FUEL
Half
Life
51Lecies

Repository
Inventory

Fractional
Dissolution
Rate

Dose
Conversion
Factor
(rem)(m3
(0) (yr)

Relative
Dose
hdex
Mfci

(years)

wi/Mg2

Fission Products
TC-99
2.12x105
1-129
1.7xI07
Cs-135
3xI06

1.30x101
3.15xlo-2
2.14x10-I

2_5xI0-4
2.5x10-4
2.5xI0-4

2.1x103
3.9x105
1.7x104

1
4.5x10-1
1.3x10-I

Actinides
U-234
U-238
Np-237
Pu-239
Pu-240
Pu-242
Am-243

2.03x100
3.17xl0-1
9.99X10-1
3.05x'102
4.78x102
1.72x10(
1.56x'101

3.6xl0-11
3.6x10-11
1.1X10-10
2.0x1(YII
2.0x`10-11
2.0x`10-11
5.0x10-11

3.7x105
3.6x105
2.6x106
3.8x106
3.8x106
3.5x106
3.8xI06

3.9x10-6
6.Oxl(-7
4.2x10-5
3.4xl(y3
4.9xl(Y3
1.8x10-6
4.300-4

2.47xl()
4.5lx109
2.14x106
2.44x'104
658x103
3.79x'105
7.95x103

Notes:
Repository inventories are for PWR spent fuel, 3,000 MWDIM& at
Fractional dissolution rates are from Refs. 18, 19, 20.
Dose conversion factors are from Refs. 21, 22.

00 yr 17).

Due to the long time for hydrogeologic transport of contaminated ground water to the biosphere, most of the plutonium-239 and 240 and arnericium-243 will decay before reaching the
biosphere. To illustrate, we calculate dose ratios at the biosphere by applying Eq. 2 We
assume a ground-water travel time of only 1,000 years, the minimum required by the Nuclear
Regulatory Commission 231 and orders of magnitude shorter than that estimated for the Yucca
Mountain site 241. The retardation factors of Tc, 1,Cs, U,and Np are those recommended for
radionuclide migration calculations for the tuff site [18, 241. Retardation factors for plutonium
and americium are conservatively assumed to equal those of the other actinides, although
much higher values are reported 20, 24]. The relative doses, corrected for decay in transport,
are shown in Table 86. Decay causes little reduction in the concentrations of technetium-99 and
iodine-129. With these parameters, it takes 30,000 years for plutonium to transport to the environment, so oly about 4%of the plutonium-240 reaches the biosphere without decaying.
Corrections for dilution factors in hydrogeologic transport are more complicated. Dilution
factors become larger for species that are more retarded by sorption, but they also can increase
as the fractional release rate increases. Detailed calculations show that the atio of the
dilution factor for technetium to dilution factors for the other species is near unity for the
parameters used here. Therefore, the relative doses at the biosphere in Table 86 are realistic.
Here the actinide doses for a water travel time of 1,000 years are about three orders of
magnitude below the doses from the soluble fission products.
A more realistic water travel time for the unsaturated tuff site in Nevada may be greater
than 100,000 years 24). The long water travel time, together with sorption retardation, would
provide sufficient decay time to remove all actinides other than neptunium-237, plutonium-242,
and uranium-238, the latter in secular equilibrium with its decay daughters thorium-230,
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uranium-234, Tadium-226, and lead-210. The radiation doses from neptunium-237, the greatest
actinide contributor for this water travel time, would be about five orders of magnitude below
that of technetiurn-99. Doses from the other plutonium isotopes and americium are relatively
insignificant. Current data indicate that the ground-water travel time at Yucca Mountain may
exceed 106 years, leaving only U238 and its daughters as the principal actinide contributors.
Thus, the radiation dose risk from spent-fuel radionuclides that reach the biosphere is
expected to be due predominantly to the long-lived fission products technetium-99 and iodine129, because of their solubility and greater release Tate from the waste solid, their long half
lives, and their weak sorption on rock. Because of their weak sorption, they will appear in the
biosphere many millennia before any of the actinides. Removing all of the actinides from the
waste would, according to this measure, have negligible effect on the radiation dose risk from a
geologic repository.
These dissolution rates of actinides and fission products are based on more recent analyses
and laboratory measurements more detailed than those available at the time of the 1976
Burkholder study on the effect of actinide burning on dose risks 2]. There it was concluded that
no appreciable reduction in long-term dose risks from high-level waste resulted from removing
actinides. Here the actinide dissolution rates are many orders of magnitude lower than those
adopted by Burkholder. It is apparent from these new data that any reduction in waste
disposal risk by removing actinides from the waste will be even smaller and less important
than the small reduction calculated by Burkholder.

Table 86
RELATIVE RADIATION DOSES FOR SPENT FUEL,
CORRECTED FOR DECAY DURING HYDROGENIC TRANSPORT
Relative Dse, Corrected
for Radioactive DecU
(T = 13 yr)
(T=105 yr)

Species

Half Life
(years)

Relative Dose Index
[(M 0 / (M fC)TCl

Fission Products
TC-99
1-129
Cs-135

2.12x105
1.7x107
3x106

1
4.5xlO-l
1.3x10-1

1
4.5xl0-1
1,1X10-1

1
7-6x10-1
1.7x10-7

Actinide
U-234
U-238
Np-237
Pu-239
Pu-240
Pu-242
Am-243

2.47x105
4.5Ixl09
2.14x106
2.44xlO4
6.58x103
3.79x105
7.95x103

3.9x10-6
6-0xl0-7
UAO-5
3.4x10-3
4.9x10-3
1.8x`10-6
4.3x10-4

3-6x10-6
6.0xl0-7
4.2xl0-5
lAxIO-3
2-1x10-4
IA10-5
3-lx10-5

j.0xl0-6
l.0xl0-6
2.6x10-5
5.6x10-40
<10-100
1.2xlO-7
<10-100

Notes:
The relative dose index is from Table 8.5, measured in ground water near the waste.
The relative dose corrected for radioactive decay, assumes water travel times to the biosphere of 103 and 105 years; K values are 16 for Tc, 1 for 1, 610 for Cs, and 30 for the
actinides.
Calculated for U-234 in secular equilibrium with U-238. Eq. 2 is not used.
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Because no decay or dispersion during transport from the waste package to the environment
has been included in the dose risk indices of Table 8.5, these dose risk indices also measure the
relative risks to future people who may inadvertently locate an exploratory borehole that
intersects the repository horizon. Conservatively ignoring the fact that well water could not
easily be withdrawn from the unsaturated rock in which the waste is ernplaced, we assume
that contaminated water near the waste package is withdrawn and used for drinking and for
growing food. Use of contaminated water from a future intrusion well is an important publichealth issue for any geologic repository. Of course, if the exploratory borehole happens to
intersect a waste package and bring radioactive solids to the surface, different dose risk factors
can result. Even then, low solubilities of the actinides would still affect the transport of
actinides into water and into food chains.
The above analysis suggests that if any radionuclides are to be selected for partitioning
and transmutation to lower the risks fromhigh-level waste disposal, technetium-99, iodine-129,
and cesium-135 are the logical candidates. These radionuclides can be transmuted by neutron
capture. For this purpose, the thermal neutron Sectrum Of light-water reactors is more effective than the fast spectrum of LMRs.
Meeting the NRC's detailed requirements for release rates of individual radionuclides
[231, averaged over the repository, is a separate issue, under evaluation by the Yucca Mountain
Project 181.
Cumulative Releases from Spent Fuel
The ALMR program points out that removing the actinides from spent fuel will simplify the
problem of showing that actinides comply with the cumulative-Telease requirements of EPA
[251. Of course, it will still be necessary to show that the actinides are sufficiently removed
from all waste streams. EPA lists the allowable cumulative aount of each radionuclide that
can be released to the "accessible environment" in 10,000 years. Those releases can be expressed
as the allowable fraction of the initial inventory in spent fuel, as shown in Table 87. For each
of these radionuclides the release to the accessible environment can be no greater than the
release from the waste solid. The 10,000-year cumulative release from the waste solid is the
product of the fractional release rate and the time since the waste solid begins dissolving in
ground water. We obtain the cumulative release product shown in Table 87. The values in
Table 87 for actinides are expressed as elemental quantities.
Comparing the last two columns in Table 87, we see that the EPA cumulative-release
requirements for the actinides could be met even at the surface of the waste solid. The
predicted cumulative releases of actinides at the waste surface are so low compared to the limit
in the EPA standard that a large margin of uncertainty in parameters is possible. Similar
results were published in 1986 261. Even a larger margin will be shown if delays in transport to
the accessible environment are taken into account, as discussed above. The most vital
parameters in this calculation are the actinide solubilities, properties that have been studied
extensively [18, 27, 28, 29, 301. Actinide colloids could increase these release fractions, although
the low diffusion coefficients of colloids and their trapping in rock pores and on surfaces may
impede their transport to the accessible environment 9].
These calculations indicate that technetium is more important than the actinides in
determining compliance with EPA's cumulative-release requirement.
THE ABOVE-GROUND INVENTORY OF ACTINIDES
If plutonium and n-dnor actinides (neptunium americium, curiurn) are recovered from LWR
fuel and used to start ALMRs, as in the GE design, the total inventory of transuranic nuclides in
the reactors and fuel cycle will grow with time. Hebel, et al., point out that for a very long
time the potential toxicity of this fuel cycle inventory is comparable to that of the WR fuel if

8 - 32

Table 87
CUMULATIVE RELEASES FROM SPENT FUEL IN 10,000 YEARS

Species
Fission Products
TC-99
1-129
Cs-135
Actinides
U
Np
PU
Am

Inventory in
Spent Fuel
(C / mg)

EPA Allowable Cumulative
Release in 10,000 Years
Allowable
(C / M9)
Release Fraction

1-3NIO,
3.15xlO-2
3A5xl0-1

10
0.10
1.0

2.34
1.00
7.84x102
9.09xj(2

0.10
0.10
0.10
0.10

Predicted
Release Fradm

0.77
1
I

1

4.3xlO-2
1.0xio-1
1.3x10-4
1.1X10-3

3.2x10-7
9.gxl(-7
1.8xl(-7
4.5x10-7

*
1*

Notes:
EPA allowable cumulative release in 10,000 years is taken as 10,000 years after waste
emplacement.
For the actinides, the predicted cumulative release is the product of the fractional release
rate, from Table 8.5, and 9000 years, the time after container failure. All of the Tc-99,
1-129, and Cs-135 is predicted to be released during the 9000 years after container failure.
Inventories in spent fuel calculated at 1,000 years after emplacement 17]. Actinide
inventories are elemental inventories.
* Fraction of the 1,000-year inventory allowed to be released in 10,000 years. All of the
1-129 and Cs-135 can be released.
the latter were treated as a waste 4
factor V, defined as

Choi calculated 41 an actinide-inventory reduction

time-dependent inventory of transuranic actinides in accumulated
unreprocessed spent fuel, without actinide burning
time-dependent inventory of transuranic actinides in the actinideburning reactor and its fuel cycle and in the high-level waste from
reprocessing WR fuel and ALMR fuel
His results, for an assumed constant power of reactors and for an assumed fraction 0.00 of
the transuranics lost to the waste in each reprocessing cycle, are shown in Fig. 87.
Two important results emerge. First, there is negligible reduction in total transuranics at
early time because the transuranics recovered by reprocessing waste appear in the reactor and
fuel cycle. For a process loss fraction of 0.001 a significant reduction in total transuranic
inventory does not occur until about 10,000 years, for the parameters used in this calculation Of
course, during 10,000 years the early ALMRs will have been retired and replacements built. It
is assumed that the inventories in the reactor and fuel cycle of a retiring ALMR will be
transferred to replacement ALMRs.
Second, the asymptotic reduction factor is less than the reciprocal of the loss faction,
because the concentrations of transuranics build up in the eactor and fuel cycle as recycling,
actinide burning, and breeding proceed. Therefore, for a given process loss the actual quantity
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105

lost to the waste in each reprocessing cycle increases. Thus, the overall reduction factor of 1,000
for transuranics in waste, claimed in the recent ALMR publications, will not result for a process
loss of 0.001.
Hebel, et al., point out that it is the prospect that fission power may discontinue at some
time during such a long period of ALMR operation that argues for treating the actinide
inventory in the reactor and fuel cycle as a potential waste 7]. We must allow for that
possibility, because we have no way of knowing the criteria, constraints, and alternatives that
may dictate the choice of power systems even during the next century.
Also, as in the case of the toxicity curves discussed earlier, the transuranic reduction factor
of Fig. 87 is not a measure of the extent to which risk to the public is reduced by actinide
burning. As discussed earlier, the risk from transuranics buried in geological repositories may be
relatively small. A larger risk could be expected from transuranics that remain in the aboveground fuel cycle.
This does not argue against building breeder reactors that must operate on plutonium
recycle. Such reactors will be needed in the future when depletion of uranium resources requires
a breeder that is not sensitive to the cost of natural uranium. However, when that era is
reached, the consequences of transuranic build up in the breeder reactors and their fuel cycles
must be addressed, whether operated with or without recovery of minor actinides. This is one
of the reasons that the licensing issues of constructing reactors for actinide burning, beginning
operation in 2005, include far more than the possible reduction in licensing problems of a highlevel waste repository.

REDUCING HEAT GENERATION IN HIGH-LEVEL WASTE
The ALMR program argues that eprocessing and actinide burning would allow a greater
total loading of waste in a geologic repository and, as a result, would make it possible for the
first U.S. repository to receive also the waste otherwise destined
r the second repository.
Removing the actinides from the high-level waste would indeed result in a far lower rate of
heat generation after the first few hundreds of years of high heat generation from the shortlived fission products. The high-level waste from reprocessing LWR spent fuel and ALMR
recycle fuel could be kept in near-surface retrievable storage for a few hundred years. The
waste would then be loaded into a geologic repository. Because of the low heat-generation
rate, waste packages could be located nearer to each other than in current repository designs.
This would result in a greater waste loading in a repository of fixed area, i.e., a greater areal
loading. However, for several hundred years there would be no commercial high-level waste
to go into the presently planned repository in Yucca Mountain, other than the relatively small
amount of borosiIicate-glass waste from the former West Valley reprocessing plant.
The alternative proposed by the ALMR program would be to separate the heat-generating
cesium and strontium from the reprocessing waste and store it for several hundred years until
Sr-90 and Cs-137 have decayed. 'Me remaining high-level waste would be emplaced in the
first geologic repository soon after reprocessing. he separated cesium would eventually have
to be emplaced in a geologic repository, because of the 3-million-year Cs-135, one of the most
serious long-lived fission products, as shown in Table 8.5.
The ALMR program's argument that reducing heat generation could increase waste loading
in a repository is valid, but no calculations of actual benefits to repository design have been
presented.
Waste of low heat generation may not be desirable for a repository in unsaturated tuff.
The current repository design takes advantage of heat-generating waste to keep the waste
containers and nearby rock above the boiling temperature of water for over a thousand years.
This is to prevent liquid water fom contacting the waste container and causing corrosion until
well beyond the 1,000-year containment equirement of NRC. Utilizing decay heat in this way
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is feasible only in an unsaturated-rock repository. A different technique would be required to
protect the containers of wastes proposed from actinide recycle, if there were insufficient heat
generation to reach the boiling temperature.
A greater areal loading of waste would result in larger concentrations of radionuclides in
ground water after long-term transport to the biosphere. The dose to a future individual who is
exposed to con tami na ted grou nd wa ter from the reposi tory would be greater.
If greater areal loading were important, it could be accomplished with heat-generating
waste by tiered loading of the waste in more than one repository horizon. However, it is not
clear that greater areal loading would be needed to dispose of greater quantities of waste at
Yucca Mountain, the proposed site of the first repository. About million square meters area
are required for the 62,000 Mg of spent fuel and 10,000 Mg of defense waste planned for Yucca
Mountain. This is only about 58% of the total planned area. The current 70,000 Mg limitation
on waste loading at Yucca Mountain was not established from any technical limitation of the
site. Aside from possible policy and legal limitations on the loading in the first repository, it
seems that a much larger loading would be possible without reprocessing and actinide burning.
There has been no showing that those policy and legal limitations would be affected by
actinide burning and recycle.
POTENTIAL ADVANTAGES OF WASTE FROM FUEL REPROCESSING
Although not mentioned in ALMR program documents, solid wastes from reprocessing have
potentially better performance in a geologic repository than unreprocessed spent fuel,
particularly in a repository in unsaturated rock 321. These advantages remain whether the
reprocessing is with conventional technology or with the proposed new technology that would
recover and recycle 99.9+% of all actinides.
Borosilicate-Glass Waste From Reprocessing
In a repository in saturated ock, where reducing conditions are likely, mass-transfer
theory predicts that the release rate of most radionuclides from spent fuel will be less than
from borosilicate-glass reprocessing waste. Under reducing conditions the solubility of uranium
in the spent-fuel matrix is low. Technetium and other soluble species in the matrix are released
congruently with the low net dissolution rate of the uranium matrix or with the rate of
radiolytically induced oxidation, dissolution, and precipitation of uranium.
However, an oxidizing environment, as in unsaturated rock, can cause alteration of the
uranium by oxidation, dissolution, and precipitation, even in the absence of radiolysis. The
uranium alteration can release soluble constituents, such as technetium, to water at a rate far
greater than that congruent with the net dissolution of uranium [18, 271 a major issue for the
proposed U.S. repository in unsaturated rock. Release by uranium alteration is the reason for
the relatively high fractional dissolution rate of the soluble fission products listed in Table
8.5. Technetium and cesium in borosilicate glass can be released by restructuring of glass to less
reactive forms, but the restructuring rate is much lower than for spent fuel 20, 32].
Also, small fractions of the fission products cesium, iodine, and technetium are present in
the fuel-cladding gap, fuel plenum, and in grain boundaries of spent fuel and can be released
rapidly when contacted with water. There is no similar problem with borosilicate glass.
Consequently, waste from reprocessing can be an advantage for a repository in unsaturated
rock.
As illustrated in Table 8.5 for spent fuel, the actinides in spent fuel or in conventional
reprocessing waste may not be a serious problem to the long-term performance of a repository.
Their solubilities are all sufficiently low to result in fractional release rates that are much
lower than the fractional release rates of soluble fission products in an unsatUTated-rock
reposi tory 19, 10, 18, 20, 27, 28, 29, 301.
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Iodine-129
In conventional reprocessing radioiodine must be separately recovered. We have shown
that the iodine recovered from all the accumulated spent fuel can be incorporated as silver
iodide into a single waste package and buried in a geologic repository 9]. The small surface
area results in a predicted fractional release rate of about 10-10/yr, far lower than would result
from spent fuel.

Carbon-14
Similarly, carbon-14 may ultimately have to be recovered in fuel reprocessing. The entire
inventory of recovered carbon-14 can be incorporated as calcium carbonate into a single waste
package. The predicted fractional release rate in a repository is less than 10-6/yr, much
smaller than what we predict for carbon-14 from spent fuel buried in unsaturated rock 9).

Cesium-135
Fission-product cesium has been separated from alkaline Hanford waste. To accomplish
the ALMR program objectives, a new process must be developed to separate cesium from the
PUREX acidic waste streams or from pyrochemical reprocessing waste. Incorporating the cesium
into a low-solubility waste solid of pollucite can reduce the long-term doses from cesium-135.

Technetium-99
Developing a new separation that partitions the technetium. into a separated product
would also benefit high-level waste disposal. All of the recovered technetium could be
incorporated into a single waste package for emplacement in a repository. The low surface area
and a suitably low leach rate can result in a low fractional elease rate of technetium into
ground water.

Summary
These separated wastes of long-lived fission products and carbon-14 directly address some
of the difficult long-term safety problems of a high-level waste repository in unsaturated rock.
However, reprocessing only for the purpose of obtaining a different waste form for an
unsaturated-rock repository would be expensive. It would add about $80 billion to the cost of a
repository, if carried out with an industrially financed eprocessing plant, or about half that if
the reprocessing plant were federally owned and financed. However, there is no showing that
any of these reprocessing options is necessary for the successful performance of a repository in
unsaturated rock.

THE TECHNOLOGY AND COST OF REPROCESSING AND TRANSMUTATION
A major contributor to the fuel-cycle cost of an ALMR to bum actinides from WR spent fuel
is from fuel reprocessing, not only from reprocessing the LWR fuel to recover the transuranic
actinides but also from the multiple reprocessing required to expose these LWIZ actinides to
many irradiation cycles until they are sufficiently transmuted by fission.
To meet the ALMR program's projection of commercial actinide-buming ALMRs first operating in the period 2005 to 2012, the electric-utility industry and the chemical industry must
commit to detailed design, financing, licensing, and construction of a new ALMR power plant
and of reprocessing plants far in advance of the first ALMIZ operation. To furnish actinides for
ALMIZ startup, the new reprocessing plant for high yield recovery of all actinides from LWR
spent fuel would have to begin operation as early as nine years in advance of the first commercial ALMR, if designed to reprocess 300 Mg/yr and assuming one year for ALMR fuel fabrication.
For the 2500 Mg/yr reprocessing plant preferred by the ALMR program, reprocessing time would
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be reduced to one year. A plant of that capacity would be able to supply the start-up actinides
for the annual introduction of one 14 We ALMR, as proposed by the ALMR program. Costs of
plants of these two alternate capacities for LWR fuel reprocessing ae estimated by the ALMR
programThis early deployment of high-yield LWR fuel reprocessing would require wellestablished technology for all of these new facilities and operations, and there must be a wellestablished basis for industry to commit risk financing of the full-scale ALMR power plant and
the new reprocessing plants.
The ALMR power plant, the new reprocessing plant to recover all actinides from WR fuel,
and the new reprocessing plant to reprocess and recycle ALMR fuel will all involve some new
techniques that have not yet been proved or even demonstrated on a pilot-plant scale. New
separations are involved, with recovery factors far greater than experienced in contemporary
industrial reprocessing of nuclear fuels. Controlling waste streams will be crucial to successful
operation, particularly the many secondary waste streams of low concentration and high
volume. The ALMR project plans to decontaminate the large volumes of secondary waste so
that the actinide and fission-product contents are low enough to qualify those wastes for surface
disposal as low-level waste. Low-level waste volumes of the order of 103 to
greater than
the volume of high-level waste are estimated [111. More importantly, reprocessing typically
generates large amounts of alpha-contaminated dilute waste streams that are very difficult to
be further decontaminated or to be immobilized in a safe waste matrix for geologic disposal. If
further decontamination and concentration is not practicable, these wastes would have to be
disposed of in deep geologic repositories. They could OCCUPY far larger waste volumes than the
spent fuel or other high-level waste. Such wastes are usually subject to far greater fractional
release rates in a geologic environment than for concentrated high-level waste.
The greatest uncertainties of feasibility and cost of the ALMR system appear to be in
reprocessing where the ALMR program's projected unit costs are, in some instances, more than
an order of magnitude lower than contemporary costs of similar but simpler processes. Both
aqueous and pyrochernical reprocessing technologies are being explored. Only aqueous
reprocessing, which relies in part on well-established reprocessing technology, has any chance
of being established in time for the ALMR program's ambitious schedule. The status and
possible cost of aqueous reprocessing are reviewed here. The issues discussed herein would also
apply to the pyrochemical separations, when the pyrochernical process design and plant design
have proceeded sufficiently to yield a reliable basis for cost estimates.
PUREX-TRUEX Reprocessing of LWR Fuel
Conventional aqueous fuel reprocessing has been implemented in this country in a commercial plant, no longer operafing, and in defense production plants. 'Mat same processing technology is now practiced on an industrial commercial scale in France and Britain, and plans for a
new commercial plant are underway in Japan. Conventional reprocessing ecovers only uanium
and plutonium, with process-loss factions 161 of about 01. To accomplish the ALMR objectives,
neptunium americium, and curium must also be recovered and the process-loss fractions of all
actinides must be reduced to less than 0.001. Also, the fission products strontium and cesium
must be separated. Secondary wastes must be highly decontaminated to meet the Citeria for
low-level waste or concentrated and immobilized for disposal in a repository.
Binney, et alsummarize the principal unknowns and areas where development is required
before the PUREX-TRUEX process is ready for deployment as a well-demonstrated industrial
process 1111. The more significant technical issues elated to the ALMR program objectives are:
• Applicability of TRUEX to high-level waste solutions from fuel reprocessing.
• Decontamination of solid wastes for disposal as low-level waste.
• Separation of lanthanides from the actinides.
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• Disposal of low-level liquid waste.
• Removal and Purification of radiostrontium and radiocesium from acidic high-level
waste.
•

Disposal of cladding hulls and fuel assembly hardware.

There are many additional technical issues related to fabrication of fuel
reactors.

fr

the ALMR

A conceptual design and cost analysis of a plant for high-yield recovery of actinides, based
on an extension of aqueous processing technology, was made by E.I. duPont deNemours for ERDA
over fifteen years ago 7]. The reprocessing cost with high recovery of all actinides was considerably above duPont's estimate of the cost of a commercial plant for conventional reprocessing.
There is considerable uncertainty in contemporary estimates of costs of a fuel cycle that
requires only conventional fuel reprocessing. That uncertainty is exacerbated when the reprocessing must involve separations that have not been proved, have not been performed on an
industrial scale, and have not been subjected to licensing. If there are large uncertainties in the
current cost of conventional reprocessing, it is reasonable to expect that cost of the new reprocessing technologies demanded by the ALMRs, whether a modification of the well-proved aqueous
technologies or implementation of new pyrochemical reprocessing, will be subject to even
greater uncertainties. As shown in the next section, many of the large variations in the cost of
conventional reprocessing will necessarily be present in whatever reprocessing technology is
adopted.
Yearly Charges on Capital Investment
Even though three U.S. commercial fuel reprocessing plants were constructed by the mid
1970s, with only one operated, the U.S. experience in commercial fuel reprocessing does not
provide a sound basis for predicting commercial reprocessing cost. Among the key parameters
are the yearly charge on capital investment, the allowable percent debt in financing, and
interest during construction. To illustrate, we present earlier estimates of reprocessing cost. All
costs presented herein are translated to 1990 dollars, using DOE escalation factors.
Estimates made in 1976 of the unit cost of a given commercial reprocessing plant varied
from $147/kg U if the plant is government owned to $500/kg for an industrial plant that
charges 22%/yr on capital investment 7, 41. The 22%/yr was considered representative of a
commercial low-risk venture in heavy chemicals. From 1976 data on the costs of the
reprocessing plant at Barnwell, S.C., constructed for Allied-General Nuclear Services, Hebei, et
aL, concluded 71 that the yearly charge on capital investment used for that plant was 31%/yr.
The Barnwell plant was completed but not allowed to operate because of changing national
policy, and it was faced with expensive additional construction because of changing regulatory
requirements. This experience ld the owner to abandon the plant and to conclude that any
future U.S. commercial venture in reprocessing must be viewed as a high-risk venture, with
yearly charges on capital investment of 40%/yr or more, typical of an industrial chemical
venture of high risk or short-term payoff.
When financing electric generating stations, utilities can use a higher proportion of debt
financing than can low-risk industrial financing, resulting in a capital-charge rate of about

The industry frequently expresses such cost as dollars per kilogram of "heavy metal' in the
fuel discharged from a reactor. One kilogram of 'heavy metal" results from one kilogram of
uranium in LWR make-up fuel. The actual mass in the discharge fuel is a few percent less.
When reprocessing fuel discharged from a reactor fueled with uranium and recycled transuranics, such as an ALMR, the mass of total actinides in the reactor make up-fuel is the basis for
quoting the aount of 'heavy metal."
8 - 39

16%/yr." Federal government high-debt financing results in a capital-charge rate of about
10%/yr. DOE instructs its ALMR design contractors to use 16%/yr, loosely referred to as "utility
financing." Even if a U.S. electric utility were to construct and finance a commercial
reprocessing plant, the utility could hardly be expected to adopt the same yearly charges on
capital investment as it does for prudent investment in regulated, proved, electric-generating
facilities. Therefore, even if the ALMR program's cost estimates were to have correct costs of
plant construction, the unit reprocessing costs may be low by a factor of two or more, because they
do not take into account uncertainties and the full cost of industrial financing.

Capital and Unit Costs of Conventional Aqueous Reprocessin
U.S. Reprocessing Activities in the 1970s. The Barnwell reprocessing plant, with a
throughput of 1,500 Mg/yr was constructed for a cost of $500 million 71, in 1990 dollars. After
completion, the owners learned that additional construction would be required to convert the
aqueous plutonium nitrate product to solid plutonium oxide and to add solidification of highlevel waste. The estimated cost of the completed plant was 1.2 billion, corresponding to a cost
of $0.80 for a unit throughput of one gram per year. To illustrate the great uncertainties in
estimating the cost of a reprocessing plant, even when the plant is in detailed design, Bechtel
originally estimated 60 million 1975 dollars) for the cost of the Barnwell plant, about
fourfold less than the actual cost of constructing the plant as then designed and constructed.
In 1980 the International Energy Associates Limited OEAQ 35, 361 studied the potential
uses of the Barnwell plant. They concluded that the facility could probably be completed,
licensed, and operating in about 10 years. Their 1980 estimates of the cost for constructing the
additional required facilities ranged from $580 million to 950 million, in 1980 dollars. Using
DOE escalation factors to correct to 1990 dollars, the total cost of the Barnwell facility,
including the escalated original cost, would have been between 1.3 billion and $1.8 billion, in
1990 dollars, corresponding to a cost per unit of throughput of 0.87 to 1.2 per gram per year.
Bechtel also designed and cost estimated the 2100 Mglyr commercial reprocessingplant
planned in 1977 by the Exxon Corporation. The plant was expected to cost about 2.1 billion,
expressed here in 1990 dollars 71, corresponding to a cost per unit throughput of $1 per g/yr.
Financed at 25%/yr, the cost per unit of product would be $250/kg.
The commercial reprocessing plant designed in 1976 by E.I. duPont deNemours for an
ERDA-sponsored economic study was estimated to cost 2.8 billion, in 1990 dollars, with a
throughput of 1500 Mg/yr, corresponding to a cost per unit of throughput of 1.9 per g/yr If
financed at 25%/yr, the cost per unit of product would be $470/kg U.
The Exxon commercial reprocessing plant, designed over fifteen years ago by Bechtel but
not built, is the last U.S. commercial reprocessing plant designed to sufficient detail to justify
reliable cost data for that era. The U.S. experience ad capability for design and reliable cost
estimating of industrial scale fuel reprocessing plants was then largely vested in the duPont
company and in Bechtel, duPont having designed, built, and operated defense reprocessing
" The value of 16%/yr for fixed charge rate on capital investment is the "nominal fixed-charge
rate" used by the ALME program 1431 for utility financing and for industrially financed fuel
reprocessing plants. It is the percentage of a given capital charge that must be paid yearly in
real dollars for debt service and arnortizationweighted by the present worth of each future
payment, using a discount factor of 9.57%/yr. Yearly charges on capital investment can also be
expressed as yearly payments in constant dollars, weighted by present worth and also adjusted
for inflation. The corresponding constant-dollar fixed-charge rate fr Utility financing, assuming an inflation rate of 5%/yr, is calculated 431 to be 9.4%/Yr. Either the nominal fixed-charge
rate or the constant-dollar fixed-charge rate can be used, providing it is used consistently. The
nominal fixed-chaTge rate is adopted for this report, to be consistent with analyses presented in
earlier reports.
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plants at Hanford and Savannah River, and Bechtel having designed and built Barnwell and
having designed the Exxon plant. Now, over a decade later, with little or no U.S. activity in
design of industrial scale fuel reprocessing plants, that U.S. capability has seriously eroded.
We must look to recent foreign experience for guidance on costs.
Correlation of Reprocessing Plant Cost by Wolfe and ludson. In 1983 Wolfe and Judson 371
indicated that reprocessing-reb-brication costs of WR fuel were then approaching $1000/kg U,
in 1982 dollars, equivalent to $1,300/kg in 1990 dollars.' They showed about a two-fold
variation in estimates of reprocessing costs, in constant dollars. More importantly, they showed
a major trend of reprocessing plant capital costs increasing markedly with time of design or time
of construction, over and above the effect of normal escalation and inflation, with estimated
costs doubling in less than four years. Their data, corrected to 1990 dollars, are shown in Fig. 8-8.
Similar tends are well known for the costs of new nuclear plants, reflecting new regulatory
requirements and more stringent construction and material requirements.
Thus, Fig. 8-8 indicates that a reprocessing plant, such as Barnwell, constructed in 1976,
would be expected to cost far more, even on a constant dollar basis, if redesigned and constructed
today. The constant-dollar cost of a reprocessing plant for which there was a detailed design
and cost estimate in 1976 would be expected to be far less than the constant-dollar cost of that
same plant if redesigned to today's regulatory and construction standards.
A year after the Wolfe and Judson correlation had appeared in two publications, DOE
published its 1984 Nuclear Energy Cost Data Base 38]. hose 198.4 costs, now escalated to 1990
dollars, were $470/kg as a reference cost, with a range of $240/kg to $730/kg. DOE's reference
cost is almost threefold lower than the value concluded by Wolfe and Judson in their 1983
correlation.
Next we compare recent costs of constructing reprocessing plants with the Wolfe-Judson
correlation.
Conterripgrary Costs of Reprocessin . Experience with recent foreign construction of fuel
reprocessing facilities indicates continued uncertainty in cost of conventional reprocessin as
well as continued increase in the constant-dollar cost of new construction. Examples are shown
in Table 8.8. Details of financing and interest during construction are not available. There is a
two-fold variation in cost per unit of throughput among the three contemporary projects in
France, UK, and Japan. Assuming those costs might be applicable to U.S. construction, we adopt
industrial financing at 25%/yr to illustrate the possible unit pocessing costs in the U.S. Costs
of operation and maintenance are not included.
Reported recent contract prices for French reprocessing are in the neighborhood of $700800/kg U, in current dollars. This could reflect a lower capital-charge rate than that assumed
in Table 8.8. For example, assuming a capital-charge tate of 10%/yr results in an estimated cost
of about $500/kg for the French plants, which are government owned. Therefore, the French
contract prices are not necessarily inconsistent with a much higher unit cost for the same plant
if constructed in the U.S., with. U.S. industrial financing.
If even the cost of contemporary reprocessing without high-recovery actinide partitioning, is used as an optimistic estimate of the cost of the LWR reprocessing step in the ALMR

' Wolfe and Judson 37] do not quote the value of the capital-charge rate used in their calculations of the unit cost of reprocessing. However, their data appear to be consistent with a value
of 22-25%/yr a typical nominal fixed-charge rate on capital investment for industrial chemical low-risk financing. If their correlation is intended to present unit costs using the lower constant-dollar fixed-charge rate, as favored by some in the ALMR program 1431, the data in Fig.
8-8 should be adjusted upward t Cpare
with other data calculated herein for nominal fixedcharge rate of 25%/yr.
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FIGURE 8-8: Cost of Reprocessing LWR Fuel, Wolfe and Judson (1983)
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Table 8.8
CAPrrAL COST OF CONTEMPORARY FUEL REPROCESSING PLANTS

Plant
France, UP-2/3
UK, Thorp
Japan, JNFS

Throughput
(MS/yj)

Capital Cost
($ billion)

Capital Cost per
Unit throughput
($12er g/yj)

Unit Cost of
Reprocessing
($/kg U)

2 x 800
1,200
800

8.8
4.6
5.8

5.5
3.8
7.2

1,400
970
1,8ffl

Notes:
French-plant data are from Ref. 40; UK-plant data are from Ref. 41, escalated to 1"O
dollars. Japanese-plant data are from Ref. 42. Capital charge rate is 25%/yr, low-risk
industrial financing. Operating costs are not included.
program, there is large uncertainty in the reprocessing cost. The large variations in the cost of
even conventional aqueous reprocessing caution care before accepting cost estimates of new reprocessing technologies.
Figure 89 shows the costs of contemporary reprocessing as an extension of the Wolfe and
Judson correlation. All costs are corrected to 1990 dollars, and U.S. industrial financing at
25%/yr is assumed. It appears that the trend established by Wolfe and Judson in 1983
continues.
The Cost of Reprocessing LWR Fuel for ALMR Start:lip-. if reprocessing spent fuel for
high-Tecovery actinide extraction costs no more than the current costs for lower-yield recovery
from conventional reprocessing we can estimate the financial consequences of WR fuel reprocessing to obtain start-up actinides for the ALMRs. A kilogram of LWR spent fuel contains
about 83 grams of transuranics, most of which is plutonium. Adopting $1,400/kg U for
reprocessing, ignoring the additional costs for operation, high-recovery separation, and for
high-risk financing, and discounting the relatively small value of the recovered uranium, the
cost of the recovered plutonium and minor actinides is about $170/gram A 40OMWe ALMR of
the PRISM design would require about 17,000 kg of plutonium for start-up and a few reloads 11,
43], until bred actinides are recycled.
Thus, the cost of reprocessing to start the ALMR would be about 29 billion, comparable to
exceeding DOE's estimated capital cost of the ALMR. The cost is incurred before or near
reactor start-up, so it can be treated as part of the capital cost of the ALMR. The cost of
advance financing is not included. Assuming that a utility can finance an ALMR as a low-risk
regulated power producer, at 16%/yr, the cost of start-up plutonium would be about 2.9 billion.
Assuming that a utility can finance an ALMR as a low-risk regulated power producer at
16%/yr, and assuming 70% capacity factor, the cost of start-up plutonium would add about 54
mill/kWh to the cost of electrical energy from the ALMR.
Or

With such a large cost of start-up plutonium from LWR fuel, the ALMRs could not be
competitive with LWRs for electric power generation until a much later era, when the price of
uranium ore will have risen significantly above the present ore price or above the price of ore
expected during the first half of the next century 441. Clearly, in planning ALMRs to start in
2005, DOE must be expecting that the industry can carry out high-recovery processing of LWR
spent fuel at a cost far lower than the current commercial reprocessing costs.
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FIGURE 89:

Cost of Reprocessing LWR Fuel, Including Contemporary Costs

Estimated Cost of ALMR Aqueous Rel2rocessin
Salerno, et al. 331 and Thompson 431 estimate fuel cycle costs for ALMRs with various fuel
cycles. They consider a 14 GWe oxide-fuel ALMR with its own aqueous reprocessing plant. The
plant is designed to reprocess LWR spent fuel, using conventional PUREX aqueous technology 61,
with newer TRUEX separations for high recovery of all transuranic elements [1]. After
operating for about eight years, at an LWIZ fuel throughput of 300 Mg/yr, to recover enough
actinides for ALMR start-up, the plant would be operated at the lower throughput of 24 Mg/yr
to process the core and blanket fuel discharged from the ALMR, for further recycle. Using data
from Westinghouse Hanford and Oak Ridge National Laboratory, the ALMR program's
estimated total capital cost of the reprocessing plant, when configured to reprocess WR. fuel, is
$187 million, in 1987 dollars. The cost per unit throughput is 0.62 per g/yr, almost nine-fold
lower than for the recent French plants, as shown in Fig. 8-10. The very low capital cost is
difficult to understand. Because of the small throughput of only 300 Mg/yr, and because of the
additional high-yield transuranic separations, we would expect a cost per unit throughput
greater than that of contemporary PUREX reprocessing.
Salerno, et al. 331 and Thompson 43] also consider a larger central plant to reprocess LWR
spent fuel for eight ALMRs, with a throughput of 2500 Mg/yr. The estimated capital cost of
the modified PUREX-TRUEX plant is 3.5 billion. Te cost per unit throughput of 1.4 per g/yr
is over twice that of their estimate for the smaller 300 Mg/yr plant. This greater economy at
small throughput has not been heretofore experienced in reprocessing plant design. The unit
cost of the large-scale ALMR plant is about four-fold lower than the cost of the French plant in
Table 8.8, even though the French plant is not designed for high-yield recovery of all actinides.
In tracing the basis for the ALMR program's cost estimate of the 2500 Mg/yr reprocessing
plant, we find that 90% of the plant cost was estimated to be due to the PUREX portion of the
plant. In estimating the capital cost of the PUREX portion, ORNL f3, 451 reported a range of
estimated plant costs, scaled to 2500 Mg/yr. The lowest value of that range was adopted by the
ALMR program.
To estimate the PUREX plant cost, ORNL relied on a 1983 estimate made for EPRI by the
Exxon Nuclear Corporation 461. In making that estimate, Exxon relied on the 1976 detailed
design and cost estimate done for them by Bechtel. Exxon corrected for escalation and applied a
scaling law for different throughput. No corrections were made for new regulatory requirements
and increased constant-dollar construction costs, the cost increases demonstrated by the correlation of Fig. 89. In adopting Exxon's 1983 estimate, ORNL again corrected for escalation and
applied its assumed scaling law for a new throughput. No corrections were made for new regulatory requirements and increased constant-dollar construction costs. Implicitly, the ALMR
program assumes that a reprocessing plant designed and built today would cost the same, in
constant dollars, as estimated from Bechtel's detailed design in 1976. The important tend of
real costs, established by Wolfe and Judson 371 in 1983, was ignored.
For this reason, in Fig. 8-1 0 we show the ALMR program'sestimated Cst fr the 2500 Mg/yr
reprocessing plant as belonging to 1976, the date of the engineering design and engineering cost
estimate for that plant. We also show the range of uncertainty estimated by ORNL. There is
no reason to believe that the actual cost of that plant, in constant dollars, would not follow the
trend established by Wolfe and Judson, as indicated by the shaded region progressing upwards
and to later years from the 1976 date.
Similarly, Binney, et al., in their 1990 report on reprocessing and transmutation V1 , adopt
a cost of reprocessing LWR spent fuel based on a 1980 cost data in a eport by the International
Atomic Energy Agency (IAEA) 391. They relied only on cost analyses made before the apidly
rising constant-dollar costs of reprocessing and before the publication of the recent cost of reprocessing plants in France and in the UK.
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We conclude that there are very large uncertainties in the reprocessing cost data used by
the ALMR program. The estimates used are certain to be very optin-dstic for aqueous reprocessing and likely to be optimistic for any other kind of reprocessing. Recognizing the realities of
contemporary reprocessing cost, the very feasibility of economical application of the ALMR
concept to recover and recycle actinides from LWR spent fuel is at stake.
Estimated Cost of ALMR 4rochemical Reproces"n
Salerno, et al 331 and Thompson 431 present estimates of the cost of perfonning all ALMR.
by nonaqueous techniques now being explored on a small scale at the Argonne Laboratory. For a
1.4 GWe ALMR with an integrated high-yield reprocessing plant, the throughput for ecycled
metal ALMR fuel is 22 Mg/yr. From data supplied by the Argonne Laboratory a eprocessing
plant cost of 48.1 n-dilion is adopted for reprocessing recycled ALMR fuel, corresponding to a
cost per unit throughput of 2.2 per g/yr. To obtain start-up actinides from LWR fuel, a
different nonaqueous head-end facility and larger first-separation stage for a throughput of 300
Mg/yr are substituted, for an additional cost of 69 million. Thus, when configured to reprocess
LWR fuel by the new nonaqueous, techniques, the cost per unit WIZ throughput is 0.39 per g/yr,
14-fold lower than the equivalent cost from the French plants, as shown in Fig. 8-10.
Summary of Unit Costs of Reprocessing
'Me above cost estimates ae summarized in Table 8.10. Although the ALMR reprocessing
plant for LWR fuel operates for only about eight years to furnish start-up actinides, an equivalent reprocessing cost per unit of product can be calculated for a plant of the same cost per unit
throughput, operating for 30 years, the basis for data in Table 89.
In the lower right comer of Fig. 810 are the estimates from Table 89 of the equivalent unit
costs of processing LWR fuel to start ALMRs, using cost data developed by the ALMR program
for plants of 300 Mg/yr. These ALMR project cost estimates for LWR reprocessing for highyield transuranic recovery are about tenfold lower than the average of the contemporary costs.
It is difficult to understand why the more complicated aqueous processes for the ALMR. should
be so much cheaper than the contemporary costs for PUREX aqueous reprocessing.
There is too little experience and engineering information on the pyrochernical processes to
comment on the validity of the cost estimates for pyrochernical operations. However, a comparison of the relative costs of aqueous and pyrochemical reprocessing was included in the
duPont cost estimates over fifteen years ago, where it was concluded that pyrochernical eprocessing would be more expensive. It is these remarkably low reprocessing costs, for both
modified aqueous reprocessing or pyrochemical reprocessing, together with the use of an unrealistically low yearly charge on capital investment of 16%/Yr, that result in the calculated low
fuel cycle cost for the ALMR. The reasons for the much lower capital costs of aqueous
reprocessing used in the ALMR program study have not been noted or addressed in the
publications reviewed for this paper. Until there is developed a cost-estimating technique
that can successfully predict the cost of plants recently built, the validity of any of these cost
estimates for the ALMR program must be questioned.
The Problems of Introducing Commercial Fuel Reprocessing in the U.S.
The high cost of reprocessing LWR fuel now prohibits the use of commercial fuel reprocessing within the U.S. Operating LWR power plants without fuel recycle is far more economical.
Therefore, the ALMR Program, proposed as a means of simplifying geologic disposal, would
necessarily equire the introduction of industrial scale reprocessing of LWR fuel. Consequently,
ALMR introduction would be burdened with all of the new issues of public health and safety of
reprocessing and plutonium recycle that have troubled many countries. Those issues had not
been settled in the U.S. when the U.S. federal policy against reprocessing was adopted.
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Table 89
CAPITAL COST OF CONVENTIONAL AND ALMR REPROCESSING
Throughput
ft /yr
2 x 800

Cost per Unit
Throughput
($ RCT g/yr)
5.5

Equivalent Unit Cost
of Reprocessing
wkr
1,400

ALMR, PUREX + TRUEX
LWR fuel, 14 GWe
LWR fuel, x A GWe
ALMR recycle 14 GWe

300
2_5W
24

0.62
1.4
6.7

160
350
1,700

ALMR. y1ochernical
LWR fuel, 14 GWe
ALMR recycle, 14 GWe

300
22

0.39
2.2

98
550

French, PUREX WR Fuel

Note:
,,Equivalent unit cost of reprocessing" is for a plant of this cost per unit of throughput,
operated for 30 years, 25% capital-charge rate. Operation and maintenance not included.
This puts reprocessing actinide recycle, and transmutation, in a different context than
when studied by Burkholder 21 and Croff, et aL, 131 in the 1970s. Then it was assumed that
reprocessing and recycle of uranium and plutonium to LWRs was already in place and that
actinide recovery and burning would require little more than modifying the expected reprocessing plants for high-yield ecovery of all actinides. Some modification of fuel fabrication operations would also have been required.
Today the issue is, in part, whether the benefits to geologic disposal from new fuel
reprocessing, and possibly from actinide burning, merit the introduction of commercial fuel
reprocessing plants for that purpose. This is a greater challenge than was faced in the earlier
studies on actinide burning.
Cal2ital Cost of the Actinide-Burning Reactor
The ALMR Program estimates an ALMR fuel-cycle cost only slightly lower than that of
LWRs. Also, the capital cost of the ALMR power plant is estimated to be less than the capital
cost of an advanced WR that could be considered for new construction by a utility, to operate
early in the next century. This contradicts the current experience on fast-breeder reactors in
Europe 471. After France's construction and operation of a small-scale LMR prototype and the
subsequent France/UK-sponsored large-scale prototype LMR, the cost of the next LMR is
expected to be about 50% greater than the cost of an WR of the same capacity.
The European experience cautions care before accepting estimates of the capital costs of
ALMR plants that DOE expects to be financed and constructed by the utility industry.
IS LICENSING SIMPLIFIED?
It is claimed that reprocessing spent fuel to recover and recycle all actinides to actinideburning reactors will simplify the licensing of a high-level waste repository. However a geologic repository will still be required, and the long-lived fission products that create the
'100,000-year licensing problem" of a repository remain. If, arguably, licensing a repository in
unsaturated rock could be aided by some of the technical advantages of waste from reprocessing
those licensing benefits must be balanced against the licensing issues that will arise from repro
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cessing LWR fuel in the U.S. and using the recovered actinides for reactor fuel, together with
licensing the construction of actinide-burning liquid-metal reactors, licensing facilities for
reprocessing fast-reactor fuel, and licensing a new facility to store some ALMR wastes for a few
hundred years before they are emplaced in a repository. The formidable undertaking, abandoned in the mid-1970s, to reach national policy and regulatory decisions on the Generic
Environmental Impact Statement of Mixed Oxide Fuel, for recycling plutonium fuel, portends
the intensity of new licensing issues to be anticipated. Licensing of the proposed facility for
retrievable storage of ALMR wastes for several hundred years would also be required.
Eventually many of these new licensing issues must be encountered, when we need fast
breeders to forestall rising fuel cost from ore consumption. For the U.S, that ea may be much
later than the present national schedule for high-level waste repositories.
There is needed a careful and realistic balancing of the possible effect of actinide burning
on licensing a igh-level waste repository, weighed against the new licensing issues that must
be addressed in an even earlier time scale to implement the actinide-burning technologies.
DISPOSAL OPTIONS
If the ALMR program were adopted and the first repository were designed and licensed on
the basis of waste of low actinide content and low heat generation, the U.S. repository program
would be committed to operation of ALMRs to modify spent fuel from LWRs. The repository
would not be qualified to handle spent fuel. Tis would foreclose the option to phase out
ALMRs, if they were to prove uneconomical, unless new geologic repositories were then
engineered to dispose of the high-actinide inventory of the ALMRs and their fuel cycle and to
dispose of the waste from replacement reactors, such as spent fuel from WRs.
A variation on the ALMR program goals would be to reprocess only the spent fuel
otherwise destined for the second repository. The low-actinide waste from the reprocessing
operations could then be loaded into the first repository. However, this proposal would not
attain the ALMR program's goal of simplifying the licensing of the proposed first epository at
Yucca Mountain, which would proceed as now towards licensing for disposal of spent fuel.
Assuming successful licensing of the first repository, the incentives to recover and bum actinides
from the spent fuel destined for the second repository would have diminished. If the ALMR
wastes were then stored in the first repository, the total actinide inventory of that repository
would be reduced only about twofold, far from the thousand-fold reduction which is the goal of
the ALMR program.
The ALMR program proposes to reprocess spent fuel and store separated cesium and
strontium for several hundred years, so that these and other ALMR wastes could be loaded
closer together in a geologic repository. If greater areal loading of waste is shown to be
necessary or beneficial to a geologic repository, similar benefit can be achieved by tiered
loading of spent fuel or keeping spent fuel in monitored retrievable storage for several hundred
years before emplacing it in a repository.
INSTITUTIONAL ISSUES
Integrated pyrochemical reprocessing may be feasible for reprocessing and recycling metal
fuel discharged from ALMR reactors. It is not sufficiently demonstrated to be considered fr
commercial application in the 2005-2012 era. The reprocessing costs are very uncertain. It will
be very difficult for an electric utility, under PUC regulation, to justify a power plant that
includes integrated fuel reprocessing, until years of industrial scale experience on fuel reprocessing, under NRC regulation, has ben obtained. ALMR introduction may require a different institutional arrangement for electric power generation.
There is no showing that U.S. utilities could reasonably and prudently select a liquidmetal fast reactor to be in operation by 2005 to 2012, or even within the projected time scale of
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the U.S. repository projects. Faced with the challenge of economic choice, reliable operation,
and prudency, utilities can be expected to give priority to new and improved LWRs, based on
the large body of experience from decades of operation. To force the introduction of ALMRs and
their complex fuel cycles according to the schedule proposed by DOE, an entirely different
institutional system for building and operating nuclear power plants and associated fuel-cycle
facilities would likely be necessary.
Fuel reprocessing t ecycle plutonium and uranium in LWRs is not economical in the U.S.
Consequently, burning actinides recovered from LWR spent fuel would require the introduction
of LWR fuel reprocessing only for the purpose of starting ALMR reactors. There would be no
other domestic market for the operation of this facility. Justifying an LWR fuel reprocessing
plant in the U.S. for that purpose would require a long-term commitment for the successive
construction of many ALMR power reactors. An entirely different institutional arrangement for
building and operating reprocessing plants for the commercial nuclear fuel cycle would be
necessary.
The yearly charges on capital investment adopted by the ALMR program are
unrealistically low for commercial eprocessing. Realistic capital charge rates can increase the
reprocessing costs by factors of two to three. Government ownership of fuel reprocessing
facilities would allow a lower charge on capital investment and could benefit the economic
potential of the ALMR program proposed by DOE. However, there is no showing that government ownership would be sufficient to result in reprocessing costs low enough to make the
ALMR and its fuel cycle economically competitive.
Government ownership of the ALMR power plants would improve the chance of the ALMR
to compete economically with advanced LWRs.
Fuel cycle costs of ALMRs with actinide burning are greater than fuel cycle costs of LMRs of
the same era. Therefore, a utility cannot be expected to select an ALMR unless the federal
government supplies some financial incentive for that selection.
To achieve the goals of the ALMR program, ALMRs must be started with actinides recovered from LWR spent fuel. However, because of the high cost of LWR fuel reprocessing, the economic potential of the ALMR to produce its own actinide-free waste is greater if it can be
started with federally-owned plutonium from demobilized weapons 1331. It may even be
cheaper to start the ALMRs from highly enriched U-235 than from actinides recovered from
LWR fuels 7]. Those future ALMR breeders could operate as ALMRs to reduce actinide content
in their own waste, but they would not be able to bum actinides from WR spent fuel as now
proposed by the ALMR program. Additional financial incentive would have to be provided for
a utility to select actinides from LWR fuel reprocessing to start an ALMR.
The proposed ALMR program would introduce new technical and institutional issues involving almost every aspect of nuclear power generation, the associated fuel cycles, and waste
disposal. In the present climate of tightening federal funds for DOE's national laboratories and
contractors, with increasing competition for funds for DOE's LMR program and its programs on
waste cleanup and waste management, it may be difficult for DOE to obtain an objective and
comprehensive evaluation of the technical and economic features and of the institutional issues
of the ALMR concept.
It is difficult for the DOE-funded ALMR program to make meaningful analyses of the economic incentives for industry to commit its risk capital to such an involved, complicated, and
unproved means of nuclear power generation. The industry that is expected to invest in ALMR
reactors and reprocessing plants, and the industry that must ultimately bear the responsibility
for design, construction, and cost estimating should be better epresented.
An independent evaluation by the National Academies of Science and Engineering is also
recommended.
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NUCLEAR PROLIFERATION AND SAFEGUARDS
Introducing fuel reprocessing and fast reactors in the U.S. for burning actinides from LWR
spent fuel would raise the issues of nuclear proliferation and safeguards that caused the cancellation of U.S. commercial fuel reprocessing in the 1970s. Those issues must be dealt with eventually for the successful introduction of a breeder reactor, whenever that occurs, regardless of
actinide burning. Forcing that introduction into the earlier era of repository design, as poposed
by DOE, would introduce proliferation as an additional issue to be dealt with to obtain the
claimed benefits to waste disposal.
TECHNICAL ANALYSIS AND PUBLIC PERCEPTION
In reviewing the recent publications arguing fr the new DOE-NE program on actinide
burning, I find no facts that dispute the results of earlier studies that found little technical
benefit of actinide burning on waste disposal. However, it is argued that it may be easier to
f1sell a high-level waste repository to the public if it does not contain large quantities of
plutonium and other transuranic elements. It is argued that actinide removal will benefit
"public perception.'
Any individual in our technical community does have, of course, the right of any person to
express his views on societal issues and public perception. However, in doing so, he is no longer
speaking with the authority that he commands on technical matters. In my view, as a member
of society and with no special expertise in public perception a technically expert group arguing
largely on the basis of public perception is likely to turn public perception in the opposite
direction. The public has a right to the facts, and they eventually learn the facts. If the facts
do not support the claims on actinide removal from waste, the public is badly served.
Speaking now as a member of the engineering profession, we are responsible to society to
develop sound technological solutions for social needs. We must convey our technical progress to
society and be responsible to society. But we betray the trust of society if OUT profession
promotes technological decisions on other grounds 351.
CONCLUSIONS
The analysis herein leads to the conclusions stated earlier in tis paper.
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USE OF FAST -SPECTRUM

REACTORS FOR HLW BURNING

DISCUSSION
The discussion of the final session of the Conference opened with a representative of
General Electric providing a description of GE's actinide-burning liquid metal-cooled fast
reactor (ALMR) program, and pointing out that the concept of using the reactor to bum actinides
is only a recent development in a long-running program. The objective of the program has
always been to produce a safe, economical base-load breeder reactor power plant. The recent
innovation in actinicle-burning potential has been developed only during the past year,
reflecting the recent revival of interest in gaining the benefits of actinide burning.
How this program relates to the overall nuclear waste management issue was described as
follows: "We see an interaction of our program with actinide burning, which may enhance the
waste disposal program. Dr. Chang's presentation showed the effects of using a synergistic
total fuel cycle involving LWR spent fuel and the ALMR program. Our plan is to design the
reactor, along with completing the design of the integral fuel cycle, as it relates to reprocessing
the liquid metal fuel. We plan to build the plant and demonstrate by test to the NRC the
licensing objectives which we have defined. The scope of that program has yet to be defined.
That is not going to be a simple task.
"We will continue to evaluate the potential for waste management enhancement. The
extension of that waste management enhancement by utilizing, as start-up fuel, the spent fuel
from LWRs is the the issue being discussed today. We feel we can utilize what is now a
liability in the form of spent LWR fuel as a resource for fueling the ALMR. Such use would not
in any way negate the need for the first waste repository. It does have ramifications regarding
size and capacity of that repository, and the timing and possibly design of a second repository.
"It has been mentioned that technitium is a particular problem in satisfying the repository
requirements. Perhaps there will be an opportunity for removing the technetium as well as the
actinides in a chemical process and then transmuting them. I would like to address the
following comment to Prof. Pigford: It appears that your analysis has focused totally on the
waterborne migration of radioactive material from the repository, and has ignored the
potential for other material escape pathways by processes such as earthquakes, volcanoes, or
maybe by someone who mines some of the material that has been deposited there."
Prof. Pigford's reply: "Human intrusion is just as tough to protect against as any other
exposure pathway. The Waste Isolation Pilot Plant WIPP) project has done the most work on
that problem. When they analyze human intrusion tnere, they consider the possibility that in
the future someone will drill and hit waste. That would be bad, but it is not as worrisome as the
waterborne pathway. This is mainly because human intrusion would involve only a few people.
The great problem with geologic repository is that it has the potential of exposing so many
people via other pathways. If someone drills a hole into the repository, ground water may
enter. Some may claim that is not so because the repository monitors will plug the hole.
However, plugs are given a life of only 300 yars in my analyses. I have calculated that water
enters the repository and carries the radionuclides away to people. Magma intrusion is also
possible. he preliminary results are about the same as with water intrusion.
"Concerning technitium, yes, you can burn it, but fast eactors are not very good for this. If
you have a fast reactor with an epithermal region in the neutron energy spectrum, like the Fast
Flux Test Facility (FFrF), you can do this. However, the best reactor of all is the plain old
PWR. Also, we can also recover technitium in both the TRUEX and pyrochemical processes. It
was pointed out in the National Research Council study of high level waste 1983) that in
reprocessing, technitium, iodine, and cesium can be separated and packaged alone. Take the
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example of iodine. All of the iodine from all the 60,000 metric tons of waste could be reacted
with silver to form silver iodide and could then be put into a single waste package. he surface
area of such a package would be so small compared to what it would be if the iodine were to
remain distributed throughout all of the waste Packages that we can calculate the fractional
release rate of iodine to be of order 10-8 per year, rather than 10-3 if the iodine were to remain
uniformly distributed. That value is low enough for iodine releases not to be a problem. This
can also be done with technitium and cesium. So, burning sounds great, but it should be
considered on a time scale of 1000 years of burning. If you find an economical method of
reprocessing separation and reprocessing may prove to be a simpler technique."
In response to a question from one participant concerning the material balance in the
magnesium extraction concept, Dr. Chang explained that the process currently under
consideration will involve approximately 1000 kg of spent LWR fuel per batch. Actinides will
comprise about 1% of this ass, the other 99% will be unprocessed uranium, which will be
stored on the surface as alloy ingots until needed for fast spectrum reactors. This uranium will
have to be reprocessed by remote means. The participant commented that doing this would
create a new set of problems, expanding relatively safe and easily handled spent fuel elements
into a large volume of dangerous material requiring remote handling. He concluded, "Is the
reason for implementing this entire process simply avoiding the requirement fr another
repository for a long time, or do you propose this program so that the wastes will be radioactive
for only four to five hundred years instead of a million? The idea of a utility operating an LMR
plant and reprocessing the fuel is unrealistic. I can not imagine a utility wanting to do that."
One participant observed that Prof. Pigford did not seem unalterably opposed to the concept of actinide burning, and asked whether he believed that a research program in this area to
evaluate technical feasibility is desirable, what schedule of work is needed for timely results
to be produced, and what is the list of key items which Prof. Pigford would recommend to be
investigated?
Prof. Pigford's response: "The most important thing is to reconsider the program's objectives. The objectives and timetable should be reevaluated in order to determine what can be
done when. This should include a realistic examination of costs and investigation of what similar things cost in other countries.
"The most positive part of the program, which is worth working on, is the fast breeder
reactor. It is the most important new reactor concept in our program.
'Here is my view of the economic evolution of technology development. I studied this
initially concerning the National Research Council Fusion/Hybrid Program, which has many
parallels to the breeder program. We concluded that there must be a significant increase in
uranium ore cost in order to justify the breeder. If the reactor capital costs are greater than
those of LVvRs, no justification can be expected until after 2050.
'On economic grounds I doubt that the breeder can ever survive the high startup cost of
plutonium provided by aqueous reprocessing from LWR fuel. My figure for such fuel is
50 mills/kWh, and that is not being pessimistic. This value is greater than the total estimated
cost of energy from the breeder. I hope we can get it started instead using plutonium from the
weapons program, O by means of a brand-new reprocessing operation which is considerably
cheaper. However, I am extremely conservative on cost estimates.
"Mis attitude is based upon experience. In the United States, we have had reprocessing
plants in West Valley, New York and Barnwell, South Carolina, built by Bechtel. For the
Barnwell plant, the first cost estimate was 60 million; the final cost, before adding facilities
for vitrification, plutonium solidification, etc., was 200 million. And Bechtel tells me that
building that plant today, they could not be sure that they could estimate the costs any better
than previously. We have lost the ability in this country to control the costs of large projects.
That is why we must be conservative and examine actual experience in other countries. My
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conservatism is another reason that I put the era of operation in the post 2050 egion. I am
enthusiastic about reprocessing for that ea."
Dr. Chan& rebuttal: "The year 2050 seems rather far away. We hope to demonstrate
closure of the IFR fuel cycle within the next five years. The Argonne National Laboratory fuel
cycle facility has been undergoing renovations and should be in hot operation by October of
1991. Paramount to that is that if we continue developing pyroprocessing for LWR
applications, after the next five years we can select a reference design concept to apply to the
same fuel cycle facilities for a large scale demonstration. That demonstration may take
another five years. So over the next ten years, I think the WR actinide extraction process can
be demonstrated, if the technology and feasibility work out through that process. So, to the
question of when is the soonest that fast reactors could be commercialized: it is feasible to do, so
that, if the nation has the will fr it, we can go to the start of operation of the fast reactor,
including fuel cycle facilities, by 2005 to 2010. That means that we must make a decision for
proceeding with such project by 1995."
A representative of the Department of Energy provided insight into the DOE's position on
how actinide burning fits into the plan for waste management. "The DOE views actinide
burning as a research and development program. As such, it attempts to answer some basic
feasibility questions. Work is going on at the Experimental Breeder Reactor (EBR-11) and
Argonne National Laboratory to do that. As Dr. Chang has pointed out, we may reach a
decision around 1995 regarding whether to push forward. If so, we must think at least of 2010 or
2015 before deployment of a reactor would be feasible. So we certainly are not considering this
program as being a substitute for current plans to deal with the spent fuel that we now have in
inventory in the United States.
"I become nervous when I hear it said that the DOE does not plan to dispose of WR spent
fuel in the first waste repository. Achieving that may be a hope for someone, but it is not a
statement of the DOE's current thinking. Mr. Young said yesterday that one of the requirements
for going forward with new power eactor orders in the U.S. will be some noticeable progress on
the Yucca Mountain site by 1995. We still look forward to disposing of spent fuel in Yucca
Mountain. Actinide burning, if it proves feasible, can have a significant effect upon long term
waste disposal. But we certainly do not see it as a substitute for the first repository."
Dr. Marvin Miller provided the following comments on energy efficiency and nuclear
proliferation:
1 would like to concur with Dr. Socolow's point of earlier today. We must broaden OUT
views regarding the problem to be worked on. One of the best things to do is improve the end
use efficiency of energy, specifically electricity. But even with greater efficiency, we will need
both greater solar and nuclear power capacity. This is because the non-fossil electrical grid of
the future which we will need if the geenhouse effect is real, will necessarily have to rely
upon both technologies.
'Concerning nuclear weapons proliferation, the topic has pretty much been off the national
agenda since President Carter's administration ten years ago. We in the anti-proliferation
program have been mostly concerned with dedicated weapons development efforts, first in
Pakistan and more recently in Iraq.
"Now, let us consider an R fuel cycle, taking a symbiotic lFR-LWR once-through cycle in
comparison to a reference cycle, the LWR, once-through cycle. The Environmental Protection
Agency (EPA) has estimated that even if we minimize fossil fuel use, we will need a global
nuclear contribution of 818 to 3080 GWe by the year 2100. An important question is that of 'can
we reach that date and those beyond by using the uranium in the ground in once-through fuel
cycles?' The Organization of Economic Cooperation and Development (OECD) estimates that 6
million tons of U308 would be needed. Consequently, you conclude that at some time we will
need a breeder.
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"If all advanced reactors are fueled with low-enriched uranium (LEU) and use a oncethrough fuel cycle, in terms of weapons proliferation and subnational terrorism, they are all
similar.
"With the 11711, the issue is that associated flows of plutonium are substantial. In order to
control this flow, we must have International Atomic Energy Agency (IAEA) safeguards. The
way in which the IAEA safeguards nuclear facilities is the way that a bank balances its books.
They measure fissile material inputs and outputs and the changes of inventory. In an ideal
case, the ending inventory minus the beginning inventory equals the feed flow inus the
product. But reality is not ideal. When you measure plutonium flows in bulk form, there is
always a measurement uncertainty, and the resulting residual inventory is material
unaccounted for (MUR The goal of safeguards is to try to detect a material diversion signal
within the noise of the uncertainty.
"The calculation goes like this- Consider the flow rate to be 3000 kg per year. The error
associated with the material balance is one standard deviation, or about 25% of the annual
flow, or 75 kg. If you use elementary decision theory and say we want a detection probability of
95% and false alarm probability of %, the minimum detectable amount of plutonium is approximately 250 kg. We should compare this amount to the IAEA's definition of a significant
quantity of plutonium, approximately the material needed to make a bomb, or a ass of kg.
'So the material balance must be made at least weekly in order to make the detectable
amount in the neighborhood of kg. The technique in use here is known as 'near-real time
material accountancy.' This problem also arises with conventional PUREX reprocessing of spent
fuel. If you take the Japanese facility at 800 tons per year with a MUF of about 1%, and
assuming that plutonium is about 09% of the heavy metal for a PWR, you get comparable
results. Safeguarding the IR will require near-real time material accountancy. It is
achievable, but not easy."
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CONFERENCE SUMMARY
At the conclusion of the Session
Discussion, Prof. Michael Golay, the Conference
organizer and moderator, provided the Conference summary:
"Concerning advanced reactors, one of the main themes that emerged from the discussions
was that consensus on how best to blend active and passive safety approaches is unclear. A
number of alternatives have been identified which appear to offer some attraction.
Substantial work to develop them remains to be done, but the good news is that there appear to
be good easons to undertake that work.
"Me discussion on project control and construction showed that the use of modularization
offers a basis for optimism that substantial improvements could be made, providing that a
stable decision-making climate is available for future projects.
"Me topic of public acceptance emerged as the paramount issue of the entire conference.
Prof. Slovic made clear that the essence of the problem is one of trust, not one of beautiful
technological concepts, credible spokesmen, public communications campaigns which tell us
that we can reduce our dependence upon imported oil, or of many other things that were cited
during OUT discussions.
"The international panel presentations were among the most important. It was quite
striking to view the contrast between the situation in Korea, where vigorous growth is coupled
with a variety of approaches to reactor development, and the situations in Italy and Germany
where progress is stalled in the nuclear power programs, and where the important issues are not
concerned with the best reactor development strategies, but rather with how to regain public
trust. That trust could then be used as the basis for pursuing a strategy to provide technological
options attractive for society. These situations are clearly relevant to the United States. We
note that in Japan the nuclear program is proceeding in a somewhat more confident way than in
some of the other industrialized countries, but some questioning of the program is occurring there
also. In Japan the role of technological contributions to answering those questions has not
clearly emerged yet.
"One focus of the Conference was on alternative ways of evaluating safety. The suggestion
was made by Prof. Lidsky that reliance on physical tests could be such a means of evaluation. I
see his suggestions as important less in terms of whether they are implemented literally than
in tenrns of the catalyst which they may provide for new thinking about nuclear safety and
about the evidence which one must provide in order to gain acceptance for new technologies in
various societies. So, the role of the suggestion for licensing by tests may be more analogous to
the role of the PIUS eactor in provoking new directions of thinking about the issues of safety
rather than because they are or are not realized as practical outcomes. Surely we will see more
reliance on physical tests and use of prototypes in fture
reactor programs, but the details of
how they become implemented may be less important than the basic suggestion to utilize
testing in safety regulation.
"Concerning nuclear waste disposal and actinide burning, an interesting aspect of the
discussion was disagreement concerning technical questions, i.e., what are the feasibility and
value of different chemical processes, what are associated costs and schedules? These things
would normally be considered in a technical development program. Yet they have taken on an
importance that goes beyond mere technology development, because they reflect the frustration
that has arisen in trying to deal with the nuclear waste problem overall. Had Yucca Mountain,
or its pedecessors O the other attempts that have been tried for dealing with wastes here,
been preceding well, we probably would not have had the item of actinide burning on the
agenda today. However, actinide burning has been taken up in the public debate, as what could
S 1

hopefully be a technical solution O at least a means of relieving the existing impasse in
decision-making on terrestrial waste disposal.
"As the discussion in the last session bught out, no fatal technical impediments to
actinide burning were identified. The message of today's discussions is that there is substantial
work to be done in order to render actinide burning a practical reality. The agenda for doing
this is ambitious, it will require large commitments of both time and resources, but the
possibility of success is a reason to try to find out whether it can work. Substantial uncertainty
exists concerning when actinide burning could be useful, how much it would cost, and in the end
whether it would be worthwhile.
'The discussion of waste disposal was stimulated by Mr. Aheame's point in the beginning
of the afternoon that the process being used in the United States for disposal appears to be
sterile. However, we have evidence from other countries that a more gradual approach, one
that is more consensual, may indicate that terrestrial disposal can be achieved successfully In
reality, definitive evidence is not yet in, but it povides food for thought regarding how we
should proceed in the United States, and reasons to consider that perhaps the path we are on
now might not succeed. Mr. Cotton pointed out, rightly, that the available evidence also does
not permit us to say that we are doomed to fail, particularly if we are a little more careful and
thoughtful.
"So, in the end, we are left with a theme of optimism, in that the technology which we
have been discussing offers significant promise for success if the future work continues to be done
in a comprehensive way. But the future is uncertain. Future success with nuclear power will
require that the best minds be applied to its problems. That is one of the main reasons why we
at MIT have stuck with the nuclear power enterprise and have tried to aintain a leading role
in it, it is why we have created our Program on Advanced Nuclear Power Studies, and why we
shall continue with that program.
"I reiterate that this Conference is the first of a series. We expect to hold the second in
about 18 months. We will be in a process of re-evaluating the lessons of this Conference, to
make the next more successful. You always learn something useful with a first experience.
However, I am gratified with the experience of this Conference. Our last remaining task for
the Conference is to produce its proceedings. Our goal is to have a document available for public
distribution in early 1991. Finally, I wish to thank all of the conference participants for their
thoughtful contributions and spirited discussions."
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Argonne National Laboratories
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D.C.
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DOE
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Electric Power Research Institute
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Energy Research Development Agency
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Integral Fast Reactor
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Monitored Retrievable Storage
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Metric Tons Heavy Metal
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(United States) National Energy Strategy

NRC
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Plus

Process Inherent Ultimately Safe

PRA

Probabilistic Risk Assessment

PSA

Probabilistic Safety Analysis

PUC
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R&D
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Thorium High Temperature Reactor

TMI

Three Mile Island
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IMPLEMENTATION OF THE SAFETY GOALS, SECY-89-102

This Appendix contains the most recent statement of the NRC's Safety Goals. The
formulation of the goals has changed somewhat since their initial promulgation in 1983 as
they have been refined and problems of their practical application have been considered. This
process appears likely to continue. Thus, the version pesented here might be considered as an
interim formulation.
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James M. Taylor, Executive Director
for Operations
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SUBJECT:

Chilk,

Secretary

SECY-89-102 - IMPLEMENTATION
SAFETY GOALS

OF THE

The commission's objective in publishing the Safety Goal Policy
statement was to define an acceptable level of radiological risk
from nuclear power plant operation.
The Commission also believed
that
by establishing
a level of safety considered to be safe
enough, public understanding of regulatory criteria
and public
confidence in the safety of operating plants would be enhanced.
In formulating the policy, the Commission indicated that
it
believed that
current regulatory practice ensured compliance with
the basic statutory
standard of adequate protection; but the
commission also believed that
current practices
could be improved
to provide a better
means for testing
the adequacy of current
requirements and the possible need for additional requirements.
In establishing this
policy, the Commission adopted two
qualitative
safety goals that
are supported by two quantitative
health effects
objectives for use in the regulatory decision
making process.
The Commission reaffirms its
endorsement of
these earlier
initiatives.
The Commission has approved the
following actions relating
to the Safety Goal Policy Statement:
1)

NOTE:

Probabilistic
risk
assessment (PRA) is used as a tool
to provide measures of plant performance and overall
risk
to the public.
Insights can be drawn from this
information to evaluate the consistency of regulations
with the safety goals and, to identify
possible changes
in the regulations that
make them more consistent with
the safety goals.
The result
of the several PRA level
calculations (i.e.,
core damage probability,
source
terms, consequence estimates), as well as the results
of the various internal steps within each level, can be
compared with certain specific
regulatory requirements.
This has resulted in the suggestion that
the Safety
Goals and health objectives be partitioned
into further
subsidiary objectives.
While the Commission believes

THIS SRM AND THE SUBJECT SECY PAPER WILL BE MADE PUBLICLY
AVAILABLE 10 WORKING DAYS AFTER ISSUANCE OF THE SRM.
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that
such "partitioned"
objectives can be useful in
making regulatory decisions and improving regulatory
practices, it does not believe it
is necessary to
specifically
incorporate the partitioned
objectives
into the Safety Goal Policy Statement.
2)

In the Safety Goal Policy Statement, the Commission
proposed for further
staff
examination a guideline for
general plant performance that
the overall mean
frequency of a large release of radioactive materials
to the environment from a reactor accident should be
less than
in 1,000,000 per year of reactor operation.
The examination of this
proposed guideline by the staff
has resulted
in a conclusion that
specifying this
frequency as an overall mean value is inherently more
conservative than either
of the quantitative
health
effects
objectives.
However, this
more conservative
result
is within an order of magnitude of the
Commission's health objectives and provides a simple
goal which has generally been accepted.
The Commission
believes that
the basic concept of a plant performance
objective that
focuses on accidental releases from the
plant and eliminates site
characteristics,
as suggested
by the ACRS, is appropriate.
The staff
should evaluate
and advise the Commission whether such an objective can
be developed and how it would be useful.
In conducting
this
evaluation, the staff
should formulate a new
definition
for large release and supporting rationale
consistent with this
approach.
(EDO)

3)

928/90)

The staff,
in developing and reviewing regulations and
regulatory practices, should routinely consider the
safety goals.
To achieve this
objective, the staff
should establish
a formal mechanism including
documentation for ensuring that
future regulatory
initiatives
are evaluated for conformity with the
safety goal.
(Recognizing that
the state
of knowledge
is such that
the degree to which regulatory issues can
be related
to the safety goals will
vary considerably,
the staff's
consideration of the safety goals could
range anywhere from quantitative
risk
comparisons
involving the safety goals themselves to a
deterministic judgment that,
in light
of the safety
goals and available knowledge (or lack thereof), a
given issue does or does not warrant a change to the
regulations or regulatory practices.)
(EDO)

4)

(SECY Suspense:

(SECY Suspense:

11/30/90)

Implementation of the safety goal may require
development and use of "partitioned"
objectives.

In
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general, the additional objectives should not introduce
additional conservatisms.
The staff
should bring its
recommendations on the use of each such subsidiary
objective to the Commission in the context of the
specific
issue for which it would be useful and
appropriate, and explain its
compatibility with the
safety goals.
Based upon the NRC's review of a sample
of plant PRAs, it
appears that
these plants not only
meet the quantitative
health effects
objectives but
exceed them.
This may or may not reflect
excessive
conservatism in regulations.
While there have been
improvements in PRA techniques, uncertainties
in the
summary results
are still
such that
quantitative
PRA
objectives should not be used as licensing standards or
requirements.
The Commission believes that
the safety goal objectives
should be applied to all
designs, independent of the
size of containment or character of a particular
design
approach to the release mitigation function.
Accordingly, for the purpose of implementation, the
staff
may establish
subsidiary quantitative
core damage
frequency and containment performance objectives
through partitioning
of the Large Release Guideline.
These subsidiary objectives should anchor, or provide
guidance on "minimum" acceptance criteria
for
prevention (e.g. core damage frequency) and mitigation
(e.g. containment or confinement performance) and thus
assure an appropriate multi-barrier
defense-in-depth
balance in design.
Such subsidiary objectives should
be consistent with the large release guideline, and not
introduce additional conservatism so as to create a
de facto new Large Release Guideline.
A core damage probability
of less than I in 10,000 per
year of reactor operation appears to be a very useful
subsidiary benchmark in making judgements about that
portion of our regulations which are directed toward
accident prevention.
Containment performance objectives for evolutionary and
advanced dsigns
should be submitted to the Commission
for approval, together with a justification
for the
recommended approach.
In developing recommendations
the staff
should assure that:
a)

The CUP objective is not so conservative as
to constitute
a de facto new "Large Release
Guideline."

b)

Establishment of a CCFP should be approached
in such a manner that
additional emphasis on
prevention is not discouraged.
In this
regard, staff
should develop appropriate
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guidance for establishing CCFPs to address
this
concern and provide a uniform
methodology for implementing such an
approach.
C)

Recognizing that
it
is entirely
possible that
a deterministically-established
containment
performance objective could achieve the same
overall objective as a CCFP, staff
should be
prepared to review the merits of such an
approach (if
proposed) and, if workable,
accept such an approach as an alternative
to
a CCFP.

The Commission has no objection to the use of a 10-1
CCFP objective for the evolutionary design, as applied
in the manner described above.
Within a particular
design class (e.g., LWRs, LMRs,
HTGRs) the same subsidiary objectives should apply to
both current as well as future designs.
A specific
subsidiary objective might differ
from one design class
to another design class to account for different
mitigating concepts (e.g. confinement instead of
containment).
However, the Large Release Guideline
relates
to all
current as well as future designs.
These partitioned objectives are not to be imposed as
requirements themselves but may be useful as a basis
for regulatory guidance.
5)

It is important to note that
the Commission has made it
clear in the advanced plant and severe accident policy
statements that
it expects that
advanced designs will
reflect
the benefits of significant
research and
development work and experience gained in operating the
many power and development reactors, and that
vendors
will achieve a higher standard of severe accident
safety performance than their
prior
designs.
The
industry's
goal of designing future reactors to a core
damage probability of less
than
in 100,000 per year
of reactor operation (EPRI for ALWRs and GE for the
ABWR) is evidence of industry's
commitment to
RC's
severe accident policy.
The Commission applauds such a
commitment.
However, the NRC will
not use industry's
design objectives as the basis to establish
new
requirements.

6)

In order to enhance our regulatory process for the
current generations of plants,
the Commission believes
the staff
should strive
for a risk
level consistent
with the safety goals in developing or revising
regulations.
In developing and applying such new
requirements to existing plants, the Backfit Rule
should apply.
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7)

The Commission supports the use of averted on-site
costs as an offset
against other licensee costs (and
not as a benefit) in cost-benefit
analyses.

8)

Both the staff
and ACRS agree that
the safety goal
objectives and other relevant objectives should be used
to identify
possible changes in the regulations
applicable to nuclear power plants;
however, the task
of undertaking a total
review of the whole body of
applicable regulations and regulatory practices appears
to be a massive, resource intensive effort.
The staff
should describe a plan, with specific
detail,
for
assessing the consistency of our regulations with the
safety goals and for identifying and possibly
eliminating unnecessary requirements, and modifying
requirements that
may be inadequate.
This may fold
in current work to review regulations and eliminate
unnecessary requirements, and plans to use IPE-PRA
information to make comparisons of current regulations
with safety goal objectives.
The staff
should consider
whether a trial
case of limited scope may be a useful
way to proceed with this
request.
,(EDO)

9)

(SECY SUSPENSE:

12/91)

In stating
that
quantitative
objectives can be useful
in making regulatory decisions to address safety
issues, the Commission recognizes the uncertainties
associated with the numerical results
of PRA.
Some
issues (e.g., human performance) also do not readily
lend themselves to quantitative
comparisons.
Therefore, the staff
in applying the criteria
provided
in 10 CFR Part 52 may conclude that
additional
requirements are needed based on experience with prior
designs in order to provide substantial
assurance that
future designs will meet the level of safety provided
in the Safety Goal Policy Statement.
The staff
should
elevate such safety issues to the Commission for
consideration and should not be constrained from
proposing new requirements where benefits
cannot be
quantified in terms of risk.

10)

The Commission believes that
"adequate protection" is a
case by case finding based on evaluating a plant and
site
combination and considering the body of our
regulations.
Safety goals are to be used in a more
generic sense and not to make specific
licensing
decisions.
It is not necessary to create a generic
definition
of adequate protection, nor is it necessary
to amend the Safety Goal Policy Statement in order to
provide a direct
relationship
between the safety goals
and the concept of adequate protection.
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11)

The Commission agrees that
it must not depart from or
be seen as obscuring the arguments made in court
defending the Backfit Rule.
Tilese arguments clearly
established that
there is a
level of safety that
is referred to as "adequate
protection".
This is the level that
must be assured
without regard to cost and, thus, without invoking the
procedures required by the Backfit Rule. I/
Beyond
adequate protection, if the NRC decides to consider
enhancements to safety, costs must be considered, and
the cost-benefit
analysis required by the Backfit Rule
must be performed.
The Safety Goals, on the other
hand, are silent
on the issue of cost but do provide a
definition
of "how safe is safe enough" that
should be
seen as guidance on how far
to go when proposing safety
enhancements, including those to be considered under
the Backfit Rule.

12)

The term "credible" is used in Part 100 and has in some
instances been given a probabilistic
interpretation
or
definition
by the staff
which is more stringent
than
the Large Release Guideline.
This lack of uniformity
should be addressed by the staff
in conjunction with
the staff's
efforts
on siting.

13)

All commissioners agree that
how well a plant is
operated is a vital
component of plant safety.
In
order to
improve communication to the public, ACRS
has recommended that
this
fact be given more prominence
in the Safety Goal Policy Statement as a major element

on a related
point, the presumption is that
compliance with
our regulations provides adequate protection.
The converse,
however, is not true, i.e.
adequate protection does not
necessarily require compliance with the body of our
regulations.
The Commission can and does grant exemptions
to specific requirements in our regulations as long as we
assure adequate protection is achieved by other means.
Moreover, we also have regulations which go beyond adequate
protection and have been issued to enhance safety e.g. the
Station Blackout Rule.
Thus, if an "enhancement" passes the
tests
of the Backfit Rule, there is nothing to prohibit
its
imposition other than the guidance provided by the Safety
Goals policy.
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of uncertainty, recognizing that
it
is not quantifiable
in a fashion similar to the ther objectives.
The
current wording of the policy statement contains such a
message implicitly;
therefore, the Commission does not
believe a change is necessary.
The staff
should,
however, recognize this
as a major element of
uncertainty when referring
to the safety goals in
making regulatory decisions.
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