
W I T H I T S S T E L L A R performance
indicators and clean safety record
for more than two decades now,

the nuclear industry has been attracting more
notice from the public than it has in years. As
general chair Michael Sellman noted during
the opening plenary session of the ANS An-
nual Meeting, “It’s probably the best time in
22 years to talk about nuclear power.”

Rising prices of competing energy sources,
rolling blackouts in the country’s most popu-
lous state, and an executive branch that is un-
afraid to utter the word “nuclear” on national
television have all contributed to the country’s
rethinking of nuclear energy.

“The state of the U.S. nuclear industry is
very sound and . . . the outlook for nuclear
power is the brightest it’s been in several
decades,” said Jeffrey Merrifield, a commis-
sioner with the Nuclear Regulatory Commis-
sion (see article by him, this issue). “By al-
most any safety, reliability, or economic
performance indicator, the 103 operating nu-
clear power plants in the U.S. are operating
better today than ever before.”

The performance has improved so much
over the years, in fact, that the equivalent of
23 new 1000-MW plants have been added to
the existing fleet of nuclear power reactors,
Merrifield noted.

But the window of opportunity for the in-
dustry may not last long. Administrations can
change in four years. Senators can roll out of
the other side of the bed one morning, switch
parties, and affect where the nation will store
its radioactive uranium for the next geologic
era or so—as evidenced by the newly em-
powered Senate Democratic majority leader’s
recent announcement that the senate will not
support Yucca Mountain.

The whims of the nation’s leaders aside, the
speakers at the plenary session agreed that the
best way to ensure a robust future for nuclear
power is to focus on safety. “We better be
safe, or the bright future appearing for nuclear
power could quickly go down,” warned
Richard Abdoo, chief executive officer of
Wisconsin Electric Company.

More than 900 paid registrants gathered in
Milwaukee in mid-June to attend Safety Cul-
ture and Its Relationship to Economic Value
in a Competitive Market, the ANS Annual
Meeting.

And just how optimistic these times are for
the nuclear industry was a question on every-
body’s mind. Indeed, speakers throughout the
week’s sessions sidled into their presentations
their take on how hopeful the industry should

be. And the musings—by turns gleeful, dis-
missive, and cautious—of registrants could be
heard in hallways, hotel elevators, and near-
by restaurants.

As assistant general chair Tom Lewis, of
Nuclear Management Company, wondered,
“Is American society taking nuclear power to
the prom and viewing it as the homecoming
king or queen? Or is it viewing it as the cousin
you’re stuck taking because you couldn’t get
another date?”

ANS doings
In his comments, 2000–01 outgoing ANS

President Jim Lake noted several hopeful
developments at ANS over the past year.
The number of new student members grew
by more than 100 percent in the past three
years. Also, for the first time “in a long, long
time,” ANS received in April an invitation
to testify before Congress, he said. And, the
Society has made headway toward becom-
ing a credible and respected source of pub-
lic information.

“At this time last year, ANS was unable to
break through the national press to get infor-
mation out to the public,” Lake said. “Today,
as America has awakened to energy supply

and energy cost issues, ANS is being active-
ly sought out for information and interviews.” 

Lake noted that just in the past few months,
several current and past ANS officers have
responded to calls for interviews for media
outlets such as CNBC, The Washington Post,
The Wall Street Journal, and even National
Geographic.

“I believe ANS is on the map now as a
source of credible information with some of
the national press,” Lake said.

Public trust in Japan
Shunsuke Kondo, a professor and director

of the Research Center for Nuclear Science
and Technology at the University of Tokyo,
provided an overview of current issues facing
the nuclear industry in Japan.

In order to prevent several years of economic
stagnation owing to reduced carbon dioxide
emission standards mandated in the Kyoto Pro-
tocol, the majority of Japan’s Advisory Com-
mittee on Energy to the Ministry of Economy,
Trade, and Industry (METI), agree that Japan
should steadily increase its nuclear power sup-
ply in the coming decades, Kondo said.

To do this, Japan must, in the short term,
maintain the credibility of the safety regulators
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it will have to be sold.

34 N U C L E A R N E W S August 2001

Meetings



and operators and pro-
mote the site selection
for geological disposal
of high-level radioac-
tive waste, Kondo
said. In the middle
term, new types of re-
actors that are compet-
itive with other forms
of power generation
must be demonstrated
and deployed. And, in
the long term, R&D of

fast breeder reactors and related fuel cycle tech-
nologies must be promoted.

The accident at JCO Tokai Works in Sep-
tember 1999, however, has damaged the pub-
lic’s trust in the nuclear community, Kondo
noted. Shortly after the accident, more than 70
percent of the people asked expressed uneasi-
ness toward nuclear power, up from around
60 percent the year before. In 2000, the num-
ber of people favoring the reduction of nuclear
power was about 5 percent higher than those
favoring its continued use.

Kondo said that to win the public’s trust,
it is “extremely important” to inform the
public of the merits of nuclear technology
and its “irreplaceable role.” He said a pre-
requisite for success is “to recover the pub-
lic trust in operators, regulators, and policies,
as various opinion surveys indicate that the
public trust mainly comes from . . . their be-
lief in the safety and controllability of nu-
clear technology.”

‘Tough issues’
Even though the nuclear community is on

the threshold of a rebirth, noted Nuclear Man-
agement Company president Michael Sell-
man, “there are some hard things we have to
do” if the industry is to succeed. In his pre-
sentation, Sellman provided a down-to-earth
assessment of the difficult issues yet facing
the industry.

“It’s absolutely critical that science decide
whether or not Yucca Mountain is an accept-
able repository,” he said. “And then we hear,
unfortunately, that there is a chance that the
decision will be made based on politics. If that
happens I can tell you there won’t be a rebirth
of nuclear power. It’s up to us in the room to
talk to our senators and make sure that science
is used to make the decision.”

Sellman said there
is a grave need to sup-
port university nu-
clear engineering pro-
grams and encourage
young people to join
the industry. “In the
next decade a lot of
nuclear workers at the
plants and a lot of us
in this room will be
retiring. We know
that. And even know-

ing that, we haven’t helped our universities.
We haven’t gotten to the point where we’ve
revitalized nuclear engineering programs at
universities. We haven’t persuaded youth that

this is a good industry to go into.”
He said it is likely not possible to entice

young people to enter the nuclear industry un-
til a new nuclear plant is ordered—the most
difficult prospect of all.

“I would love, before I retire, to build an-
other nuclear plant. But I’ve got to go to in-
vestors and say, ‘Would you lend me a cou-
ple billion dollars? But you won’t get any
return for at least five years. And during that
five years there’s going to be another election.
Maybe there will be a different administration.
Maybe that administration won’t support nu-
clear power. Also during that five years some-
thing’s going to happen to natural gas prices:
Are they going to go up? Are they going to go
down? What happens if they go down?’ And
all of a sudden what looks economical today
or two years from now isn’t economical.”
Sellman said.

“These are very tough issues. It’s hard to
convince someone to invest a couple billion
dollars.”

First, operate safely
Early in his presentation, NRC commis-

sioner Merrifield said he believes that the fu-
ture of the nuclear industry hinges not on cor-
porate decisions about new plants, but on the
safety of the existing fleet of reactors: “Nei-
ther the NRC nor the industry can allow the
headlines about new plants to distract us from
maintaining the safety of the current fleet, nor
can we permit ourselves to lose momentum
on the important regulatory improvement ini-
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tiatives that are under way.” Merrifield sug-
gested some initiatives that can maintain safe-
ty while enhancing the economic value of
plants, and then discussed the threats to a
plant’s safety culture and the economic value
of public confidence.

License renewal is “clearly” at the forefront
of the industry’s efforts to enhance the eco-

nomic value of its
plants, Merrifield said.
“My message to li-
censees considering
license renewal is that
the recipe for success
is quite clear: Develop
sound programs for
managing plant aging,
submit renewal appli-
cations that are of the
highest quality, and
ensure that license re-

newal does not distract your staff from main-
taining the operational performance and safe-
ty of your plants.”

Plants can also enhance economic value
through power uprates, which are the least
costly means of increasing power generation.
The NRC has approved approximately 2000
MWe of power uprates, Merrifield said. Based
on information provided by the industry, he
noted, the NRC anticipates that licensees will
pursue uprates totaling 8000 to 12 000
megawatts in the coming years.

“In your quest to get more value from your
generating assets, don’t jeopardize their fu-
ture,” Merrifield cautioned. “You must ensure
that engineering analyses are sound, safety
margins are well understood, and plant relia-
bility is not challenged. . . . Anything short of
this amounts to false economics.”

In the area of threats to a plant’s safety cul-
ture, Merrifield identified complacency as one
danger to a plant’s safety culture. “We cannot
allow ourselves to forget about the Davis-
Besse feedwater event, the fire at Browns Fer-
ry, the Millstone saga, and the extended shut-
downs of the ’80s and ’90s. . . . Complacency
is simply this industry’s worst enemy.”

Merrifield also identified ineffective cor-
rective action programs as a threat to a plant’s
safety culture. “The fact is, the history of this
industry is marred with plants that have paid
a heavy price because management failed in
its responsibility to foster a robust corrective-
action program. . . . Should the NRC staff lose
confidence that a licensee’s program is robust
enough to maintain plant safety, I assure you
our regulatory response will be swift and it
will be severe. . . . I would expect that the
competitive market will be an equally swift
regulator.”

As consolidation in the ownership of nu-
clear plants continues, the few large compa-
nies operating these plants must not become
insular, another growing threat to the safety
culture of the nuclear industry, Merrifield said.
Plant managers must never become comfort-
able benchmarking themselves only against
their organizational peers. “As I have said on
many occasions, for those who are so bold as
to believe that all of the nuclear industry’s so-
lutions, all of its best practices, and all of its

operating experience lie within your organi-
zation, I ask you this: Are you bold enough to
stake your assets on it? I hope and expect the
answer is no.”

Merrifield closed his remarks with com-
ments on the economic value of public confi-
dence. He said he found it intriguing that some
plants have public communication as a high
priority, while others do not, perhaps mistak-
enly believing that public confidence has no
economic value. “It is difficult to quantify the
economic value of public confidence. How-
ever, as those plants that have lost it can at-
test, the economic impacts associated with
restoring lost public confidence are real, they
are quantifiable, and they can be staggering.”

A new image
If there is an industry with an image prob-

lem, it is certainly the nuclear power industry.
In fact, with safety and performance well in
hand, it could be said that the public’s per-
ception of nuclear power remains the greatest
challenge for the industry.

Image also remains among the least-ad-
dressed ingredients of success for the indus-
try, which is why the comments of David

Bersoff, who provided
a makeshift seminar
on the marketing of
nuclear energy, were
particularly welcome.
An industry outsider,
Bersoff bluntly put
forth unconventional
ideas that, given the
range of reactions
from meeting partici-
pants—from laughter
to rapt silence—and

the proportion of ensuing questions from the
audience addressed to him, proved com-
pelling.

“The essence of marketing is selling. And
seldom do things sell themselves. And I can
tell you right now, nuclear power will not sell
itself,” Bersoff said. “It will have to be sold.”

Will consumers’ fears of and aggravation
with rolling blackouts and high electricity bills
trump their concerns about nuclear accidents
and spent-fuel storage? Bersoff asked. “Nu-
clear power investors are being asked to stake
a lot of money that this question will be an-
swered in the affirmative. The likelihood of
that happening will depend on three things:
how well nuclear power markets itself, how
well the antinuclear forces market themselves,
and how well other energy alternatives mar-
ket themselves. In other words . . . marketing
is going to play a very large role in the future
success of nuclear power.”

Bersoff is director of Yankelovich MONI-
TOR, an annual consumer behavior–tracking
study performed since 1971. Based on 2500
in-home interviews, the MONITOR studies
provide insight into the lifestyles, values, and
attitudes of consumers, Bersoff said. The data
are nationally representative of persons aged
16 and older.

He addressed consumer ambivalence to-
ward technology, the decline in consumer
trust of big business, and the current state of

environmental activism.
Bersoff told a story of a community that

was preparing to vote on a referendum on
whether to fluoridate the town’s water. Pro-
ponents of the referendum brought in experts
who presented data on how the fluoridation
would be safe and could decrease cavity lev-
els in the community. Opponents of the fluo-
ridation distributed leaflets with a picture of a
rat on the cover, with the words “Don’t let
them put rat poison in your water supply.”

Used in large quantities, fluoride, in fact, is
rat poison. The amount used in a water sup-
ply, however, is minute by comparison. “Un-
fortunately, this was a nuance that was appar-
ently lost on the public. And that referendum
was soundly defeated,” Bersoff said. “Basi-
cally, we saw that fear triumphed over re-
search, authority, and data.”

The nuclear industry is vulnerable to a sim-
ilar “rat poison” attack. “One of the very first
things to go is the public’s ability to appreci-
ate nuance,” he said.

More troublesome, Bersoff explained, is
consumers’ reluctance to take the perceived
risks associated with nuclear power. “The real
enemy, the real [consumer] attitude that you
have to deal with . . . is this: ‘Why take a
chance if we don’t have to? There are alter-
natives. We don’t have to use nuclear power.
Even if the risk is really, really small, why
should we do that? Why should we take any
risk at all?’

“People are very conservative. People are
very uptight when it comes to the issues of the
basic safety of their family and neighborhoods
and community.”

Nuclear power, as Bersoff had said, needs
to be sold to consumers. And a critical ques-
tion that the industry will have to address is
who is going to be the pitchman? Who is go-
ing to sell nuclear power and all its advantages
to a skeptical American public?

What makes this question difficult to an-
swer these days, Bersoff pointed out, is that
the American public is not in a very trusting
mood. Only 12 percent of people say that they
have a great deal of confidence in consumer
information provided by major corporations,
Bersoff said. Only 6 percent of people say that
they have a great deal of confidence in state-
ments made by major corporations explaining
their viewpoint on major issues.

“This does not bode well for the nuclear in-
dustry spearheading the renaissance of nu-
clear power” he said. “It doesn’t bode well
for the nuclear industry selling itself to the
public. As a matter of fact, anybody who has
anything to gain by the resurgence in nuclear
power is not going to be believed or trusted.
Anything said by those kinds of people is go-
ing to be viewed with a very jaundiced eye by
the public.... [Consumers] are too smart for
that these days.”

Bersoff observed, “If a utility tries to say,
‘Trust us. Go with nuclear power. It’s safe, it’s
wonderful, it’s cheap.’ People are going to
think, ‘What’s in it for them? Why do they
want me to do this?’”

Bersoff then listed some very precise and
compelling, if not mind-bending, examples of
potentially credible spokespersons for nuclear
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energy. “What you need is someone . . . who
goes against type. An example? The Sierra
Club. Or Ralph Nader. Or people who live
near Three Mile Island. Alaskan caribou
lovers. Oregonians in plaid shirts would also
be a good choice.” There was chuckling
among the audience, but his point was clear.

“The information that is believed the most
is information that goes against personal in-
terest. . . . You’re really going to have to get
people that are not suspect, people that you
would never expect to influence nuclear pow-
er. And it’s really going to have to come from
a source that traditionally hasn’t been associ-
ated with the industry, or maybe even an in-
stitution that has traditionally been somewhat
negative toward the industry.”

What can be done to maximize the chances
of nuclear power’s succeeding over competing
energy sources? Brand it, Bersoff said. “If you
do not brand yourself, someone is going to
brand you. And they’re not going to brand you
in a very flattering manner.”

The key to successful branding is conjur-
ing a distinctive image in consumers’ minds.
“When they hear ‘nuclear power,’ or the name
of a specific nuclear company, you want a cer-
tain image to immediately pop into their
minds. And you want that image to be sharp,
you want that image to be clear, and you want
that image to be something important to
them.”

Bersoff mentioned several examples of vi-
able and clear brand images available for elec-
tricity: assurance of reliability (“We have the
most reliable source of power”), assurance of
cleanliness (“We’re the cleanest source of
power”), assurance of a good deal (“We give
you the best price of what’s available”), or as-
surance of safety (“We’re the safest form of
power”).

“What you want is to be the most of some-
thing. . . . You need to have a clear image. You
have to be the best at something. You have to
decide what that something is. You have to
hope that that something is going to resonate
with consumers. And then you have to deliv-
er that something 100 percent. It’s clarity. It’s
branding. It’s standing for something.”

When people think of nuclear power, “you
want them to think of pristine wilderness,” he
said, showing an image of the Grand Canyon.
“You want them to say, ‘This is the power
source that protects my environment. This is
not the power source that perverts my frogs
and creates forms of life that God never in-
tended,’” he said, jokingly, after revealing an
image of a four-legged frog.

From the sudden silence in the audience
following his next comment, however, it was
clear the joke was over: “And it’s just that
simple that you could be [associated with] the
waterfall and the Grand Canyon as you could
be cornered into being considered the electric
power that is going to potentially cause frogs
to have extra legs.”

Bersoff ended by commenting, “You guys
have a really big job ahead of you. It’s cer-
tainly an exciting time, it’s certainly a heady
time. It’s quite possible—perhaps even prob-
able—that you’re going to win out over this.
But, it’s going to be a tough uphill job.

You’re going to need to be marketing fo-
cused. You’re going to need to be consumer
focused.”

Advanced reactor safety
The ANS President’s Special Session was

devoted to discussion of Safety Considera-
tions for Advanced Reactors. As the world’s
population grows and the demands increase
for sources of energy, a new generation of
nuclear reactors will need to be more eco-
nomical, more proliferation resistant, safer,
and cleaner than its predecessors. Public ac-
ceptance, too, will be increased only through
the perception of greater safety of nuclear
plants.

“Certainly as we think about public accep-
tance of nuclear energy, safety is the first is-
sue that comes to mind,” outgoing ANS Pres-
ident James Lake commented in opening the
session. “I think we have a good story today
for the public about how safely nuclear pow-
er plants are being operated around the world.

But I believe we all
recognize that we are
held to extremely high
standards for contin-
ued safe operation.”

These standards
present a challenge
for the future, Lake
noted, as the industry
strives to improve the
safety of the next gen-
eration of reactors.
Questions that must

be addressed include: Is safety strictly a mat-
ter of decreasing the probability of a reactor
accident? Would the public understand de-
creased probability? What is the role of mak-
ing reactor technology more robust? “There
are a number of issues like these that we
should be discussing now,” said Lake, “be-
cause we want to be able to convince the pub-
lic that as they accept nuclear energy in dif-
ferent places around the world, it will be safer
and safer as we go forward. I think that is re-
ally our goal.”

Gail Marcus, incoming ANS President and
principal deputy director of the Department of
Energy’s Office of Nuclear Energy, Science
and Technology (NE), talked about NE’s
goals for Generation IV reactors. These reac-
tors will be constructed “two to three decades
out,” according to Marcus. (Generation III de-
signs, which are the ABWR [Advanced Boil-
ing Water Reactor], System 80+, AP600, and
EPR [European Pressurized water Reactor],
are more likely to be constructed in the
2000–2010 time frame, with Generation III+
designs—those offering improved econom-
ics—being built from 2010 to 2030.)

A technology road map is being prepared
by NE to identify, assess, and develop ad-
vanced reactor technologies that can compete
in all markets with the most cost-efficient en-
ergy alternatives. The road map will establish
internationally recognized goals on sustain-
ability, safety, reliability, proliferation-resis-
tance, and economics for Generation IV nu-
clear plants.
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Goals for next-generation nuclear power
systems are broad rather than specific, Marcus
noted. “They are goals, not commandments,”
she stressed, “and they are not applicable to
near-term deployment.” The goals are catego-
rized into three general areas: sustainability;
safety and reliability; and economics.

Sustainability, Marcus defined, is the abil-
ity to meet the needs of present generations
while enhancing and not jeopardizing the abil-
ity of future generations to meet society’s
needs indefinitely into the future. Three goals
exist for sustainability. They are:
1. Generation IV nuclear energy systems (in-
cluding fuel cycles) will provide sustainable
energy generation that meets clean air objec-
tives and promotes long-term availability of
systems and effective fuel utilization for
worldwide energy production.
2. These systems will minimize and manage
their nuclear waste and notably reduce the
long-term stewardship burden in the future,
thereby improving protection for the public
health and the environment.
3. They will increase the assurance that they
are a very unattractive and least desirable
route for diversion or theft of weapons-usable
materials.

Safety and reliability, Marcus continued,
are essential priorities in the development and
operation of nuclear energy systems. The
three goals for safety and reliability are:
1. Generation IV nuclear energy systems will
excel in safety and reliability.
2. They will have a very low likelihood and
degree of reactor core damage.
3. They will eliminate the need for offsite
emergency response.

Economics, said Marcus, is a requirement
of the marketplace and essential for Genera-
tion IV nuclear energy systems. The two goals
for economics are:
1. Generation IV nuclear energy systems will
have a clear life-cycle advantage over other
energy sources.
2. They will have a level of financial risk com-
parable to other energy projects.

Safety, Marcus concluded, is a key element
in the consideration of future designs. In fact,
she noted, of 79 projects funded by the Nu-
clear Engineering Research Initiative (NERI)
program in the past three years, 48 of them ad-
dress safety issues.

John Flack, acting chief of the Regulatory
Effectiveness, Assessment, and Human Fac-
tors Branch of the Nuclear Regulatory Com-

mission, offered a reg-
ulator’s perspective
on the licensing of ad-
vanced reactors. The
NRC’s advanced re-
actor policy statement
was issued in the mid-
1980s and updated in
1994. The policy de-
clares that advanced
reactors are expected
to have, at a mini-
mum, the same degree

of protection as current generation reactors;
that safety margins are expected to be en-
hanced; and that simplified, inherent, passive

designs are to be used to accomplish safety
functions. “Generally, [the policy] is less pre-
scriptive and more performance-based,” Flack
said.

Some attributes that would support an ap-
plication submitted to the NRC for approval
of an advanced reactor are: reliable and less
complex decay-heat removal systems; longer
response time; simplified safety systems that
would reduce the need for complicated oper-
ator action; a reduction in the amount of
equipment subjected to severe accident envi-
ronmental conditions; designs that minimize
the potential for severe accidents; reliable bal-
ance-of-plant equipment; easily maintainable
equipment and components; reduced poten-
tial for radiation exposure; and early interac-
tion with the NRC through a pre-application
process.

The NRC today, through its Office of Re-
search, is looking at four areas where it now
is or someday will be involved in reviewing
reactor designs, according to Flack. A first de-
sign, the Pebble Bed Modular Reactor, is un-
der pre-application review. A second, the GT-
MHR, has had a request made by General
Atomics for an NRC review of its design
within the coming months. A third, IRIS, a de-
sign developed under the NERI program,
should lead to an NRC meeting with lead de-
veloper Westinghouse in the next fiscal year to
discuss pre-application. The fourth deals with
Generation IV designs, for which the NRC is
hunting for issues that would help improve its
regulatory process for when a Generation IV
application will be submitted.

Jean-Claude Gauthier, deputy director of
nuclear development and innovation of Com-
missariat à l’Energie Atomique (CEA), com-
mented that the French already are working
on making nuclear plants more economical,
safer, and sustainable by optimizing their ex-
isting fleet of reactors through license exten-
sions, improving fuel burnups, minimizing the
amount of long-lived radionuclides in waste,
and working on management of the back end
of the fuel cycle.

A French program for development of Gen-
eration IV reactors aims at mastering a tech-
nology based on a high-temperature gas-
cooled reactor, an enhanced safety system,
and a highly confining and temperature-resis-
tant fuel. “Making use of gas turbines, which
gave fossil fuel plants a decisive gain in effi-
ciency and competitiveness, would endow fu-
ture nuclear systems to also benefit from the
same advanced conversion technologies,”
Gauthier said. “The hard neutron spectrum as-
sures a highly efficient nuclear combustion ca-
pable of burning a wide variety of transuran-
ic and fertile nuclides.”

Several technologies investigated by CEA
are key to R&D and physical modeling of ad-
vanced reactors, Gauthier noted. These in-
clude the testing of metallic, ceramic, and
composite materials that have resistance to
high temperatures and fast neutron fluences.
“Fundamental research and modeling are es-
sential for breakthroughs toward innovative
concepts in the fields of fuels, structural ma-
terials, and spent fuel processing techniques,”
he said.

Yoshio Kani, director of the system engi-
neering technology division of the Japan Nu-
clear Cycle Development Institute, offered in-
sight into his research project involving a
feasibility study for a commercialized fast
breeder reactor. Kani indicated that the study
is aiming at 2005 as a date for a selection of an
FBR design to be studied, 2010 for the com-
pletion of a conceptual design study, and 2015
for preparation of a detailed design study and
the establishment of systemized technical
know-how for construction of an FBR in
Japan.

Kani explained the FBR’s safety objectives
and safety design needs, which are similar to
requirements for existing light-water reactors,
before offering his personal view of nuclear
power’s relationship with the general public.
“Nuclear energy should be recognized as a
technology that is tightly connected with so-
ciety,” he said. “It will not be able to survive
as a future energy source without societal or
public acceptance. Therefore, everyone in-
volved in nuclear engineering should have a
great interest in societal acceptance now more
than ever.”

Regarding this matter, Kani said there must
be a high safety level at the design stage of nu-
clear plants. It is especially important “to em-
ploy diverse measures and/or passive features
into the fundamental safety functions” (pow-
er control, fuel cooling, and radioactive ma-
terial containment).

In deciding to study an FBR design, Kani
said his agency had “selected the way to pro-
vide mitigation measures in order to minimize
and localize the consequences and to maintain
the containment function against the proper
range of core damage sequences, as well as
prevention measures to reduce the core dam-
age frequencies to a sufficiently low level.”

Yanko Yanev, program coordinator for the
Department of Nuclear Energy for the Inter-
national Atomic Energy Agency, presented an
overview of the IAEA’s project on innovative
reactors and fuel cycles, known as INPRO.
The project, launched in May 2001, will bring
together IAEA member states to ensure joint-
ly that nuclear power is available to con-
tribute, in a sustainable manner, to energy
needs of this new century. “When you look at
the long-term outlook for nuclear energy—
probably in the next 50 years—if one wants
to be optimistic, there are lots of optimistic
signs, and if one wants to be pessimistic, there
are also pessimistic signs,” Yanev said.

The INPRO project is under way because
the IAEA prefers to lean to the optimistic side,
Yanev said. He warned, however, that while
nuclear energy now provides about 17 percent
of the world’s electricity, it must upgrade its
annual production by more than last year’s 3
percent increase in new capacity or its share
on a global basis will drop to 10 percent by
2015, according to IAEA projections. “When
we are speaking about what meaningful role
nuclear has to play in the world, we really
have to be thinking not about [an increase of]
a couple of percent, because [an increase of]
1 or 2 percent [annually] in the world’s supply
of energy is not a meaningful role at all,” he
said.
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Instead, nuclear’s long-term role has to be
seen as substantial, and in that regard the IN-
PRO project assumes that nuclear in the fu-
ture will provide “at least above the present
contribution [of about 17 percent of the
world’s total],” he said. To fulfill this mean-
ingful role, he observed, innovative ap-
proaches will be required to address concerns
about economic competitiveness, safety,
waste, and potential proliferation risk.

Four subject areas will be studied under
INPRO:
1. Economic requirements for innovative nu-
clear technology, which includes review of the
energy market, utility structures, and generat-
ing costs; reactor fuel-cycle finance costs;
technology transfer and diffusion; and con-
sideration of supply security, supply diversi-
ty, and technology development.
2. User requirements of nuclear safety and
safety technology development, which en-
compass the compilation of fundamentals and
basic principles of nuclear safety and associ-
ated users’ requirements; review of nuclear
safety technology enhancement concepts and
approaches for innovative reactors, fuel cy-
cles, and waste management; and identifica-
tion of R&D needs for confirmation of safety
technology enhancement concepts.
3. User requirements for proliferation-resis-
tance, including identification of the attribut-
es for proliferation-resistance enhancements;
evaluation of impacts of innovative technolo-
gies on institutional arrangements; regional
safeguard arrangements; supplier arrange-
ments; safeguards costs and effectiveness;
proposals for new arrangements; and quan-
tification of proliferation-resistance.
4. Environmental requirements, which in-
volves environmental attributes for nuclear
facilities and transport; environmental attri-
butes for material flow and balance; and in-
terrelation and interconnectivity for environ-
mental attributes and requirements.

INPRO is being conducted in phases. Only
the first phase is set, and it is expected to pro-
duce a comprehensive review of end user re-
quirements for the four subject areas, includ-
ing their evolution up to 2050 and beyond. It
also will provide a selection of criteria,
methodologies, and guidelines for assisting
IAEA member states in the comparative as-
sessment of innovative nuclear power tech-
nology. The first phase will result in produc-
tion of a draft report to be released in June
2002, Yanev said.

University NE programs
The state of university nuclear engineering

programs was addressed in the session Busi-
ness Challenges in the Universities. Funding,
as always, is a problem, noted session chair
Andrew Klein, head of the Nuclear Engineer-
ing Department at Oregon State University.
Indeed, John Lee, chair of the Nuclear Engi-
neering and Radiological Sciences Depart-
ment at the University of Michigan, reviewed
the declining funding levels available for uni-
versity research reactors in the United States.
And Per Peterson, chair of the Nuclear Engi-
neering Department at the University of Cal-
ifornia–Berkeley, spoke on the experience of

developing an accredited program, an impor-
tant step in competing for the decreased num-
bers of nuclear engineering students.

Lee provided a brief overview of the uni-
versity research reactors in the United States.
Out of the 65 university research reactors
originally licensed under the Atoms for Peace
program in the 1950s and ’60s, 27 are cur-
rently in operation, with one in safe storage.
Out of the 27 operating reactors, four have a
power rating of 2 megawatts or more, and, al-
together, 12 have a power rating of at least 1
MW. Three reactors, at the University of Mis-
souri, the Massachusetts Institute of Tech-
nology, and the University of Michigan, op-
erate 24 hours a day, seven days a week; six
operate 20–40 hours each week. The disci-
plines that the reactors support include geol-
ogy, archaeology, engineering, materials sci-
ence, biotechnology, chemistry, and physics.

All is not well, however. “What really
comes across as a business challenge to our
community is the fact that total subsidy for
these 27 operating reactors, from university
administrations, amounts to somewhere
around $20 to $25 million a year,” Lee said.
Also, Cornell University recently decided that
it would likely shut down the reactor over the
next several months. And both MIT and UM
administrators have suggested that decom-
missioning plans be made, Lee said.

He mentioned the need for government
funding support, particularly for the nine larg-
er university research reactors that operate
more than 20 hours per week. Lee pointed out
that some national laboratory reactors each re-
ceive annual funds of $25–$44 million from
the Department of Energy, compared to the
$12 million for all university programs for FY
2001. The Nuclear Energy Research Adviso-
ry Committee has recommended $40 million
per year for university programs, Lee said.

“Again, last December the University of
Michigan announced plans to decommission
the reactor unless we can come up with the
federal government support, long-term sup-
port,” Lee said in closing. “MIT . . . seemed to
think that by July next year they may actual-
ly start going through decommissioning. They
had prepared a decommissioning plan a num-
ber of years ago, and they are in the process
of dusting off and upgrading the decommis-
sioning plan right now. And, in our case, a
number of us are dragging our feet with the
decommissioning plans, hoping it will not
happen. But, I don’t know how much we can
drag our feet at the moment.”

Per Peterson provided insight into his pro-
gram’s experience with being reviewed and
certified by the Accreditation Board for Engi-
neering and Technology (ABET), a group of
31 professional engineering and technical so-
cieties. ABET accredits more than 2400 engi-
neering, engineering technology, computing,
and applied science programs at over 500 col-
leges and universities.

“Coming from the nuclear field, we’re quite
comfortable with the idea of regulation and
the idea that you might want to have some in-
dependent body check and make sure that
you’re doing a very important job correctly,”
Peterson said.

He noted that other departments at his in-
stitution are less enthusiastic about the ABET
program. “You might find that some of them
consider this to be a useless exercise because

they already clearly
know what they’re do-
ing. Why have some-
one else come and
confirm it? That sort
of attitude will get
them into trouble, just
as we’ve seen in our
own industry with nu-
clear plant operators
who haven’t taken
regulation seriously. I
expect in the longer

term we’ll see everybody begin to see this as
a valuable process.”

He mentioned that the ABET program has
led them to better serve undergraduate student
needs and education, which has been neces-
sary in order to compete for students. “We
have always focused quite strongly on under-
graduate student needs and education, in part
because we’ve had to deal very aggressively
with declining undergraduate student enroll-
ment. Of course, I think that this is typical for
all nuclear engineering departments, that we
have had a very strong focus on meeting the
needs of undergraduate students.”

The foundation of the UC–Berkeley NE
ABET program is a set of objectives for edu-
cating undergraduate students. The objectives
that are set allow for greater focus on assess-
ment and continuous improvement, Peterson
said.

Besides the overall objectives of the pro-
gram, Peterson said they developed course-
by-course objectives, which are listed on the
department Web site, that are designed to sup-
port the broad goals.

There are formal processes in place to doc-
ument and periodically review the objectives.
For example, there is a program advisory
committee made up of leaders from industry,
national laboratories, and academia who meet
annually to provide feedback.

Then there is the process of identifying out-
comes, which demonstrates whether the orig-
inal goals are being met—a process Peterson
has found to be valuable. The key aspect of
the outcomes is that they must be measurable,
Peterson said. He and his colleagues devised
a list of certain abilities that students are ex-
pected to have upon completing the program.
And, as a precursor, students fill out a ques-
tionnaire at the beginning of the semester ask-
ing them if they feel they have certain pre-
requisite skills for the course.

“It’s been very interesting to do this be-
cause what you discover is that sometimes
you get a crop of students that have been bad-
ly advised, and they will check off ‘No, I don’t
have a clue about how to do this certain type
of thing,’ on this pre-quiz. And it alerts the in-
structors. Actually, our instructors really like
doing this quiz at the beginning to check and
make sure that students have the prerequisite
knowledge, because they can discover is that
in some cases the students have missed some-
thing. They can do something that’s remedial
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and then they can go and complain to the ad-
visors about the advising that the students are
getting or to the instructors of the previous
courses. You can get things fixed.”

The post-semester quiz has turned out to be
useful as well, Peterson said. At the end of the
course, the students are asked how well they
believe they understand certain concepts.
“And this has turned out to be very interest-
ing, because most of the time the students
come back and say that they got it pretty well.
And every now and then there will be one,
maybe two items where they’ll say, ‘No, this
instructor never covered this. I never even saw
it.’ And that provides useful feedback. So, it
turns out that actually making these measure-
ments provides useful information for teach-
ing better as well.”

Peterson emphasized that the ABET pro-
gram needs to be consistently tended to in or-
der for it to work. “The most important ingre-
dient is that after you succeed in getting your
accreditation, you need to keep at it and not
just quit and start up again five years later.
And that’s our intention at this point, to con-
tinue to make sure that we keep these process-
es running along. Because they turn out to be
valuable anyhow. I think that they really do
improve the quality of our education.”

Excess Pu disposition
Herb Feinroth, of Gamma Engineering

Corp., chaired the session Progress on the
U.S.-Russian Excess Weapons Plutonium Dis-
position Program, which focused on the
agreement, signed in September 2000, for the
disposition of 34 metric tons (t) of excess
weapons plutonium by each country. The
United States, however, was not the first coun-
try to get involved with Russia in this area.
France and Germany began working with
Russia on weapons plutonium management in
1992, not long after the new Russian state was
created. This cooperation led to a trilateral
agreement, which was signed in June 1998.
Canada, Japan, and the European Union are
also involved in various projects.

In describing the Russian program, Evge-
ny Kudryavtsev, head of Minatom’s nuclear
fuel cycle division, reminded the audience that
weapons plutonium disposition is primarily “a
political and financial problem, not a techni-
cal one. Technically, nearly everything is pos-
sible.” Kudryavtsev had described the Rus-
sian efforts in 1996 at an ANS meeting in
Washington, D.C. Five years later seemed a
good time, he said, to provide an update.

Kudryavtsev described the development of
plutonium fuel in the Soviet Union/Russia,
which never initiated a serious MOX fuel pro-
gram for its power reactors. Before 1980,
some MOX fuel development was undertak-
en with assemblies irradiated mainly in re-
search facilities. In 1980, a new MOX fabri-
cation facility named Paket was set up at
Mayak. It had a production capacity of 350 kg
of pelletized MOX fuel per year, which was
used in the country’s two power-producing
fast reactors, BN-350 (located in Kazakhstan
and now being decommissioned) and BN-600
(Beloyarsk). Since 1981, scientists at RIAR,
in Dimitrovgrad, have also worked on anoth-

er MOX fabrication route using a pyroelec-
trochemical conversion process and the pro-
duction of vibropacked fuel. Paket and the
RIAR facility are to produce MOX fuel for the
weapons plutonium disposition program.

Kudryavtsev also outlined the Russian pro-
gram. Under the U.S.-Russia bilateral agree-
ment, Russia will convert all 34 t of plutoni-
um to MOX fuel for use in power reactors.
The two parties also agreed that some quanti-
ties of civilian plutonium can be mixed with
the weapons plutonium during the conversion
stage to achieve a particular isotopic compo-
sition. This differs from the United States,
which plans to convert 25.6 t of plutonium to
MOX and immobilize the remaining 8.4 t in a
form suitable for disposal.

Kudryavtsev also provided cost estimates
for the planning, construction, and operation
of the plants needed to carry out the Russian
disposition program, one based on a bilateral
(Russia-U.S.) study and the other on a trilat-
eral (Russia-France-Germany) study. Ac-
cording to these, the cost is $2.1 billion and
$1.97 billion, respectively, excluding urani-
um fuel credit (estimated at $345 million).
Only about $500 million has been committed
so far, from the United States, France, Ger-
many, and the United Kingdom. The G-8 gov-
ernments were to discuss the funding issue at
its Summit in Genoa, Italy in July.

The preferred long-term strategy for Rus-
sia’s nuclear sector remains, explained
Kudryavtsev, to close the fuel cycle and use
its plutonium in a fast reactor program. It
would also be interested in selling—or leas-
ing—MOX fuel to operators in Europe, which
would be useful for increasing the rate of dis-
position of weapons plutonium. Under the
agreement with the United States, however,
Russia will not reprocess civilian fuel for the
time being.

The trilateral program was described by
Bruno Sicard, of the French Commissariat à
l’Energie Atomique. The aim, he explained,

is to develop the capa-
bility to convert Rus-
sia’s weapons pluto-
nium into MOX fuel
for use in its VVER-
1000s and BN-600. A
considerable amount
of design work has al-
ready been done for
the main elements of
the plan: the conver-
sion plant, known as
CHEMOX, which

will produce 2.3 t per year of plutonium pow-
der; the MOX fabrication plant, referred to as
DEMOX, with an output of 52 t of MOX fuel
per year; and the necessary reactor modifica-
tions to support MOX operation. DEMOX is
to use the redundant equipment from
Siemens’s MOX fabrication plant at Hanau,
in Germany, which the company was forced
to abandon before operations began, mainly
due to political pressure.

The MOX fuel is to be used at the Balako-
vo plant (four reactors) and the Kalinin station
(two reactors operating and one under con-
struction), and at the BN-600 fast reactor.

These will have to be modified, as they are de-
signed only for enriched uranium fuels. For ex-
ample, using MOX fuel in BN-600 will require
modifying the fuel storage facility to take
MOX assemblies, replacing the radial blanket
with steel and B4C subassemblies, and modi-
fying some fuel assemblies to be substituted
for fertile elements in the core. Various core
strategies are being studied, including the hy-
brid core for BN-600 (25 percent MOX) as a
stage to a full MOX core, and different load-
ings of the VVER pressurized water reactors.

Sicard also showed three different conver-
sion processes, the French CHEMOX process,
the American LANL process, and the Russ-
ian RIAR pyroelectrochemical process.

One route being developed by the Russians,
he said, is the RIAR vibropacked fuel option
to produce MOX assemblies for the BN-600.
The work is being undertaken with the sup-
port of Japan, which signed a memorandum
with Russia in September 2000. This option
is considered a possible way to reduce the cost
of the disposition program. Kiyonori Aratani,
of the Japan Nuclear Cycle Development In-
stitute (JNC), described a cost-reduction sce-
nario using this option.

The advantage of the Russian technology,
according to Aratani, is the simplicity of the
processes and equipment compared with con-
ventional aqueous conversion processes and
pellet fuel fabrication technology. Three vi-
bropacked MOX test assemblies, with about
20 kg of plutonium, are now being irradiated
in the BN-600. In the next phase, the RIAR
production facility is to be upgraded to sup-
ply fuel for the planned hybrid core (requir-
ing 40–50 MOX subassemblies per year).
Twenty-one lead test assemblies (LTAs) of vi-
bropacked fuel containing a total of 120–140
kg of plutonium are to be irradiated in the BN-
600 starting around 2004.

Under a cost-reduction scenario de-
scribed by Aratani, Vibropack fuel would
supply all the fuel for the BN-600. The
CHEMEX and DEMOX plants would then
need only to provide the MOX fuel for the
VVER-1000 reactors. This would require
an additional vibropack line, but the cost of
the other facilities could be reduced—one
of the two production lines planned for DE-
MOX could be cut and production at Paket
eliminated. A full MOX core requires 250
subassemblies per year.

In February of this year, U.S. and Russian
weapons plutonium began an irradiation cam-
paign in a Canadian research reactor as part
of a program to assess the potential of using
Candu reactors for disposition. David Cox, of
Atomic Energy of Canada Ltd., described the
Canadian program.

Cox explained that Canada’s interest in dis-
position began in 1994, when AECL took part
in a feasibility study on the use of American
produced plutonium in Candu reactors carried
out for the DOE. In 1995, he said, there were
even site studies for constructing a Candu
MOX fuel plant in the United States. In 1997,
the DOE published a Record of Decision on
the disposition program, which retained the
Candu as a backup option.

In 1995, Russia also expressed an interest,
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noted Cox, and at the 1996 Moscow Summit,
Canadian Prime Minister Jean Chrétien of-
fered to proceed with a feasibility study and
to undertake a small-scale test.

The test, called the Parallex project, is
sponsored by DOE’s National Nuclear Secu-
rity Administration (NNSA), and involves
three MOX fuel bundles, which will be irra-
diated for two to three years, Cox explained.
The fuel was fabricated at the A. A. Bochvar
Institute in Russia and at Los Alamos Nation-
al Laboratory, and was transported to AECL’s
Chalk River facility for irradiation in the NRU
research reactor.

According to Cox, Candu offers a number
of advantages. The fuel is a simple design and
the pellets are nearly the same as PWR pel-
lets. A Candu reactor can take a full MOX
core, which means that one unit can burn up
some 1.5 t of plutonium a year (the analysis
was based on the Bruce Candu reactors). An-
other advantage is that no physical modifica-
tions to the reactor core or to control and shut-
down systems are needed. It also offers
considerable flexibility. 

It would not be difficult, said Cox, to adapt
the DEMOX facility to produce Candu MOX.
Minatom has looked at the economics of in-
troducing the Candu option to complement
its main disposition program, he noted, and
believes it could reduce overall costs. A num-
ber of issues, however, would have to be
worked through, he said. The Canadian gov-
ernment has said it is willing to consider a
proposal for introducing a Candu MOX pro-
gram, which would require a Candu operator
to become involved.

NNSA’s Kenneth Sprankle described what
was to happen to the 34 t of American weapons
plutonium. For the DOE, the project has the ad-
ditional benefit of reducing its large surplus
plutonium storage costs. As mentioned above,
the United States opted for a hybrid—MOX
and immobilization—strategy. The reasons,
said Sprankle, are:
� Insurance in case one of the technologies
cannot be implemented.
� A lack of consensus on the best approach.
� The cost of doing both was not perceived
to be significantly larger than for one.
� Although antinuclear groups are strongly
opposed to the MOX option, that route pro-
vides the best opportunity for working with
the Russians on their program.

The project involves construction of three
facilities—the pit disassembly and conversion
facility, MOX fuel fabrication facility, and the
immobilization facility—to be located at the
DOE’s Savannah River Site. The pits are now
stored at the Pantex facility. The cost is esti-
mated at $6.1 billion over 22 years.

Very early on, said Sprankle, the program
ran into a funding problem. The original
schedule was based on the assumption that the
three facilities would be built at the same time.
It was soon clear that this would create a peak-
year funding problem, and the DOE doubted
Congress would sanction the budgetary re-
quest. To meet budgetary constraints, he said,
the DOE examined a number of possible ac-
tions and decided on a slightly different ap-
proach. It will focus on the MOX fuel sched-

ule and delay the design and construction of
the immobilization plant until needed. It will
also push back the construction of the pit dis-
assembly and conversion facility by two
years. The DOE is also looking at other op-
tions for cutting costs, including the use of
other facilities at Savannah River and drop-
ping the immobilization strategy. It still plans
to complete its disposition mission within the
original time frame.

Eventually, the U.S.-produced MOX is to
be irradiated in Duke Power’s Catawba and
McGuire reactors. Steve Nesbit, who is proj-
ect manager for Duke Power’s part in the pro-
gram, presented the progress of the MOX fuel
project.

In March 1999, the DOE contracted a con-
sortium, Duke Cogema Stone & Webster
(DCS), to provide MOX fuel-related services
for the disposition program. Nesbit said that
the DCS contract has three key parts:
1. Design, construct, license, and operate a
MOX Fuel Fabrication Facility (MFFF) at the
Savannah River Site; it is also to deactivate
the plant after its closure.
2. Qualify the MOX fuel.
3. Irradiate the MOX in power reactors.

The deal with DCS also includes the de-
sign, fabrication, and certification of the ship-
ping package.

DCS is taking advantage of European
MOX experience, observed Nesbit. Fram-
atome ANP has been given responsibility for
fuel design and qualification and Electricité
de France (EdF), the world’s most experi-
enced user of MOX fuel, is supporting Duke
Power. The MFFF is patterned on Cogema’s
MELOX plant in southern France.

According to Nesbit, technical and licens-
ing activities are well under way. DCS sub-
mitted the Environmental Report to the NRC
for the MFFF in December 2000, and a Con-
struction Authorization Request (CAR) in
February 2001, which was accepted for re-
view by the NRC in March 2001.

Framatome ANP has submitted a MOX
fuel qualification plan to the NRC for infor-
mation. Duke Power has been preparing the
fuel cycle plan, benchmarking it with Euro-
pean data on fuel and reactor operations. Nes-
bit said that the MOX fuel will undergo only
two cycles to keep burnup below 50 000
MWd/t, which will simplify the licensing.

One of the issues that Nesbit discussed was
the public outreach program. He explained
that as the only major nuclear power initiative
under way, the project has the attention of
many antinuclear groups. A lot of effort is be-
ing put into stirring up public unrest over the
reactors.

Nuclear security
The panel titled U.S.-Russian Nuclear Se-

curity Cooperation: Navigating the Present
Realities took place soon after the first meet-
ing of Presidents Bush and Putin in mid-June.
During the session, Anne Harrington, of the
U.S. State Department, acknowledged that the
meeting was very encouraging for future re-
lations.

According to the session chair, Nancy Hay-
den-Prindle, of Sandia National Laboratories,
this session was organized not only around se-
curity concerns, but also on how the two coun-
tries are working together to advance nuclear
technology and their nuclear power industries
in light of different political realities and per-
ceptions of how to do it.

Two members of the panel, Ambassador
Thomas Graham, Jr., now executive director
of the Lawyers Alliance for World Security,
and Vic Alessi, head of the U.S. Industry
Coalition, had participated in arms control ne-
gotiations with the Soviets over many years.
When the Soviet Union collapsed in late
1991, explained Alessi, the U.S. faced a pro-
liferation problem that was greater than ever.
It was soon clear that the Soviet nuclear com-
plex had already entered a period of steady
decay. It got much worse after 1991 as the
complex was divided among the various re-
publics, most of which were unprepared to
handle the responsibility.

Russia was struggling with the collapse of
its economy and a disproportionate amount of
the Soviet nuclear empire, including 10 closed
cities, in which hundreds of thousands of peo-
ple lived in isolation from the rest of the
world. It had no money, no credible tax col-
lection mechanism, very little understanding
of free markets, and no idea what things cost.
Minatom had complete responsibility for a
million people, and knew no way of operat-
ing except under a Soviet-style command-
control economy.

According to Graham, technology is a main
influence shaping the new U.S.-Russian rela-
tionship, which will now be governed not by
necessity, but by mutual self-interest. The nu-
clear industries have been at the vanguard of
this revolution in relations.

Maureen McCarthy, chief scientist at the
DOE’s National Nuclear Security Adminis-
tration (NNSA), gave the current DOE per-
spective on the U.S.-Russia cooperative pro-
grams. McCarthy had to speak from her office
overlooking the Smithsonian Institute in
Washington, D.C., as she was not allowed to
leave town. For the last couple of months,
McCarthy and some of her colleagues had
been reflecting on DOE activities as part of
the National Security Council–led review of
the government’s nonproliferation programs.
The review should help to identify gaps in the
programs, to understand where Russian and
American requirements are at variance, and
to develop more effective programs, she said.

McCarthy explained the reasons for sup-
porting a policy of partnership with the Russ-
ian Federation and the fundamental values on
which they are based. Those values include a
desire to reduce the threat of war, a sustained
commitment to democratic processes, a re-
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spect for human rights and rule of law, and
free and open market economies. Beyond that,
she said, “what we mostly desire to have is a
responsible and effective international part-
nership with Russia.”

The NNSA programs focus on five strategic
objectives:
1. Make the reconstitution of Russia’s nu-
clear force more difficult, time-consuming,
and detectable.
2. Reduce the potential for diversion of nuclear
warheads to rogue states or terrorist groups.
3. Reduce the potential for diversion of
weapons-usable nuclear materials.
4. Reduce the potential for diversion of nu-
clear weapons or dual-use expertise and
technologies.
5. Enhance the safety and proliferation-resis-
tance of civilian nuclear fuel cycles.

For the first objective, there are very spe-
cific things NNSA wants to do: reduce the
weapons production capacity and the size of
the work force engaged in defense work, as
well as convert and eliminate excess weapons-
usable materials and improve the transparen-
cy of facilities.

There are a number of programs that ad-
dress some of these objectives. These include
the high-enriched uranium (HEU) purchase
agreement with USEC, the Nuclear Cities Ini-
tiative, and the excess weapons plutonium
disposition program. The Nuclear Cities Ini-
tiative aims at converting the facilities in the
closed cities to open, nonmilitary scientific
and industrial uses.

The second and third objectives aim at re-
ducing the potential for diversion of weapons
and weapons-grade materials. The NNSA pro-
grams are designed to improve security and
transparency at locations where material and
weapons are stored; consolidate storage sites;
convert materials to less attractive forms; and
improve customs capabilities to detect and
prevent movement of materials. NNSA is also
working closely with the Russians to develop
a comprehensive safeguards culture within the
nuclear complex.

The particular programs covering weapons
include Materials Protection Control & Ac-
counting (MPC&A) and the Warhead Safe-
ty and Security Exchange (WSSX) for war-
head dismantlement transparency. The DOE
is also working with the Russians on a nu-
clear reactor fuel take-back program, excess
weapons plutonium disposition, and second-
line programs that are tied specifically to
customs offices to help them develop and de-
ploy technology useful for detecting poten-
tial movements of material at borders.

The fourth objective, which concerns
weapons expertise and dual-use technologies,
has been the hardest to address as a government
and as a cooperative program. For example, it
is difficult to determine what are dual-use tech-
nologies and what they are being used for, as
is illustrated by Russia’s nuclear cooperation
with Iran. One of the main goals is to facilitate
the creation of self-sustaining and full-time em-
ployment for nuclear scientists in nonweapons
activities. Another aim is to facilitate the tran-
sition of activities in the closed cities into vi-
able commercial enterprises outside the

weapons business. There is also a need to
strengthen export controls cooperation.

For objective 5, there are already many co-
operative programs involving other countries
and organizations. For a long time, the Unit-
ed States has been working closely with the
Russians to improve the nuclear safety of
power plants, develop capabilities to respond
to nuclear accidents and emergencies, and de-
velop more proliferation-resistant fuel cycles.

During the discussion, David Rossin, a for-
mer ANS President, commented that the pro-
grams seem to reflect the policies developed
during the Carter administration. Rossin re-
ferred to the “can versus will” notion, arguing
that because something can be done, does not
mean it will be done. He says that this is not a
valid basis for a policy. The answer to terrorists
is safeguards, he added, and there are ways to
safeguard the material to any assurance level
needed. Several U.S. administrations refused
to consider this approach, being concerned only
with eliminating reprocessing, he added.

Underlying this position is the idea that the
existence of any kind of plutonium is equiva-
lent to proliferation, Rossin noted, and in the
real world, this is not so. And the rest of the
world recognizes that this is a weak position,
and really does not take it seriously because
it is basically against reprocessing, Rossin
said. He expressed hope that policymakers
will come to understand this, and come up
with policies that provide a better basis for the
development of nuclear energy.

McCarthy responded by first noting that “if
we have a genuine concern about specific ma-
terials, which we have, we also have ways of
developing safeguards. We can enhance the
measures used to make sure the materials are
not accessible.” Another point, he said, is that
by incorporating safeguards into new reactor
designs to reduce the availability and accessi-
bility of materials, the industry will be far bet-
ter off than it is now.

A Russian view was given by Victor Mizin,
who is on sabbatical at the Monterey Institute
for International Studies. Mizin is concerned
that his country could become a more closed so-
ciety. Although the U.S. administration’s recent
decision to cut $100 million from the program
may not seem significant, he said it sent a very
wrong signal to Russia, where it has symbolic
importance. Of course, he acknowledged, why
should U.S. taxpayers’ money be used while
Russia is still spending billions on modernizing
its own strategic potential—e.g., on new sub-
marines, new ICBMs, and new weapons?

In Mizin’s view, the United States is ob-
sessed with plutonium, and “wants to ossify,
classify, and immobilize it.” In Russia, pluto-
nium was gained by “blood, sweat, and tears”
and probably many lives, and it is very im-
portant to the nation. Minatom would share
Rossin’s view, he added, believing that the
United States has made some dreadful mis-
takes and wants Russia to follow in its path.

According to Mizin, Russian President
Putin’s landslide victory rode on nationalism,
the nation’s anger at feeling humiliation, and
the lingering economic crisis. One of the mes-
sages was that Russia must maintain its nuclear
potential, he noted. Many within Minatom are

openly proud, he observed, that it has pre-
served the basic structures and spirit of this
Stalinist-period organized enterprise and is
very much opposed to any private ownership
initiative. Minatom used to be like a state with-
in the state, Mizin said, and now it is like an
island of socialist command economy inside a
country that is driving along the capitalist road.

Most Russian participants think the U.S.
programs are a success, said Mizin, and were
grateful for the assistance, particularly imme-
diately after the dissolution of the Soviet
Union. But as far as disarming goes, if the
United States wants that, it must pay, he added,
because Russians are not so interested.

The Nuclear Cities Initiative is the most se-
riously criticized, Mizin continued. Many citi-
zens want Russia to continue to be a great pow-
er and will resist finding alternatives for its
main military institutions, he said. Minatom
does not want to lose its people, he comment-
ed, and added that the United States should help
develop small and medium-sized businesses
that will particularly attract younger people.

Anne Harrington noted that the Bush ad-
ministration is the first one able to develop a re-
lationship with a Russia that is no longer in
transition. Psychologically, she noted, this is a
very important point. The two can now move
toward a normal relationship, not one governed
by elaborate commissions, she said, but a rela-
tionship motivated by what most people at this
meeting represent—commercial and research
interests. These will become more fundamen-
tal to their relationship, rather than exceptions.

There are, of course, many sensitive tech-
nical issues, such as plutonium, said Harring-
ton. The United States also does not agree
with Russia’s policy for exporting certain
technologies to Iran and other countries. Not
everyone agrees with the U.S. list of countries
sponsoring terrorism, she added, but that,
however, is the law.

Many of the issues have difficult technical
and safety aspects, noted Harrington. Export
controls, for example, require creating a cul-
ture that did not exist before. American indus-
try and research organizations have a role to
play here to impart that sense of responsibili-
ty that exists in the United States, she added.

Another hat worn by Graham is that of vice
chairman of Radkowsky Thorium Power
Corp., which is involved in a project that he
describes as an emerging success story in
U.S.-Russian cooperation. He said that the
company has been working with the Kurcha-
tov Institute for some eight years to develop
nuclear fuel variants based on thorium. Past
thorium fuel designs had questionable techni-
cal attributes and raised proliferation con-
cerns, he noted, but the new designs appear to
alleviate these concerns.

The advantages of thorium fuels address
three overarching global issues, said Graham:
the proliferation threat of nuclear weapons
and weapons usable fissile material; the de-
pletion of fossil fuel reserves and the impli-
cations on meeting the growth in energy de-
mand; and growing greenhouse gas emissions.

The project has funding from the DOE,
Graham said, and is managed by Brookhaven
National Laboratory. The fuel is designed for
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use in most current and new commercial light-
water reactor plants, he said, and existing fuel
fabrication lines could be easily modified to
produce the fuel. This fuel should provide sav-
ings of as much as 20 percent over existing
fuel and produce approximately 40 percent
less volume of spent fuel, reducing the cost of
spent fuel storage by approximately $1.5 mil-
lion per reactor per year, he estimated. The
waste generated is less radioactive and less
toxic per kilowatt-hour produced than current
conventional fuels, he observed, and can be
made more resistant to meltdown.

Graham noted that the concept has three
important nonproliferation benefits.
1. It would not be feasible to reprocess spent
fuel to extract weapons-usable materials,
which would be of such low volume and de-
natured and diluted by nonweapons-usable
isotopes as to be truly unsuitable for an ex-
plosive device.
2. The fuel can be an effective method for dis-
posing of existing stockpiles of plutonium and
fissile uranium, using a variant that blends this
material.
3. It would employ nuclear technicians in
Russia.

He said it is hoped that the fuel will provide
other breakthroughs. Fuel assemblies are be-
ing tested now in Russian reactors, he noted,
and a plutonium and HEU burning variant will
be tested in November.

Radkowsky Thorium Power is one of the
companies taking part in DOE’s Initiatives for
Proliferation Prevention (IPP), which was dis-
cussed by Vic Alessi, whose organization, the
U.S. Industry Coalition (USIC), represents
over 100 U.S. companies involved in com-
mercializing Russian science and technology.
With a current budget of about $25 million a
year, IPP now sponsors some 120 projects, he
noted. Each project involves a partnership of a
DOE laboratory, an institute in Russia (or an-
other CIS country), and a company in USIC.

The effort, Alessi said, involves U.S. com-
panies creating small high-tech businesses with
a Russian partner, either as a joint venture or as
a venture in which the Russians do the research
and get royalties. Once a proposal is made, it
is investigated by a U.S. laboratory to see if the
claims of the Russians are legitimate, correct,
and accurate. Then a U.S. company is nomi-
nated to work with that institute. A business re-
view is done by USIC to ensure that it is the
kind of venture that has a high probability of
success in the business world. The U.S. labo-
ratory ensures it will meet high technical stan-
dards and that the technical risk is “almost
nothing,” he observed. The U.S. partners also
make sure that the projects do not violate ex-
port controls and proliferation concerns.

Under the IPP, once a positive decision is
taken, the DOE allocates a certain amount of
money to pay Russian salaries, Alessi said.
The U.S. company must match that in kind
and cash. Usually, for every dollar invested
in Russia by the IPP, American industry in-
vests about $1.60, he noted. This is just to
take the technology from R&D, which would
already have been done, and engineer it to the
point where it is ready for production. It is
then handed over to the company to begin

capitalization and production. Alessi said that
this typically involves some tens of millions
of dollars or more, which the company has to
finance.

The thorium fuel project is expected to gen-
erate a couple hundred million dollars a year,
Alessi said, and many IPP projects have to do
with isotopes. He explained that in the United
States, it is almost impossible to build a reac-
tor or accelerator now for producing supplies
of isotopes, which is a growth market. Russia,
on the other hand, is swimming in excess ca-
pability, he noted, and is able to produce iso-
topes for all sorts of medical purposes.

National labs’ business role
Pete Planchon, director of Nuclear Tech-

nology at Argonne National Laboratory, in-
troduced the panel at the session on the Na-
tional Laboratory Business Role in Energy
Technology R&D, noting that we are living in
a world that is fundamentally changed from

when the laboratories
were created some 50
years ago. In particu-
lar, he said, the end of
the Cold War left a
very different set of
nuclear problems than
those dealt with dur-
ing the Cold War.
These and many other
issues of today, such
as energy and envi-
ronmental sustainabil-

ity, are global in nature. Generally, the labs’
roles, responsibilities, and relationships with
other organizations are having to change.

For Ersel Evans, whose career spanned in-
dustry as well as the labs (General Electric, Bat-
telle-Northwest, and Westinghouse Hanford)
and who now is a consultant, the overriding
concern is the more than a billion people living
in abject poverty. “We need to do something
about that. Otherwise, we are in deep trouble,”
he said. He said that opponents of nuclear en-
ergy are not facing up to that reality.

The future role for the labs, Evans ob-
served, is in the development of energy re-
sources and technologies. If nuclear energy is
to be available beyond the current 70-year re-
serves of uranium, substantial development
work will be needed. This includes improving
fuel designs and fuel efficiency, developing
advanced fuels and new fuels (or fuels in
which there is a renewed interest, such as tho-
rium), and researching other options, he ex-
plained.

More generally, Evans noted, national labs
must supply political leaders with information
and options. There are enough examples of
predictions that have turned out to be totally
wrong to provide proof that possibilities
should never be dropped, but need to be re-
tained, and the national labs are the vehicle for
this, he said.

Steve Aumeier, associate director of the nu-
clear development division at Argonne Na-
tional Laboratory (ANL), reminded the audi-
ence how significant the labs were in creating
the construct in which a very successful in-
dustry operates today. They were crucial in

initiating technology development, sharing
initial deployment risk, developing policy
frameworks, and setting the stage for U.S.
leadership. But in the future, he wondered,

will they become sim-
ply a technology as-
sessment arm to sup-
port the industry?

Aumeier said that
there are two funda-
mental questions that
need to be addressed
to see if the labs are to
have a role:
1. Is nuclear energy
development vital to
national security, and

to economic and societal well-being?
2. If that is the case, are there sufficient mar-
ket incentives to encourage the right level of
private sector investment in the appropriate
time frame?

There is no substitute for energy, Aumeier
said. Although it can be bought and sold like
any other commodity, it is not just any other
commodity, but a precondition for others.
This is partly why energy price shocks have
such a significant impact on the economy and
national security, he said. When prices are
raised suddenly, it takes time for productivi-
ty and output to readjust. The structure of de-
mand changes and with it employment pat-
terns, having a real and often profound effect
on individuals. Aumeier put up a graph of en-
ergy prices and the economy, which showed
that every recession over the past 30 some
years had been preceded by an energy price
shock. This is why stability in energy supply
and price is much more important than the
level of fossil fuel reserves, he observed. 

Several years ago, Aumeier noted, deregu-
lation was supposed to be the death knell of
the nuclear industry. It turned out to be one of
the saving graces, as the industry effectively
responded to the challenge. The markets,
however, do drive companies to minimize re-
serve margins, he added, and utilities are less
able to handle demand spikes, due, for exam-
ple, to sudden increases in economic activity
or weather transients. California has shown
what happens if energy cannot be bought at
any price—blackouts.

Despite events in California, Aumeier said,
electricity supply is provided by fairly stable
sources. But a third of energy demand is for
transportation, and with 60 percent of oil im-
ported, the international market is critical to
prices in the United States. This vulnerability
is set to grow, he observed, as energy demand
shifts from economically developed to devel-
oping countries.

Next, he discussed the environment. “Re-
cent evidence indicates that the climate im-
pact of CO2 is delayed by 20 to 30 years. What
we see today is a function of what we did 20
to 30 years ago. . . . The market is not good at
looking that far and does not really care,”
Aumeier said. This is where policy must take
up the slack and the national labs’ job is to
provide technology options—and not only for
this country, he added. The labs can help de-
veloping economies, where most CO2 will be
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produced in the future, to bypass the environ-
mental insults that the West introduced in its
own development process, he explained.

Whether the private sector will invest in nu-
clear energy is another matter, Aumeier said.
Nuclear power is not like other industries with
high investment risks. The pharmaceutical
and computer industries have a potentially
high payoff from their investments. Intel, for
example, invests some $3 billion to $4 billion
per year in R&D. In the energy sector, how-
ever, there are high risks, but it is not obvious
what the payoff might be, or who will actual-
ly get the benefit. Aumeier argued that an in-
vestment decision is about price and risk. The
price can be lowered to make the investment
more attractive, and risk can be lessened.
There is a potential government role here, he
noted, such as ensuring through the national
labs that there is a strategic reserve of tech-
nologies available for commercial develop-
ment. He also reminded participants, howev-
er, that the nuclear business is more about
political risk than technical risk.

Tom Sanders, manager of nuclear initia-
tives at Sandia National Laboratories, ex-
plained that about four years ago, Sandia be-
gan a study to examine the health of the
domestic nuclear power infrastructure, cover-
ing everything from education to industry.
“We were trying to establish an argument that

regardless of what had
happened there were
severe national securi-
ty implications,” he
said, “and that the na-
tional labs should be
tasked with providing
analysis and technolo-
gy options to lead the
world into the next
nuclear era, [which]
was going to occur
with or without Amer-

ican participation.”
Over the next 20 years, Sanders said, all

countries will remain dependent on the old
forms of energy, and there is no way out of it.
The supply of oil is a real security issue: U.S.
imports will continue to grow; Asian depen-
dence on Gulf oil will expand dramatically;
and the increase in energy demand is going to
take place in the developing world.

European gas supplies will be dominated
by Russia, he said, and a particular irony is
that while shutting down its reactors, Ger-
many will be buying gas from Russia with the
proceeds being used to maintain the Minatom
nuclear complex. The United States already
has a problem with natural gas infrastruc-
ture—the pipelines are full, he noted.

Nuclear energy and nuclear proliferation is-
sues remain difficult. According to Sanders,
U.S. nuclear policy has oscillated every 10
years between wanting to put the genie back
in the bottle to one where the technology was
on offer in exchange for transparency and se-
curity. The first Atomic Energy Act of 1946
was enacted to limit access. Then, in the
1950s, President Eisenhower said it was not
working and thought it best to open up access,
but to establish U.S. leadership. The result,

claimed Sanders, was the evolution of the
technology and the infrastructure for nuclear
energy’s being led by the cultural standards
set by the United States, which focused on
safety, security, and proliferation-resistance.
It also provided commercial opportunities for
U.S. industry and ensured American influence
over nuclear programs worldwide.

Today, the picture seems much more com-
plicated. At the end of the Cold War, sudden-
ly there were thousands of tons of material
available, and the mechanisms in place—no-
tably the Non-Proliferation Treaty—were not
able to handle the situation, Sanders ex-
plained. The United States went into a “buy
what we can” mode—e.g., the high-enriched
uranium purchase agreement with Russia; the
foreign spent research reactor return fuel pro-
gram; and the North Korean deal to give up
its nuclear program.

Now and in the future, said Sanders, the is-
sues of nuclear deterrence, arms control and
reduction, and proliferation prevention, as well
as those of energy security and environmental
sustainability, are matters of national security.
And there is a growing recognition that the
U.S. nuclear infrastructure must be robust to
deal with them. “We must revitalize nuclear
energy in the U.S. and the world for energy
stability,” he said. “Industry, the labs, and gov-
ernment must work together to do that.”

Sanders said that he does not think that
leadership will come from the industry. He
observed that nuclear energy in the United
States has plateaued, and if a resurgence is
left to the marketplace, nothing will happen,
at least in the short term. The government has
to start seriously investing in technologies
that focus on “stretch” goals and a holistic ap-
proach to nuclear materials management, he
noted, which means closing the fuel cycle.
Near-term goals include increasing lifetimes,
removing unnecessarily restrictive policies,
and facilitating construction of new plants. In
the long-term, Sanders said, the advantages
of nuclear power must be maximized: Close
the fuel cycle, reduce waste (he believes
80–90 percent reductions are possible), dou-
ble energy efficiencies (e.g., using high-tem-
perature reactors), and replace fossil fuels for
transportation (one nuclear fuel pellet, he not-
ed, could make enough hydrogen for 25 000
cars to go 100 miles). Certainly more can be
done to make nuclear power safer, more pro-
liferation-resistant, and more cost-effective,
he declared.

In the second nuclear era, Sanders suggest-
ed, nuclear energy will assure energy securi-
ty, provide an unlimited supply of nuclear
fuel, allow environmental goals to be
achieved, and reaffirm U.S. global leadership
in nuclear issues.

Sanders was asked how to get the public
and Congress on board. He replied that work
with focus groups suggests it may not be so
hard. Proliferation is not seen as a major is-
sue, he said, but waste continues to receive
bad press and is the one people focus on. A
transparent nuclear fuel cycle is what is need-
ed. He also noted that nuclear energy R&D
has been treated very well in Congress. The
nuclear caucus is expanding with as many

Democrats as Republicans. What is needed is
to develop an argument for the middle, he ex-
plained: “We have to build a coalition around
the middle. I do not try to explain anything to
the [antinuclear] activists. We need to quit
talking to the activists and start debating them.
We need to take them on.” For example, he
said, to eliminate nuclear weapons, “we have
to show that you cannot even do that without
a healthy domestic nuclear power industry.”

John Ryskamp, of the Idaho National En-
gineering and Environmental Laboratory 
(INEEL), gave a rundown of the Generation
IV program and the role of the national labs.

The aim of the DOE’s
Gen IV program is to
develop systems that
offer significant ad-
vances in sustainabil-
ity, safety and reliabil-
ity, and economics, he
said. The concepts ad-
dress all issues, the
front and back ends of
the fuel cycle, and
power conversion.
They should be suit-

able, he noted, for a diversity of applications,
such as hydrogen production, desalination,
and process heat, and be deployable in a wide
range of markets, sizes, etc.

Ryskamp noted that although some Gen IV
reactors, such as the Pebble Bed Modular Re-
actor (PBMR), may be deployed within 10
years, most will not be available until about
2030. Their development will require collab-
orative, long-term, high-risk R&D. The labs’
work will initially be financed through the
DOE’s Nuclear Energy Research Initiative
(NERI) and the Laboratory Directed Research
and Development (LDRD) programs (which
provide internal seed money to pursue R&D),
he said. The other parties in Gen IV, including
universities and industry, will be able to use
national labs’ facilities, such as test reactors
and hot cells for materials testing, safety ex-
periments, etc.

For the period FY 1999 through FY 2001,
he noted, a total of 69 NERI projects were un-
der way, with half led by the national labs. To-
tal funding for this period is $79 million.

To develop the program, a Roadmap group
was set up, which, over about 18 months, will
define what R&D will be needed over the next
10 years to move forward, said Ryskamp. IN-
EEL and ANL are leading the Roadmap ef-
fort, which involves 50 experts from the Unit-
ed States and 40 from the Generation IV
International Forum (GIF) made up of nine
countries (Argentina, Brazil, Canada, France,
Japan, Korea, South Africa, the United King-
dom, and the United States), plus observers
from international organizations.

A request for proposals was issued earlier
this year and some 94 concepts have been sub-
mitted, he said. These will be evaluated
against a set of goals and whittled down to
four to eight concepts that will receive R&D
funding. The final screening will take place in
April 2002, he added, and the DOE will pro-
vide the initial funding, with industry gradu-
ally taking over.
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Safety in a deregulated market
Deregulation in the nuclear industry has set

the stage for an environment where higher
levels of plant performance may be expected
because of cost- and profit-based competition.
A panel on Safety of Nuclear Power Reactor
Installations in a Deregulated Market was as-
sembled to discuss the effects of safety and
economics on successful plant operations.

Session chair Thomas Esselman, president
of Altran Corporation, noted that deregulation
has forced the nuclear industry to reevaluate
the way plants are run. Gone are the days
when costs could be directly passed on to
ratepayers. In today’s environment, a plant
must be kept in top condition within a set bud-
get, he said, because “safe and economic op-
erations are not independent, they are inter-
dependent criteria.”

With nuclear power expected to play an im-
portant role in the nation’s energy policy go-
ing forward, Esselman commented that the in-
dustry must continue demonstrating to outside
observers that its plants can be operated safe-
ly. However, he challenged, “how good, how
cheap, how available can [nuclear plants] be
without compromising” safety?

Stephen Floyd, senior director of Regula-
tory Reform and Strategy for the Nuclear En-
ergy Institute, argued that the industry always
has strived for safety perfection, regardless of
the operating market. “[NEI doesn’t] see a dis-
connect between a regulated environment, a
deregulated environment, and safety perfor-
mance,” he said. “We think all three go hand
in hand together.”

Performance measures released annually by
the World Association of Nuclear Operators
show the industry on an improvement track,
even as it travels farther into a deregulated
world, Floyd noted. Recent statistics for the
nation’s nuclear power plants reveal that un-
planned automatic scrams are down, safety
system performance has increased, license
event reports have declined, and capacity fac-
tors have risen (NN, May 2001, p. 38). In
short, Floyd reported, nuclear has never per-
formed better or been a safer industry.

With the advent of deregulation, 90 license
transfer requests since 1998 have been sub-
mitted to the Nuclear Regulatory Commis-
sion, according to Herbert Berkow, project di-
rector for the NRC’s Office of Nuclear
Regulatory Regulation. These requests have
been made to accommodate proposed merg-
ers, acquisitions, formations of operating and
holding companies, and alliances. “Deregula-
tion has been the driving force largely for nu-
clear industry consolidation,” he said.

The potential effects of deregulation on the
NRC have been assessed by the agency in its
role as regulator. In addition to consolidation,
the NRC also is expecting an increase in the
number of license-renewal applications sub-
mitted by the industry, plus the possibility of
requests for construction permits to build new
reactors. As industry statistics reflect safer
plants, so does the NRC’s own self-assess-
ment indicate it is prepared for effective reg-
ulation in a restructured environment. “The
bottom line is, with our limited experience to
date and our own preliminary assessment,

we’ve identified no need for any near-term
major changes in what we’re doing or how
we’re organized,” Berkow said.

The self-assessment has reviewed the
NRC’s activities related to plant operational
safety (such as possible cost-cutting initia-
tives, technology-related issues, and emer-
gency preparedness); licensing; inspection,
enforcement, and assessment; decommis-
sioning; financing issues (such as foreign
ownership); and non-NRC considerations
(such as grid stability).

For some of the assessed areas, the NRC’s
staff has recommended that the agency take
“no further action at this time,” Berkow said.
Other areas will continue to be monitored be-
cause not enough information has been col-
lected to make a thorough assessment of their
impacts on safety. Even in these areas, he con-
cluded, “the existing regulatory infrastructure
seems to be adequate for the time being.”

Ted Quinn, vice president of MDM Ser-
vices and a past President of ANS, noted that
in many cases those plants in deregulated mar-
kets that record the highest grades in safety are
also the most economical. “Safety is the high-
est priority because of the impact on cost that
would result from an NRC-forced shutdown,”
Quinn said. There is now, he added, “actually
a higher focus on safety than before.”

Twenty-four states have, through legisla-
tion, regulation, or a combination of both, act-
ed to restructure their electric power indus-

tries, Quinn said. Of
those states, 17 are
home to nuclear sites,
totaling 60 nuclear
units that are now in
deregulated markets.

With restructuring
comes challenges for
plant operators and
regulators, Quinn con-
tinued. These chal-
lenges for operators
include management

focus on economics, not safety; pressure on
workers to keep the plants operating (because
of volatility of electricity prices); pressure to
reduce preventative maintenance; deferral of
equipment replacements; and less investment
for safety backfits. For the regulator, these in-
clude increased workload (because of merg-
ers, license transfers, etc.); pressure to avoid
requiring shutdowns of plants; and increased
political pressure to reduce the regulatory bur-
den. Challenged also is the nuclear technolo-
gy infrastructure. According to Quinn, there
is less cooperation among competing nuclear
utilities, and less safety research and techni-
cal support for the plants.

These challenges have pushed utilities to
act more like for-profit organizations. “Plants
have adjusted cost structure to focus more on
business operations for both O&M [opera-
tions and maintenance] and capital expendi-
tures,” Quinn said.

But even in deregulation, he continued, nu-
clear plants are seen as valuable electricity
generators. They have been sold for increased
prices—Entergy purchased the James A. Fitz-
Patrick and Indian Point-3 plants in February

2000 for $536/kW, compared with the sale of
the Clinton plant to AmerGen in April 1999
for $21/kW. And, agreeing with earlier com-
ments by NEI’s Stephen Floyd, Quinn said
that statistics for 1999 from the Department
of Energy show nuclear plants in the United
States making leaps forward since 1973 in the
amount of electricity generated (more than
700 billion kWh for the first time) and capac-
ity utilization (85.5 percent, the highest level
ever).

Ronald Hagen, energy specialist for the
DOE’s Energy Information Administration,
emphasized that nuclear plants in the United
States are safe while being profitable. In the
new world of deregulation, however, to opti-
mize either safety or economics would mean
a tradeoff on the other.

Hagen explained that there is a balance of
safety and economics that each nuclear utili-
ty must control. Because profits are no longer
guaranteed, the balance would be upset by
spending more on safety, such as by adding
another redundant system, for example, which
would reduce the profit of the plant. On the
other side of the scale, cutting costs to achieve
greater profits might risk safety of the plant.

Hagen advised there are ways to safely cut
costs at plants, such as by abolishing redun-
dant rules or bringing in improved technolo-
gies. But until these methods are realized, safe-
ty and economics cannot both be improved.
“Eventually,” he said, “you get to the point
where there will be a tradeoff somewhere.”

Generation IV safeguards
Protecting advanced nuclear systems from

proliferation risks was the topic of the session
Safeguards for Generation IV Reactors. The
goal on a worldwide basis is to create safe-
guards that will increase assurances that ad-
vanced systems and fuel cycles will be unat-
tractive targets for proliferators who want to
divert or steal weapons-usable materials.

Proliferation-resistance, as defined by Per
Peterson, is the ability to detect and stop the
diversion, theft, misuse, and sabotage of nu-
clear materials, facilities, and technologies.
Peterson, professor and chair of the Nuclear
Engineering Department at the University of
California–Berkeley, works currently with an
international “evaluation and methodology
group” that is focusing on safeguards for sys-
tems, fuel cycles, and the complete life-cycle
of materials. “We want to make sure we’re not
just making one part of the system extraordi-
narily proliferation-resistant while ignoring or
neglecting another part,” he said. “We want
to have a fairly uniform level.”

The first task, though, is “figuring out what
proliferation-resistance really should be,” he
added. Ultimately, Peterson’s group wants to
do a complete assessment of the entire fuel cy-
cle and all facilities used in that cycle, a task
that for now “is completely impractical, be-
cause the concepts we’re working with have
large uncertainties associated with their de-
sign and their likely performance,” he ex-
plained. For example, many of the Generation
IV concepts don’t have fully developed fuel
cycles attached to them.
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What Peterson’s group is focusing on, then,
is identifying reactor designs that have poten-
tial to someday be built. The group is devel-
oping criteria that would be used to screen
only those systems that might be the most pro-
liferation-resistant (given that the group has
knowledge of what the systems would look
like when fully designed).

An area now under investigation by the
group is safeguarding advanced systems
through use of inherent characteristics, such
as by maintaining radiation or chemical bar-
riers to make the materials unattractive for
theft or diversion. A second area concerns
looking for Generation IV characteristics that
would aid in the timely detection of any re-
moval of materials or misuse of facilities.

A goal of the nascent National Nuclear Se-
curity Administration (an autonomous agency
within the Department of Energy) is “not to
prevent countries from producing materials
through clandestine programs. The point is to
prevent them from using civilian nuclear pow-
er systems to augment their [bomb producing]
programs,” said Jon Phillips, deputy director
of the NNSA’s newly named Office of Non-
proliferation.

Phillips discussed a metrics that NNSA
may create to measure advanced reactor safe-
guarding. The metrics, termed a “proliferation
index,” would reveal the strengths and weak-
nesses of those Generation IV systems that
likely would be the most attractive targets of
proliferators. “Somehow [we] have to be able
to roll all these [strengths and weaknesses]
into a very limited set of figures of merit,” he
said.

Comparative analysis of the advanced sys-
tems also would need to be done, which would
result in a “baseline index” that would expose
common proliferator pathways and misuse
thresholds. “To achieve proliferation-resis-
tance, all we would have to do is [see a] rise
sufficiently above those types of thresholds,
and then it would no longer be economically
practical [for proliferators] to pursue misuse
or diversion of [materials from] civilian [re-
actors],” he said.

Robert Bari, senior physicist with Brook-
haven National Laboratory, explained that the
DOE’s Nuclear Energy Research Advisory
Committee (NERAC) has performed a study
on proliferation-resistance of Generation IV
reactors and has formed a committee to pro-
duce a report, “The Technology Opportuni-
ties for Increasing Proliferation Resistance of
Global Civilian Nuclear Power Systems”
(TOPS). The report, Bari claimed, revealed
that there is no universally acceptable defini-
tion of proliferation-resistance, and that the
term “may actually elude succinct definition.”

Kory Budlong-Sylvester, technical staff
member at Los Alamos National Laboratory,
offered that there is no silver bullet to the
problem of proliferation risk, as evidenced by
the International Nuclear Fuel Cycle Evalua-
tion report and other analyses. Protection must
be done through accounting of materials and
containment or surveillance of materials, he
said.

Budlong-Sylvester noted that the industry
should strive to “evaluate fuel cycles for their

safeguardability, incorporate low-cost design
features that maximize safeguardability, and
eliminate diversion scenarios and conceal-
ment opportunities whenever possible.”

As a design principle, he continued, the
fuel cycle “should make it intrinsically diffi-
cult for a proliferator to divert material or
misuse a facility, and easy for an inspector to
meet his or her objectives of timely detection
and verification.”

While an inspector
perhaps will show up
unannounced at a fa-
cility and want to be
convinced that no
misuse has occurred, a
proliferator still will
want to achieve his
objectives. So safe-
guarding must be cre-
ative and consider all
misuse, diversion, and
concealment opportu-

nities available, Budlong-Sylvester chal-
lenged. Can the proliferator be driven to us-
ing only visible means? Can misuse scenarios
be avoided? Can seals or tamper-indicating
devices be developed? Are there relatively
few diversion scenarios that would not require
obvious design modifications?

“In the end,” said Budlong-Sylvester, “the
relative success of a fuel-cycle design . . .
could be measured by the ease in which the
technical objectives of safeguards can be met.
It seems that a facility or fuel cycle would be
more desirable if it possessed characteristics
that made it inherently easy and cheap to
achieve a high probability of timely detection
for diversion or misuse under any credible
scenario.”

Andrew Kadak, a past President of ANS
and professor of the practice of nuclear engi-

neering at the Massa-
chusetts Institute of
Technology, termed
the proliferation issue
a “political problem.”
Despite the work of
the TOPS committee
(the Task Force on
Technology Opportu-
nities for Increasing
Proliferation Resis-
tance of Global Civil-
ian Nuclear Power

Systems—which was a subcommittee of the
DOE’s NERAC) in seeking to find a technol-
ogy that can assure that no nation can make
nuclear weapons, “we can make designs of
plants so complex and costly to avoid diver-
sion that we will have missed the real threat—
the need or desire to build nuclear weapons by
a nation.”

Kadak declared that the nuclear industry
could design fuel cycles that are more prolif-
eration-resistant but are uneconomical, and it
could develop accelerator-driven systems to
eliminate plutonium or other higher actinides.
But what would have been accomplished?
“We will have made these nuclear energy sys-
tems much more complex, costly, and proba-
bly not ever used, and not stopped the making

of nuclear weapons by those nations that
choose to do so.”

India and Pakistan, Kadak continued,
through building their nuclear arsenals, have
not helped the deployment of nuclear energy
on a global scale. “Instead, they have rein-
forced the belief that there is a relationship be-
tween nuclear-generated electricity and nu-
clear bombs,” he said. By establishing
clandestine programs using research reactors
and commercial plants, India and Pakistan
“have shown that you can, if you want, make
a nuclear bomb.”

The bottom line, Kadak said, is that the in-
dustry’s focus should be only on developing
and deploying naturally safe nuclear plants.
This may mean international standards, train-
ing, and front- and back-end fuel support.
“Whatever we can do in the intrinsic and ex-
trinsic design areas to make nuclear plant sys-
tems less proliferation-prone and easier to
safeguard, we should do,” he said. “But we
should not be obsessed by nonproliferation
technical fixes since they will not deter a na-
tion from building such a weapon if the na-
tional need or will is there to do so.”

The only true safeguard, Kadak concluded,
is one in which the desire to build a nuclear
bomb does not exist.

Recruitment challenges
The session Business Challenges for the

Young Generation–I brought in perspectives
from national laboratories, universities, and
the military on how to attract young people to
the nuclear industry. Although it is a bit easi-
er now than even a few years ago, endeavor-
ing to appeal to young engineers remains a
difficult task.

“Just two or three years ago, people were
actually very worried about internships [as a
way to introduce students to the industry], be-
cause the interns would come in and the first
thing the experienced people in the industry
would do was run up and say, ‘Change your
major! Quick, get out!’” quipped session chair
Robert Margolis, of Dominion Generation Co.

“But now, with the changing times . . . peo-
ple are realizing, even with no new plants on
the civilian side, that there are another 30, 40
years left of this business, not even counting
decommissioning. And where are those peo-
ple going to come from?”

The nuclear industry has trouble attracting
young people, in part, because the on-campus
recruitment strategies of many companies in
the field often pale in comparison to those of

other industries, said
Dale Klein, vice chan-
cellor of the Universi-
ty of Texas system. “I
can assure you, as a
former associate dean
for research, where I
was looking at other
departments, the mi-
croelectronics compa-
nies are very aggres-
sive, very financially
sound, and provide a

lot of resources to the students,” Klein said.
“It’s just a tremendous difference to see the
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kinds of programs that some of the very ac-
tive oil and gas companies have. And we’re
not even close to doing the same thing in the
nuclear profession. We’re just light-years
behind that in terms of utility companies
coming on campus, the national labs com-
ing on campus, the Nuclear Regulatory
Commission coming on campus. It’s just a
stark contrast. . . .

“One of my favorite recruiting stories that
shows what happens when we do it right was
done by Sandia National Laboratories. They
had a recruiter who was assigned to the Uni-
versity of Texas at Austin. He would meet
with the master’s and Ph.D. students in the nu-
clear program every semester. So, when they
graduated, they knew him, he knew them,
they knew about Sandia. And one semester,
Sandia recruited six Ph.D.’s from our acade-
mic program.”

The lack of university funding for nuclear
engineering programs also makes it difficult
to keep some departments afloat—especially
given that within the next five years, about 80
percent of university reactors will need to be
relicensed, Klein noted. “One of the things
that we should expect over the next few years
is we will see more nuclear programs de-
creased. And the reason for that is simple eco-
nomics,” Klein said. “When you are in a
dean’s office or a president’s office and you
see the very high demand for electrical and
computer engineering [graduates], you see the
very high demand for chemical engineering
[graduates], and you have X dollars and you
have to look at where you put those dollars—
that’s one of reasons that some reactors are
being seriously challenged now as they look at
relicensing.”

Steve Trautman, director of external affairs
for Naval Reactors, described the recruitment
activities of his organization, which provides
nuclear reactor propulsion plants for the Unit-
ed States Navy.

The success of the Naval Reactors pro-
gram has been a strong selling point for
young people. “We’ve been successful in
keeping naval nuclear propulsion out there
and doing what it’s supposed to do,” Traut-
man said. “We’ve steamed over 122 million
miles. We’ve steamed over 5200 reactor
years of safe operations—that’s a little bit
more than twice what commercial nuclear
power has done in this country. And, over the
years, we’ve put out over 50 unique reactor
core designs.”

Among its hires each year, Naval Reactors
recruits more than 900 people for technical
positions, Trautman explained. About 500 of
those hires are officers who are going into
the navy to become nuclear plant operators.
The other 400 will eventually work for the
organization’s laboratories, shipyards, and
vendor base. All new hires are trained ex-
tensively, so that they are on equal footing
with everyone else, Trautman pointed out.
“For those of us who come to headquarters,
we spend about 600 hours in the first two
years just training. At the shipyard, it’s about
the same—maybe 700 hours. At the labora-
tories, it’s an extended training period over
their entire career. But, up front, to get every-

one on the same playing field, they’ll go
through a training period of quite a few hun-
dred hours.”

Trautman said that the training is expen-
sive, but that it is necessary because there are
not enough graduates coming out of the uni-
versities with the necessary backgrounds. The
training also becomes a potential means of re-
taining personnel, however. “This is the in-
vestment that we put up front, so that hope-
fully a large percentage of them will end up
staying.”

Naval Reactors attracts young people to its
program because enlisted personnel can re-
ceive more than 70 college credits for their
work. “Boy, what a deal,” Trautman said.
“They’re actually getting credit for what
they’re doing in the military. And, frankly,
they’ve got an associate’s degree when they
get out. . . . And we’re working down the same
path for the officers, where they get very close
to a master’s degree.”

The Naval Reactors program has not been
suffering from a gradual industry slowdown
like the nuclear commercial power industry
has, and so can more easily draw enterprising
young minds. Every new ship class that comes
out requires a new reactor plant design, Traut-
man said. “And, in fact, in existing reactor
plant designs, we may put a new core design
in it to get more lifetime out of it. So we are
continually and constantly working on new
plant designs. . . . We’re able to lay out in front
of folks that this is not a stagnant organiza-
tion, that we’ve got new business coming
down the road. And it’s an exciting business,
because we also are trying to be on the cutting
edge of technology.”

The greatest selling point of the Naval Re-
actors program is something that no utility can
offer. “I’m not trying to demean anyone else’s
business here, but national security still sells
with the young folks,” Trautman said. “There
are an awful lot of patriotic folks out there.
And giving them the mission of driving these
88 warships around and doing the President’s
bidding is a very good selling tool in getting
them into the program.”

A good portion of today’s engineers will be
retiring within the next decade, said John Sack-
ett, deputy associate lab director at Argonne
National Laboratory–West, who presented the
viewpoint of the national laboratories. At the
core of the need for new nuclear engineers is
the need for aging staff to pass along knowl-
edge to their incoming counterparts.

“I think we have a very limited window
here to transfer information and experience,”

Sackett remarked.
“There are too many
of us who have been
around a long time,
who won’t be around
much longer, who
need to be working
with people coming
into the field to share
what has been a great
wealth of knowledge
and understanding in
these technologies—

not all of it written down.”

The need for nuclear engineers is rapidly
outpacing the supply, Sackett said. Under-
graduate enrollment has declined substantial-
ly, decreasing by about 72 percent in the last
10 years. And enrollment in master’s pro-
grams has dropped 50 percent over the past
decade.

There are several reasons for this, Sackett
explained. First, the nuclear industry has a bad
image. It is perceived by many to be a stag-
nant and fading field, and it has been criticized
as being antienvironmental. It also has been
lacking excitement. “Effectively what hap-
pened in this last decade is the growing edge
of nuclear power and nuclear technology has
stopped. And what we hear most about is
cleanup—dealing with the problems of the
past. There is a lack of excitement in the
field,” he said.

Also, as with many other industries, nuclear
companies have been downsizing and pro-
moting from within their organizations for the
past decade, reducing the need for nuclear en-
gineers. And there has been intense competi-
tion from other technologies. “We all under-
stand the allure of computer science and the
Internet and biotechnology and bioengineer-
ing. A lot of excitement has been developing
in technologies other than nuclear, and that’s
drawn a lot of people away from this field,”
Sackett said.

The situation is not entirely negative,
though, Sackett said. “The downsizing is over.
Companies are looking to hire people. There
is the possibility that we may be able to
reestablish advanced reactor and advanced nu-
clear technology programs, going forward.

“And what is this creating? It’s creating a
significant difference between supply and de-
mand. The estimates are that we will be short
by about 100 nuclear engineering undergrad-
uates each year for the next three to five years.
Projections are always dangerous, but it cer-
tainly says that there are great and growing
opportunities ahead for people coming into
the field.”

The industry can attract young engineers by
“describing the vision for nuclear power,”
Sackett said. “Energy supply is a national and
global challenge of immense proportions. I
can’t think of a greater challenge. To me, it’s
even greater than putting a man on the moon.
It affects the economics of all nations and it is
fundamental to the quality of life. It has po-
tentially very large and adverse effects on the
environment. And it has been and will be the
source of conflicts and wars between nations,”
Sackett said.

“In my view, nuclear power is the only re-
alistic sustainable energy source, going for-
ward. If we are really going to have an impact
on our environment beneficially, with CO2
initiatives, for example, we need to look at
much greater use of nuclear power. . . . It is
truly inevitable, in my view.

“Our challenge, and what we have to chal-
lenge the younger generation to do and make
known to them, is that we have to do better
with this technology. And there are great op-
portunities out there to do so.”

Sackett closed by saying, “While we have
significant challenges ahead, I think we are as
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an industry developing a vision for the long-
term future, for developing a description for
the near-term things that need to be done.
There is increasing cooperation within the
technical community to help draw people in a
coherent way and deal with these adverse is-
sues that have plagued us for the last 10 years
or so.

“So, I’m optimistic. I’m also feeling a sense
of urgency about doing this because, unless
we can move through this period successful-
ly, I think we’re going to see another long hia-
tus before we really get back to significant nu-
clear power development beyond the systems
that we currently have.”

PI programs
A panel discussion on Innovative Public In-

formation Programs featured overviews of
several efforts to improve education of the
public about nuclear energy and enhance com-
munications. “Often, I’ve found, our idea in
the industry of what the public thinks is not, in
fact, what we find out when we conduct a re-
ally well-constructed survey,” remarked ses-
sion chair Barbara Newsom in her opening
comments. “So, as scientists, and social sci-
entists as well, I think we have a lot to learn in
this area.”

Included in the discussion were a preview
of a new Web site, an overview of a utility’s
energy information center, and a review of the
ANS teacher workshop program.

Emmy Roos, chair of the ANS Public In-
formation Committee, provided a sneak pre-
view of an upcoming Web site that provides
information about nuclear sciences to the
general public. The Web site, which is
scheduled to go on line this month, will have
a separate address from the ANS Web site,
but will be linked to it. (The Web address
was unavailable.)

As it stood in mid-June, the site was about
85 percent finished, Roos said. Tentatively ti-
tled “Nuclear Science and Technology and

How it Influences
Your Life,” the site is
divided into five sec-
tions: food, industry,
medicine, space, and
electricity. And, in the
food irradiation sec-
tion, for instance,
there will be subsec-
tions on process, types
of food that are being
irradiated, benefits/ef-
fects, safety, world-

wide application, and U.S. status.
Roos said the plans to separate the site from

the ANS Web site were in place because the
ANS Web site is geared more toward mem-
bers and less toward the general public. “We
wanted to have something that, when they go
to the Web site, they wouldn’t have scroll
through to find where the public information
is,” Roos explained. She also mentioned that
work will be done to have the site pop up at
the top of Internet search engine lists, in order
to increase its accessibility.

The information on the Web site is to be
reviewed for technical accuracy in the com-

ing months by members of several ANS pro-
fessional divisions. Roos said some prob-
lems are anticipated in determining the cor-
rect level of detail in which to present the
information.

“What the [Public Information] committee
has been trying to do is start with all the tech-
nical information available—with way too
many details—and bring it down to a level
that’s comfortable to read but is still techni-
cally accurate,” Roos said. “That’s the thing
we’re very much struggling with, to come to
a compromise. . . . We don’t want to overload
[readers] with all the technical details, or they
won’t get the point.”

There will, however, be links throughout to
sites providing more complete and technical
information, Roos said. “The point of this is
to give information to people in a very short
and precise way.”

Lauretta Kerchma-Olson provided an
overview of public information programs at
the Point Beach Energy Center, one of the
country’s newest public information facilities
sponsored by a nuclear utility, Wisconsin
Electric.

The nuclear energy public information pro-
gram at the Point Beach nuclear power plant
has existed since 1969, but has only recently
moved into a new building. Kerchma-Olson,
supervisor of the center, said that approxi-
mately 28 000 people tour the center each
year, and nearly 800 000 people have visited
over the last 32 years.

While the center has information on other
energy sources, at least half of the space is
dedicated to nuclear science. Exhibits include
a model of the containment structure, as well
as other hands-on and multimedia displays.

The following programs are among those
sponsored by the center:
� The Super Science Bowl, an annual event in
which 14 teams from local high schools com-
pete by answering energy- and science-based
questions.
� Atomic merit badge program for boy scouts,
which brings approximately 100 scouts to the
center each year.
� Various free, non-energy-related family
events, such as a model train show and a farm
toy show, which help bring people to the fa-
cility who would not otherwise come.
� Energy educator workshops, which are
scheduled during outages at Point Beach so that
teachers can be taken into the containment.

Kerchma-Olson is particularly enthusiastic
about the plant tours that are offered for the
general public. “I can’t say enough about
this. . . . We opened up the opportunity for peo-
ple to come and tour the plant about six years
ago because we wanted people to see where
we stored our used fuel.” Even though the
tours are not overly booked, she feels the op-
portunity for the public to tour the plant on the
second and fourth Wednesdays of each month
“has been a wonderful opportunity for us.”

ANS communications administrator Chuck
Vincent reviewed the society efforts to edu-
cate science teachers about nuclear energy.

ANS conducts educator workshops of two
different lengths, a 75–90 minute session,
which is aimed at national science teachers’

meetings, and a day-long session. Teachers
walk away from the sessions with a handbook
that includes a variety of information on nu-
clear science, examples of classroom activi-
ties, overhead projection masters, and a list of
equipment suppliers and relevant Web sites.
Various brochures, bookmarks, and stickers
are also provided.

The linchpin of the program, however, has
been the Geiger counters that are given to
teachers who attend the workshops. “Teach-
ers are always eager for any new equipment
they can use in their classroom,” Vincent said.
“Many schools have limited budgets and buy-
ing a Geiger counter is not on the top of their
list. But getting one of these analog instru-
ments is a strong motivator [to attend the
workshops].”

A thorium source sealed in a plastic bag is
given to the teachers along with the devices,
which were rescued from several states that
were preparing to dump them because they
could no longer store or maintain them. 

“We conducted a workshop on the first
morning of the science teachers’ convention
that was held in Tulsa about a year and a half
ago. We began the session before the meeting
itself even began,” Vincent explained. “We
said, ‘How are we going to recruit people to
come and attend our workshops?’ So we sim-
ply mailed out several hundred invitations on
a postcard telling them when the session
would be held and that they would get a free
Geiger counter. And at 8:00 in the morning,
50 teachers showed up, before the sessions
even began at the convention.

“And then in Reno, a little later that fall, we
had a room set up for 95 people. That was our
limit. They filled the room and sat on the floor.
Our final count was 180 teachers.

“So, my point here is to let you know that
this yellow box is a strong motivator for
teachers.”

Vincent said about 40 workshops were con-
ducted last year, which more than 1000 teach-
ers attended. The workshops present a tremen-
dous opportunity to reach students, as the
average middle or high school teacher has
anywhere from 60 to 125 students. “As a for-
mer teacher, I know that it tends toward the
higher end,” Vincent said. “Let’s assume that
each one affects 100 students. Well, that
would mean in one year 100 000 students
have the potential to be impacted. That’s one
year. And if those teachers are going to be in
the profession, say, two, three, four, five, six,
seven, eight, 10 years? Think of the impact
that has over the long term.

“We need to keep feeding those teachers
new ideas to keep their enthusiasm up . . . .
But it’s an ongoing impact that lasts for years.
So, if you say, ‘We trained 1000 teachers. One
hundred thousand students were impacted in
one year.’ Multiply that by 10 years. The po-
tential is enormous.”

Currently, 36 ANS teacher workshops have
taken place or are scheduled to take place this
year. And the workshop schedule typically
builds at the end of the summer, as people be-
gin planning their fall activities. “We antici-
pate conducting well over 40 workshops in the
year ahead,” Vincent said.
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A R E V I E W O F I N T E G R A T E D safe-
ty management was presented at the
opening plenary of the Eleventh An-

nual EFCOG/SAWG Workshop. This was the
first time the Department of Energy’s Facili-
ty Contractors Group/Safety Analysis Work-
ing Group conference was held in conjunction
with an ANS annual meeting—this time as an
embedded topical meeting.

The EFCOG/SAWG workshop, an annual
get-together of DOE personnel, contractors,
and stakeholders, emphasizes safe operation
and utilization of existing DOE facilities, new
programs within the DOE complex, R&D op-
erations, consolidation of strategic infrastruc-
ture, and dispositioning of older facilities.

The opening plenary, Promoting and As-
sessing an Improved Safety Culture for DOE
Facilities, touched upon what likely was one
of the most misunderstood phrases in the DOE
lexicon—“changing culture”—if only be-
cause it meant different things to different
people, according to Michael Hitchler, the
workshop’s general chair and principal of
Westinghouse Safety Management Solutions
LLC, a subsidiary of Westinghouse Savannah
River Company, which manages the Savan-
nah River Site in South Carolina. “Unless you
were working with petri dishes, no one really
could define what [changing culture] meant,”
Hitchler said.

In the past few years, however, safety cul-
ture has evolved within the DOE through two
philosophies that have helped define it. The
first is a set of core values established to map
out where the DOE complex should be head-
ed. “Our first philosophy is that we will not
start up anything until we have demonstrated
to ourselves and are satisfied that it’s truly safe
to do an operation,” Hitchler said. This differs
from the past, when the prevailing attitude to-
ward performing a task was “it’s safe because
we’ve done it for 40 years and nothing major
has happened,” he added.

While the new core values are meant to
change the way an organization thinks, they
aren’t effective unless DOE people believe
in them. This has led to the second philoso-
phy, which is the introduction of “mission-

aries” who go out into the DOE world to pro-
mote safe operations. In the end, Hitchler
concluded, “the key purpose of this confer-
ence is that we work together [to] develop
concepts and ideas . . . and that we as mis-
sionaries go back . . . and develop those [con-
cepts and ideas] in our own organizations.”

Discussing implementation of new philoso-
phies was Richard Black, a main driver in de-
veloping the Nuclear Safety Management
Rule (10 CFR 830). Black is director of the
DOE’s Office of Nuclear Safety Policy and
Standards.

The safety rule, 10 CFR 830, was defined
by Black as a regulation that explains how to
achieve safety in the DOE nuclear arena. It is
complemented by what is known as Integrat-
ed Safety Management (ISM), developed by
the DOE about four years ago to explain what
to do to achieve safety.

ISM is not a safety assessment, but is “an
intuitive thing,” according to Black, and it
means only to stop, think, and plan before ap-
proaching a job. “You define the scope of
work you’re going to do, you analyze the haz-
ards, you identify your requirements for con-
trol, you perform work safely, and you have
feedback and an improvement. It’s very, very
intuitive,” he said.

What ISM does is get creative juices flow-
ing, Black continued. “ISM is a good way of
looking at things from a different perspec-
tive,” he said.

But it does have its shortcomings, Black
admitted, such as it must be transcended
from paper to practice, and it does not pro-
vide tools to analyze hazards methodically
and systematically.

Providing a field perspective on ISM was
Beverly Cook, manager of the DOE’s Idaho
Operations Office. “What ISM has done is al-
low us to turn [group decisions on risk] back
to people who know what to do,” she said.
“We don’t have to instill a safety culture, we
have to allow a safety culture.”

Cook noted that ISM came to Idaho at a
good time, following the death of a worker
there in the late 1990s. Although the work-
force at Idaho numbers 7000, it is close knit,
and the worker’s death was seen as a loss of a
family member. “So putting in ISM, which
defines how you do work and how you help
each other and how you protect each other,
was very, very important to that workforce,”
she said.

The workforce at Idaho is independent, re-
sponsible, and driven, Cook explained. “They
are extremely interested in getting things

T O P I C A L  M E E T I N G

The Department of Energy’s safety culture
Major points from the session:

� “Changing culture” means different
things to different people.

� Safety culture has evolved within the
DOE through two philosophies.

� Integrated Safety Management has driven
improvements at numerous DOE sites.

He then explained a tactic a local section in
Ohio uses to improve attendance at the ANS
teacher workshops. Rather than simply an-
nounce they’re going to hold a workshop, they
approach the leaders of each school district to
sell them the idea. “They use the angle that the
content of these workshops is not covered in
the curriculum of any school system,” Vincent
said. “And then by presenting that information
to the curriculum specialist or for the superin-

tendent, they get their blessing, their endorse-
ment, their agreement to support that kind of a
workshop in their school system. The result be-
ing, instead of getting one or two or three teach-
ers who already have an interest in nuclear and
will come to a workshop, they get large num-
bers of teachers from school systems.”

Near the end of the session, an audience
member offered a comment to Vincent that
underlined the importance of the teacher

workshops. “What you’ve said about the in-
fluence that the schools have, I can really ap-
preciate that. In my case, one day in seventh
grade there happened to be a seminar after
school. And who in the seventh grade wants to
stay after school? But for some reason I went
to that seminar—it was on nuclear energy, nu-
clear power—and it grabbed me. And some-
how I’m still here.”—Dick Kovan, Rick
Michal, and Patrick Sinco



done. But you can destroy that attitude if you
take away from a workforce the ability to
make decisions on how work gets done,” she
said.

Once ISM was implemented at Idaho—
an 890-square-mile site—workers found
they could travel around the site and find
work procedures the same for each task to
be performed.

What ISM means to Cook is that every sin-
gle worker believes that he or she has a right
to do a job safely. “I believe this is the case”
at Idaho, she said. “I have been in more than
one meeting where someone has stopped” the
meeting to fix a faulty piece of equipment,
whether it’s a chair with a loose part, a smok-
ing speaker system, or some frayed wiring.

The bottom line at Idaho, according to
Cook, is that if something is wrong, the work-
er has the responsibility to fix it, not wait for
approval or a work order to get it done. “I re-
ally believe that this attitude can change the
safety culture, and that personal responsibili-
ty can spread throughout the whole work-
force,” she said. She related a conversation
she had with a contract worker at Idaho. What
the worker said, according to Cook, was: “We
can’t afford not to do ISM. Doing it right the
first time is cheaper than having to do it over
and over again until it is done right.”

Gail Marcus, new ANS President and prin-
cipal deputy director of the DOE’s Office of
Nuclear Science, Energy and Technology
(NE), explained that ISM is implemented at
all NE-managed facilities, which include the
Fast Flux Test Facility at Hanford; the Annu-

lar Core Research Re-
actor and the Hot Cell
Facility at Sandia; the
Brookhaven Medical
Research Reactor; the
RTG Assembly Facil-
ity at the Mound Site;
Oak Ridge’s High
Flux Isotope Reactor
and Radiochemical
Engineering Develop-
ment Center; Idaho’s
Advanced Test Reac-

tor; and Argonne–West’s Experimental
Breeder Reactor-II, Fuel Conditioning Facil-
ity, Fuels Examination Facility, Transient Re-
actor Test Facility, Zero Power Physics Re-
actor, and Fuel Manufacturing Facility. “We
get together all the managers [from these fa-
cilities] to share experiences, to give each oth-
er technical and safety feedback, lessons
learned, and accomplishments,” she said.
“This seems to be the broad link to the ISM
process.”

A philosophy similar to ISM also is prac-
ticed by the Nuclear Regulatory Commission
for its regulatory activities, by the Interna-
tional Atomic Energy Agency, World Asso-
ciation of Nuclear Operators, and by nuclear
operators in Japan, Marcus noted.

At Argonne National Laboratory, ISM is “a
way of codifying common sense,” said Adam
Cohen, director of ESH/QA (environment,
safety, health/quality assurance) Oversight at
Argonne. Workers at Argonne have a specific
“Stop Work Authority,” where they have not

only the authority, but
the responsibility to
stop a project if they
determine safety has
been compromised.
“Employee empower-
ment and communicat-
ing this authority is the
most important aspect
of ISM implementa-
tion,” said Cohen.

The ISM program
at Argonne provides a

structured approach to hazard assessment.
There is a formal checklist to ensure that all
hazards have been addressed; a pre-job brief-
ing to answer questions; procedural compli-
ance for protection; a post-job briefing to im-
prove the process; and discussion of lessons
learned to improve from others’ experiences.

Jeffrey Allison, assistant manager for
health, safety, and technical support at the Sa-
vannah River Site, called ISM “an evolution-
ary process” and “a journey” at SRS. The site,
since 1989, has been run by Westinghouse,
the first management change at SRS since
1950, so the transition was “in and of itself a
culture change,” Allison said.

ISM was implemented at SRS in the late
1990s. “One of the things we’ve found that’s
really important is senior management’s com-
mitment to safety programs throughout the

site,” Allison noted. Senior boards were put
in place. On the Westinghouse side, an ISM
executive steering committee is made up of

senior line and envi-
ronmental safety and
health management,
and chaired by the
company’s executive
vice president. So im-
portant is it to the
company that West-
inghouse’s chief exec-
utive officer sits on the
steering committee
board. On the DOE
side, an ISM board is

made up of the site’s executive technical man-
ager and other senior managers. It is chaired
by a DOE deputy manager.

“These boards are there to look at ISM
across the [SRS site], look at opportunities
for lessons learned, take the work that’s being
done at the staff level and provide direction
to those missions,” Allison said. “It’s helped
to have senior management involvement in
ISM, as well as participation at the work lev-
el, to break that middle-management layer
that sometimes results in conflicting guid-
ance. We now have a clear relationship and
seamless transition between people who are
doing the work and the senior manage-
ment.”—Rick Michal
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T H E E M B E D D E D T O P I C A L Meeting
on Safety Goals and Safety Culture
was organized jointly by ANS and the

Atomic Energy Society of Japan. The open-
ing plenary session chairman Edward D.
Fuller, of Associated Project Analysts (who
was also meeting Technical Program Co-
chair), explained the session’s aim, which was
to explore the relationship between safety
goals and safety culture, and how to imple-
ment them in a complementary fashion.

Nuclear Regulatory Commission Chairman
Richard Meserve noted that these two topics
are sometimes treated as independent, but re-
ally are intimately connected, and influence
each other. Safety goals refer to objectives es-
tablished by a regulatory agency. They reflect
the agency’s regulatory philosophy and the
approach it takes to the consideration of risk,
he noted, especially the concept of acceptable
risk. Safety culture also involves an element of
regulatory philosophy, but can encompass a

broader range of issues. While there are clear-
ly aspects of safety goals and culture that do
not bear on one another, he said, the way that
safety goals influence regulatory activities can
have an impact on the development and main-
tenance of the appropriate safety culture.

The NRC safety goals are described in the
Safety Goal Policy
Statement of August
1986. Its development
began in the wake of
the accident at Three
Mile Island-2. At the
time, probabilistic
techniques were being
developed, and, ex-
plained Meserve, this
was a first attempt by
the Commission “to
come explicitly to

grips with the integration of quantitative as-
sessment of risk into the regulatory system.”

T O P I C A L  M E E T I N G

Overviews of safety goals
and safety cultureMarcus

Allison

Meserve
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The primary issue for the NRC in developing
safety goals was to use these techniques to help
articulate a level of acceptable risk—in other
words, “to define how safe is safe enough.”

The Commission established goals to ad-
dress both individual risks and societal risks,
noted Meserve. In both cases, the Commis-
sion based its acceptable level of risk on a
comparison to other types of risks in society
from other causes, applying the rule that the
consequences of nuclear plant operation
should not result in significant additional risk
to life and health. The goals, he said, were ex-
pressed in qualitative terms and were to be
easily understood.

The Commission also expressed the quali-
tative goals in terms of individual and societal
“quantitative health objectives,” or QHOs—
which were established at 1/1000 of the risk
arising from other causes presenting the same
types of risks. These, however, were never di-
rectly reflected in NRC regulations, Meserve
said. They were promulgated to provide guid-
ance to designers and operators as to the lev-
el of safety they should strive to achieve and
to NRC staff to use in regulatory decision-
making. But the Commission made clear that
the safety goals were not meant to serve as the
sole basis for licensing decisions.

In fact, he said, the practical implementa-
tion of the Commission’s guidance proved to
be difficult because of the wide uncertainties
involved in the mathematical calculation of
risks. Instead, the NRC developed “surrogate
objectives” based on the frequency of core
damage accidents and large releases of ra-
dioactivity, which were easier to calculate. The
numerical value of 1 in 10 000 years for core
damage frequency (CDF), in particular, was
cited as “a very useful subsidiary benchmark.”
There is a downside, however, in that the sur-
rogate quantitative goals tend to skew the fo-

cus of attention to severe reactor accidents.
Another issue is that while the societal risk

is dominated by accidents that have low fre-
quencies and high consequences, the percep-
tion of risk by the public is influenced by
events of low consequences in terms of ra-
dioactive releases, but which have much high-
er frequencies. Meserve pointed to the reac-
tion to the steam generator tube failure at the
Indian Point-2 station in February 2000. This
was widely reported to involve a release of ac-
tivity to the environment, although the release
was so slight that the monitoring equipment
could not detect it. Nonetheless, said Meserve,
“there was intense public reaction to the event,
which continued for several months and only
recently tended to subside.”

Nevertheless, risk is now used as a tool
helping the NRC focus on risk-significant ac-
tivities, he noted, thereby enhancing safety
and reducing needless regulatory burden. The
NRC is clearly moving in the direction of
more reliance on quantitative tools and goals.

Safety culture is a much broader and, per-
haps, less clearly defined concept. Meserve
pointed out that the elements of safety culture
include management emphasis on safety as
the highest priority; training of all staff at all
levels to ensure that each employee under-
stands his or her responsibilities for ensuring
safe operation; conservative, safety-conscious
decision-making; a philosophy of continuous
improvement, including critical self-assess-
ment and a questioning attitude; and, when a
problem arises, willingness to address it
promptly and effectively. Most important,
perhaps, is the fostering of a safety-conscious
work environment, one in which plant staff
feel they can (and do) raise concerns without
fear of adverse consequences, he added. All
of these attributes work together to establish a
climate that nurtures high safety performance.

The NRC’s own safety culture can have an
impact on a licensee safety culture, according
to Meserve. Overregulation has the potential
of robbing the licensee of a sense of owner-
ship of safety performance of the plant, which
can degrade licensee performance. Underreg-
ulation has its own obvious set of perils.

During questioning, Meserve spoke about
the original hopes tied to safety goals. “The
goals set in the 1986 policy statement were
clearly aimed at trying to tell the public what
we were aspiring to do,” he said. But, he con-
tinued, what had started out as a goal to pro-
vide a philosophy to enable the public to un-
derstand what the regulator was about has
turned into an analytical tool applied by ex-
perts. It seems that the public is not so much
concerned with the overall accident perfor-
mance, but of the reduction in the margins.
Slight slipups get reported, he said, and the
NRC soon thereafter receives congressional
letters of concern. Expectations are higher.
The adage “no good deed goes unpunished”
is relevant here, noted Meserve. As perfor-
mance improves, expectations grow. “There
is a risk trade-off that the public does not ap-
preciate,” he said.

Shojiro Matsuura, chairman of Japan’s
Nuclear Safety Commission, and also Gen-
eral Co-chair of the meeting, said that his
country is 15 years behind the NRC in set-
ting formal safety goals. But a lot has
changed since the JCO criticality accident in
1999, which greatly damaged the public’s
trust in nuclear activities.

Japan became interested in setting safety
goals soon after the NRC did, said Matsuura,
but without early results. Following the JCO
accident, however, a nuclear safety white pa-
per was published, he said, indicating that
safety goals should be “the ultimate objective
of safety assurance activities” and required
the Commission to formulate a general “safe-
ty goal,” which considered worldwide trends
and takes account of PSA studies in the in-
ternational community. The NSC also exam-
ined the importance of the “image” of the
safety goal to public attitudes, Matsuura not-
ed, and added that NSC believes that the safe-
ty goal will contribute to developing a com-
prehensive nuclear regulatory system and
encourage discussions on safety based on the
concept of risk.

In September 2000, NSC decided to establish
a Special Safety Goal Committee, which started
up in January with Prof. Shunsuke Kondo, of the
University of Tokyo, its first chairman. Accord-
ing to Matsuura, the 21 members nominated
cover a wide range of activities, including spe-
cialists (in reactor engineering, environmental
engineering, biology, human science, and ju-
risprudence), as well as the news media, con-
sumers groups, labor unions, etc. This was done
because the safety goal must be widely accept-
ed by Japanese society.

The implementation of the safety goal will
be quite comprehensive, he observed, re-
quiring changes in the regulations and guide-
lines and the use of additional measures, in-
cluding PSAs, particularly in developing
new designs.

Major points from the session:

� Safety goals and safety culture 
influence each other.

� Japan is 15 years behind the U.S. 
NRC in setting safety goals.

� Even the best operated plants can 
learn from a peer review.

� Russian licensing procedures began 
just in 1993.

� An ongoing plant risk profile 
contributes to safety culture.

Continued



Matsuura focused on two particular issues
that he considered the most important for es-
tablishing the safety goal. The first is the so-
cial acceptance of the concept of risk. This in-
cludes risk perception, which is an issue of
public knowledge and understanding, and risk
acceptance, which is an issue of public confi-
dence. The second issue concerns safety as-
surance and safety culture.

Safety culture is dependent on the cultural
background of society and is based on histo-
ry, environment, customs, etc. Human organi-
zation in Japan developed what Matsuura
called a “shame culture,” over-conformity to
the group, and a homogeneous, paternalistic,
and exclusive community. He pointed to the
landscape of Japan, which he said was created
by more than 2000 years of rice paddy farming,
as being the result of this organization. Char-
acteristics such as selfless devotion and soli-
darity can have a positive effect on safety, but
there are also negative effects, such as sys-
tematic violation of rules and concealing of
problems. Stark examples include the Monju
fast reactor fire of 1995, which was not a ma-
jor accident, but the ethos of the culture at the
plant led to the concealing of information,
while the JCO criticality accident, which killed
two workers, demonstrated a systematic vio-
lation of rules. The national culture has an im-
portant influence on safety culture, said Mat-
suura: “We have to create a good combination
of positive aspects of the Japanese ethos, then
we can have a strong safety culture.”

When the World Association of Nuclear
Operators (WANO) was formed in 1989,
many operators had no contact with plants in
other regions of the world, and often little
meaningful exchange with plants in their own
region. While focusing particularly on help-
ing operators in Eastern Europe gain from the
experience of the West, few would have pre-
dicted the extensive level of sharing that takes
place today among nuclear utilities through-
out the world. Ryosuke Tsutsumi, director of
the Tokyo Center of WANO, described two
particular programs of the organization that
help in maintaining and improving safety and
safety culture: Operating Experience and Peer
Review.

The Operating Experience program alerts
members to events that have occurred at oth-
er plants, enabling them to take appropriate
actions to prevent event recurrence. By the
end of 2000, more than 1500 event reports
were posted on the WANO Web site. The pro-
gram has identified human performance as a
key issue, and WANO has developed a train-
ing course on Improving Human Performance
that has been conducted at many utilities.
“The human can dismantle all or many of the
defenses or barriers leading to incidents,” said
Tsutsumi. “Therefore, this is one of the steps,
which help improve the safety culture in
plants.”

He noted that experience has shown that
even the best operated plants can learn from a
Peer Review, which has the added benefit of
passing on experience to the team members
themselves to take back to their own compa-
nies. With some 100 Peer Reviews complet-
ed, the two management issues identified as

needing action were that managers do not
spend sufficient time in their plants, and when
they are there, do not correct improper prac-
tices; and that management expectations are
not clearly established, communicated, un-
derstood, or reinforced.

A general lesson learned, Tsutsumi noted,
is that safety culture is very vulnerable. No
matter how hard plant people work, he said,
once they think their plant is safe, in that in-
stant, the safety of the plant starts decaying.
“Let me remind you that safety culture is a
daily thing, and can never be completed,” he
observed.

A contribution from Russia was presented
by Alexander Gutsalov, the State Secretary,
First Deputy Chairman of Gosatomnadzor
(GAN), the country’s nuclear safety regula-
tor. Since coming into existence following
the disintegration of the Soviet Union, GAN
has had to develop and improve regulatory
and legal documentation for nuclear activi-
ties, establish licensing and inspection pro-
cedures, and create an oversight capability.
Licensing procedures began just in 1993, he
said, and will take many years to implement
at all sites. GAN works to international stan-
dards, following safety concepts such as the
separation of responsibility, openness, and
transparency. A strong safety culture is also
an important element.

Various policy statements have been issued
dealing with regulation, licensing, safety
goals, and other issues, Gutsalov added. The
last policy statement stated that the regulato-
ry requirements for the use of PSAs should be
established. He noted that the U.S. Nuclear
Regulatory Commission is assisting.

The final talk was given by Harold Ray, ex-
ecutive vice president, generation, at South-
ern California Edison Co. To approach the
topic, he posed the following question: Is it
possible to have a successful safety culture
without providing visibility to the achieve-
ment of safety goals?

With a sufficient number of prescriptive
and deterministic requirements, he noted,
safety can be maintained in most instances, as
it has been over the last 25 years. Few people,
however, had any idea how much such re-
quirements actually contributed to safety,
“and even fewer cared,” he mused. The results
were periodic, and sometimes spectacular,
lapses. This also meant a significant waste of
resources, he observed.

Ray expressed his
belief that this ap-
proach also results in
a mindless (or even
cynical) “compliance
with requirements”
culture. This is not to
say compliance is not
important. The man-
agement of SCE’s San
Onofre Nuclear Gen-
erating Station strives
to make clear its high

nuclear safety expectations, which include
compliance as a top priority. One reason for
that, he said, is that the public cannot be ex-
pected to understand that some amount of

noncompliance may be okay because it is not
safety significant.

But the question posed is what value the
visibility of the achievement of safety goals
has in the safety culture being promoted, Ray
noted.

Quantitative nuclear safety goals are im-
portant in this respect, he said. Core damage
frequency is used most often, although other
measures are applied as well. At San Onofre,
the use of quantitative safety goals in the day-
to-day operation of the plant is pervasive. Ac-
cording to Ray, since 1994 when this ap-
proach started, the goals have changed as
more and more features are included in the
monitoring of safety performance. In 1997,
only internal event initiators were included.
In 1998, shutdown and transition-to-shutdown
modes were added, and since 1999, external
events, including seismic and fire, have been
included. “These quantitative goals repre-
sented an assessment of how well we were do-
ing in operating the plant from a safety per-
spective,” he said.

Keeping track of “how well we are doing”
in meeting safety goals and carrying out oth-
er assessment procedures (such as IPEs) led
to changes in plant design, configuration, and
work processes that have been beneficial to
safety. None, Ray said, were driven by regu-
latory requirements.

It has also been possible to reduce unnec-
essary requirements, Ray continued, when it
could be shown that they are very small con-
tributors to safety. The plant has also in-
creased allowed outage time for some main-
tenance activities where it made sense. He
noted that with more reasonable outage times,
applied on the basis of safety significance, a
much healthier attitude toward safety devel-
ops among the workers, resulting in the iden-
tification and resolution of more potential
problems.

San Onofre has been using a safety moni-
toring tool since 1994, said Ray. It provides a
risk profile over any interval of time for dif-
ferent plant configurations and has a lot of
triggering mechanisms to indicate high risks.
It is a very informative tool and helps make
the safety goal achievements visible, he not-
ed, contributing strongly to safety culture as
a result.

Ray showed an actual risk profile taken dur-
ing a refueling outage that was followed by a
forced outage at Unit 3 due to a breaker fail-
ure and fire, resulting in considerable damage
and a long outage. There was a loss of offsite
power during the fire, which is the highest risk
of all. As the levels of risk drive the compa-
ny’s worker reward system, it had an impact
on their earnings. Workers do not need any
other measure to be aware of the implications
of safety, and this has become very much an
embedded part of the culture as a result.

Ray said that overall, there has been an 85
percent reduction in the calculated core dam-
age frequency at San Onofre over the years,
which have come about as a result of measures
the plant was motivated to take by looking at
the risk profile. None of them, he pointed out,
resulted from any regulatory requirements im-
posed on the plant.—Dick Kovan
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