ANS/ENS WINTER MEETING

] Meetings e

Commemorating—and advancing—
the philosophy of Atoms for Peace

HIS YEAR'S ANS/ENS Interna-
| tional Winter Meeting continued
commemorations of the 50th an-
niversary of President Dwight D. Eisen-
hower’s momentous “Atoms for Peace’
speech at the United Nations and looked
forward to the next 50 years, under thetitle
Nuclear Technology: Achieving Global
Economic Growth While Safeguarding the
Environment. Reflecting Eisenhower’s in-
ternational vision for nuclear energy, this
ANS meeting—held jointly with the Euro-
pean Nuclear Society, with cooperation
from the Nuclear Energy |Institute—heard
from leaders throughout the world who are
working to ensure that the future is not de-
nied the great benefits of nuclear energy.

The meeting was a'so held in conjunction
with the Embedded Topical Meeting: Glob-
al 2003—Atoms for Prosperity: Updating
Eisenhower’s Global Vision for Nuclear
Energy.

The meeting had more than itsfair share
of highlights, not least being the backdrop
of New Orleans. Delegates were al so priv-
ileged to hear Rudol ph Giuliani, the charis-
matic former mayor of New York who
showed on September 11, 2001, and in the
days following the terrorist attacks what
real leadershipis. Before then, Giuliani had
made his mark |eading the renaissance of
New York City.

New York was also featured in the sec-
ond main speech of the plenary session,
given by Ed Tirello, who told members
about developments on Wall Street that
could sabotage plans for building new nu-
clear plants. It made uncomfortable listen-
ing, but reminded the audience that thereis
never room for complacency.

Before introducing the speakers, chair-
man John McGaha, of Entergy Nuclear,
was able to open the meeting on ahigh note,
announcing that this was aready arecord-
setting conference, with over 1400 prereg-
istrations. McGahawent on to say that this
meeting does not just look at the issues
from atechnical standpoint. “If we are to
meet the world’s growing need for devel-
opments in all areas—medical, agricultur-
a, space, energy supply, etc.—we must
deal with issues of public perception, in-
vestor confidence, and policy-making.”

Global 2003 general chair Y oon Chang,
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Major points of the plenary:

(1 * If you can’t communicate, you will fail”

[1 A future of opportunity, responsibility

1 “ Relentless preparation” for emergencies

[1“ There are new financial risks out there”
[] Tell the story for new baseload

of Argonne National Laboratory, noted that
thelast timethe Global conferencewasheld
inthe United States, asmall fragile U.S. nu-
clear energy research budget had just
reemerged after being mostly stripped from
the previous budget. The fate of research
has changed substantially since then. To-
day, he said, “we are truly in a new era
thanks to the vision and leadership of our
DOE.” Theinternational advanced reactor
program, Gen-1V, ismoving from planning
torea research, he noted, and the advanced
fuel cycleinitiative providesavision of nu-
clear energy that has not been seen for some
time. He added that even NASA has
jumped on the bandwagon, declaring nu-
clear power to be an “enabling technology
for future space exploration.”

Greta Dicus, the honorary general chair,
took the opportunity to give “my biggest
thanksto you the nuclear industry.” She ex-
plained that since sheisno longer an NRC
commissioner, she could now say what she
liked. What shethen said was: “Y ou are the
proof of the viability of this technology,
whether it be the power plant, R&D, nu-
clear medicine, whatever . . . you have
shown that this technology, which can be
hazardous, is safe because you have made
it safe and you ought to be applauded for
that. | have no doubt you will continue.”

Dicus, now amember of the Internation-
a Commission on Radiological Protection,
had one piece of advice, reminding the au-
diencethat “no matter how technically suc-
cessful you are, if you cannot communicate,
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you will fail.”

The theme of communication was taken
up by the next speaker, Entergy Corp. Pres-
ident Donald Hintz, who is also chairman
of the Nuclear Energy Institute. For the past
50 years, the industry has had its ups and
downs, said Hintz, “but nothing compares
to the drastic change we experienced on
Sept 11, 2001.” Communicating to a pub-
lic feeling somewhat uncertain, scared, and
skeptical became even more important for
businesses of all kinds, he said. For nuclear
professionals, the “trust me” mode would
not answer the public’ sgrowing “ show me’
demands on safety and operational excel-
lence. Nuclear’ s opponents are very savvy
about public relations, hewarned. They or-
ganize sophisticated and high-profile cam-
paigns and other various media strategies
to voice nuclear’s perceived problems.
“They understand the nuclear industry,” he
said, “and their agendaisto eliminate it.”

So, how does this industry not only sur-
vive but thrive in this environment? “We
must rely on you, the nuclear profession-
as, morethan ever.” Armed with thefacts,
the best way to defend the industry, he said,
is through dialog, openness, and account-
ability. Thisis how the message that nu-
clear energy is safe, green, and avital part
of the nation’ sand the world' s el ectric sup-
ply will be clearly heard. In the next 50
years and beyond, Hintz said, the industry
has the opportunity to help this planet sup-
port a population that will double by mid-
century and to sustain this world with its
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environment and its economy not only in-
tact, but enhanced.

“l believe,” said Hintz, “the coming
decades represent not only an opportunity
for our industry, but aresponsibility to play
an even greater rolefor bringing light where
there is darkness, food where there is
hunger, prosperity where there is poverty.
We in the nuclear industry believe that we
are up to the task, in the spirit with which
we responded to President Eisenhower’s
leadership a half-century ago.”

Introducing Giuliani at the plenary ses-
sion, McGaha observed that from dealing
with terrorist attacks to cleaning up the
streets, the former mayor had “worked tire-
lessly to pass New York City to the next
generation, better and more beautiful than
it was before he entered office.” Faced with
some formidabl e challenges of itsown, En-
tergy Nuclear engaged the mayor and his
firm, Giuliani Partners, to advise on securi-
ty and emergency planning issues. Their
collective foresights in preparing for the
“what-ifs,” said McGaha, “will provide us
with afountain of knowledge and experi-
ence, a fountain we plan to share with our
local, state, and federal law enforcement
and emergency planning partners.”

Leadership from Giuliani

Giuliani, whose theme was |leadership,
said that some of thelessons he haslearned
dealing with emergencies will apply to the
nuclear industry. New Y ork City, he noted,
has already been through airplane crashes,
building collapses, hostage situations, sub-
way derailments, blackouts, all different
kinds of crime, and other types of terrorist
attacks. The city authorities and its emer-
gency services, he said, had practiced for
every scenario they could think of, includ-
ing a simulated airplane crash and a seran
gas attack at the World Trade Center. De-
tailed computerized emergency plans and
instructions were in place, explaining who
would do what, and how they would do it.

Despite the efforts made to anticipate all
types of emergencies, Giuliani said, author-
ities did not expect airplanes to be used as
missiles crashing into buildings and killing
thousands of people. “We were in unchart-
ed territory and had to make up our response.
And we did. We had no other choice.”

Afterwards, he realized that it would be
wrong to say they were unprepared. Actu-
aly, they handled the event extremely well
precisely because of all the preparation
done. It involved “refashioning” what was
aready prepared. “We had done the plan-
ning for all of the elements. . . . So our re-
action was not spontaneous. It was a very
heavily rehearsed reaction.”

The cornerstone, he said, for dealing with
emergencies is “relentless preparation,”
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which is also hisfirst principle of |eader-
ship. Theother five principles helisted were
strong beliefs, optimism, courage, team-
work, and communication.

For describing strong beliefs, Giuliani
used Ronald Reagan and Martin Luther
King, Jr. as models. Reagan knew what he
stood for. He developed his principles over
many years, not just for the election. His
ideas were not popular early on. But this
waswho he was and he stuck with his prin-
ciples. King believed in nonviolence. He
studied the works of Ghandi and others, de-
veloped the concept, communicated it, and
became a great |eader.

As for optimism, Giuliani simply noted
that people respond

two areas, when he became the president,
where he went and found a very experi-
enced team, “about the most experienced
there had ever been.”

As for communication, Giuliani said,
“you do this by doing the other five things
and thenreaching out . . . to people.” Mem-
bers of the public, he said, “do not want
structured answers, they want honest an-
swers.” He added that if you have strong
corebeliefs, if youtrain yourself to think in
terms of solving problems, not just repeat-
ing them, if you have courage to deal with
risks, if you prepare, so you really know
what you aretalking about, and if your team
works well, you will be able to communi-

to solutions to their
problems, not the
continual words of
warning of how dif-
ficult the situationis.
Theother sideistry-
ing to distort public
opinion, hesaid, and
focuses entirely on
risk. Rather than
dealing with therisk
part of nuclear pow-
er, he advised spend-

As for optimism, Giuliani
simply noted that people
respond to solutions to their
problems, not the continual
words of warning of how
difficult the situation is.

ing 75 percent of ef-
fort on putting forward the optimistic
message of the value of nuclear energy,
what it contributes, and how critical it isto
the American economy, safety, security,
and position in the world. When talking
about risk, he advised talking about the risk
of power shortages. The recent blackout in
the Northeast probably helped more than
anything else in creating new ground for
discussing the need for nuclear power.

By courage, he said he did not mean
fearlessness. If afire fighter is not fright-
ened when going into a burning building,
said Giuliani, heisinsane, not courageous,
meaning that it is the management of fear
that allows achievement of the objective.
Infact, fear iscritical to courage. Without
being afraid, he said, a person cannot dis-
play courage, which is properly under-
standing the danger (risk) and then mov-
ing forward. That is how nuclear power
should be discussed, he added. The risks
are small and they can be ameliorated,
managed, and reduced so that the great re-
wards can be attained.

On teamwork, Giuliani emphasized a
number of points. First, “being aleader is
not about you, it is about everyone else.”
A leader also has to know his weaknesses
and is able to go out and get help with
those—and listen to those people. An ex-
ample he gave was George W. Bush. Asa
governor, he had little to do with either
foreign affairs or the military. These were
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cate the message honestly and effectively.

Onefina point about communication and
leadership. “ Y ou have to love people to be
an effective leader. You have to care for
them.” Thisis, hesaid, what he saw in Pres-
ident Bush on hisfirst visit to Ground Zero
on Sept 14, 2001.

Risks from Wall Street

For the past three years, Ed Tirello, the
next speaker, worked on the investment
banking side and is now amanaging direc-
tor and senior power strategist for Beren-
son and Co. He said hisaim at the meeting
was to describe developments on Wall
Street that the nuclear industry must be
made aware of. There are new financial
risksout there, he said. “1 think they can be
managed, but you are going to have to take
thetimeto do it and you are going to have
to start right now.”

Tirello first described some of the utility
risks. While the spent fuel storage risk has
“hopefully” been resolved, he said, regula-
tory risk is coming back. Not from the Nu-
clear Regulatory Commission or the Fed-
eral Energy Regulatory Commission, but
from state regulatory commissions. Many
companies expected that deregulation
would alow themto cover their costsand in
thefuture expected to do very well. Thishas
not happened and deregulation is starting to
be reversed. Utilities are now having to go
back to state commissions and the con-
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frontation is not easy. State commissions
are rooted in local priorities made up of
“grass roots’—type people who listen very
attentively to the voters and the governor.

longer to complete than gas-fired units, are
alot moreinvolved, and require more over-
sight, Tirello observed. Inthe old days, alot
of information was available and communi-

cation between the

There is now a new group of
people with no experience of
nuclear projects, which take
longer to complete than
gas-fired units, are a lot more
involved, and require more
oversight,Tirello observed.

groups was easy.
This has changed,
particularly after the
spate of scandalsin
the financial market.
The government has
set up rulesintended
to ensure that much
more information is
available than be-
fore, but they have
actually worked in
reverse. The amount
of information avail-
able to analysts is

And there is arising tide of ill-informed
people opposed to nuclear plants. “And
they have nothing better to do. This has to
be nipped in the bud.”

Utilities are now finding it very difficult
to finance their operation, with some being
forced into bankruptcy and many otherson
the brink, he said, and added that Duke
Power’ s stations are now worth only 20 per-
cent of what they were when they were
built. Everyoneishoping that priceswill go
up, but right now they are not, he declared.
Furthermore, there are 130 000 MWe of
power plants up for salein this country. In
2002, 62 power plants were sold, of which
only two did not have contracts. Most of the
plants now for sale have no power purchase
contracts and are not worth anywhere near
what they cost to build.

Tirello said he believed that this glut
would soon be absorbed. Unfortunately, he
noted, people are short-sighted, and nobody
is building forward. By 2004, 200 000
MWewill be 40 years old, abig proportion
of which are coal plants. In 2008, he reck-
ons that shortages will appear again.

The question is, what will the new base-
load power plants be? There isn’'t enough
gas, nor will solar and wind be able to do
enough. It is either going to be new coal
technology and/or nuclear, he predicted.
The answer, he added, should be both—but
now isthetimeto start doing something in
order to get that answer.

Tirello then explained the dramatic
changes in Wall Street, which “were not
positive.” During the last round of con-
struction in the 1970s, he said, therewasin
place a group of analysts who understood
the nuclear industry, investment bankers
who knew how to invest in it, and a capital
market that was behind it. It all wastied to-
gether. The regulators were also behind it.
Everyone wasin sync.

But those people are not there any more.
Thereisnow anew group of peoplewith no
experience of nuclear projects, which take
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60-70 percent less
than before, he noted. Utilities are afraid to
say anything other than what they say ina
conference call. New rules prevent bankers
from talking to analysts, without someone
from the legal department present. And if
therules are broken, they can go tojail. So
people are just not talking.

Another troublemaker has also come on
the scene, Tirello explained: the hedge
funds. These make money by shorting
stock, meaning that bad news is good for
them and good newsisbad. They also have
the smartest analysts on Wall Street, he
added. “To keep informed, they will call up
the NRC 50 timesaday, they will call every
state commission, they call every environ-
mental [group]. They will talk to every-
one. . .. They know every aspect of what a
company is doing. Their ability to make
money dependson it.”

What they then do, Tirello said, is short
the stock and go public with their story.
They will call up the Wall Street analysts
and say what the analysts missed, Tirello
said. They will call up the newspapers and
therating agencies. They dothat all thetime,
he noted. They are a very potent force that
is basically making money on the negative.

As for the other analysts, who are now
mostly independent of financial ingtitutions,
they may know very little about nuclear
power, but are still relied upon by the
bankers, Tirello observed.

Itisgoing to bevery tough, he said, mak-
ing a case to these different groups, partic-
ularly asthe connectionsthat were there be-
fore in research, banking, capital markets,
etc., are no longer there. The answer isthat
probably the biggest education job ever will
have to be undertaken, identifying theright
people, and speaking to them—not once or
twice ayear at some big forum, but al the
time, Tirello stressed. He suggested that the
industry create “a mobile education group
of industry and company experts’ that will
go out and talk to these people on aregular
basis, pumping out the story. If placing an
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order for something two or three yearsfrom
now isdesired and the publicisnot primed,
it never will succeed, Tirello predicted.

His message is that the industry should
put areal global educational program to-
gether, covering both financial and engi-
neering issues, to tell the story about why
nuclear plants are the answer to new base-
load. “ Otherwise, you are doomed.”

Atoms for Peace: Update

The ANSENS Presidents’ Special Ses-
sion: From Atoms for Peace to Atoms for
Prosperity was held only weeks before the
50th anniversary of President Eisenhower’s
celebrated speech before the United Na-
tions. “Eisenhower’s words laid the foun-
dation for our organization, our profession,
our entire industry,”
said ANS President
Larry Foulke during
his opening remarks.
“1 believe he would
be proud to know
that today we livein
a world of nuclear
science and technol-
ogy, and its wonders
are till increasing.”
Foulke If theindustry isto
keep itswonders growing, it will eventual -
ly need to build new power plants in the
United States. The Department of Energy’s
nuclear energy director Bill Magwood pro-
vided an update on the effort to build those
new plants. “Nothing is more important,
when we look at the challenges facing us
today, asthe breaking through of what | call
the ‘next plant barrier,”” Magwood said.
“Much like the sound barrier of the 1940s
and '50s, the next plant barrier is a psy-
chological barrier as much as it is a
technical barrier. We
are going to have to
overcomeitif thenu-
clear industry is go-
ing to come back in
this country.”

The DOE estab-
lished the Nuclear
Power 2010 program
as a joint effort be-
tween government
and industry to iden-
tify sitesfor new nuclear power plants, de-
velop new technologies, and demonstrate
the new regulatory processesin order to de-
ploy anew nuclear power plant in the Unit-
ed States by the end of the decade. Mag-
wood pointed out that as part of the
program, the DOE completed scoping stud-
ies for two commercial sites and several
federal sites more than ayear ago. The de-
partment has a so developed abusiness plan
that has become a starting point for many
of the congressiona discussions on financ-
ing new nuclear power plants, Magwood
said. And three early site permit applica-

Magwood
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tions have gone forward under the Nuclear
Power 2010 program. “That’s an accom-
plishment when you think where things
werejust afew years ago,” he said.

Y et much more work needs to be done
before anew plant can be built. Thelicens-
ing process is still slow, Magwood noted.
And the next task for the program, to
demonstrate the one-step licensing process,
is“the hard step, quite frankly,” he said.

Magwood then informally announced
that the DOE would soon begin seeking ap-
plicationsfrom theindustry to partner with
the department on licensing activities for
new nuclear power plants. The solicitation
will be open for oneyear, an unusually long
amount of time, “but we think it’'s impor-
tant to give industry plenty of time togeth-
er to create the teams necessary to move
forward to do this,” he said, adding that pro-
posals will be considered on a first-come,
first-served basis. “We will not wait for
everything to come in before we make se-
lections. We'll review the proposal s asthey
come in. We're very anxious to move for-
ward with this next step.”

Closing the fuel cycle

Jacques Bouchard, head of the Nuclear
Energy Division of the French Atomic En-
ergy Commission (CEA), is “deeply con-
vinced” that nuclear energy will continue
to play amajor rolein the 21st century and
beyond. But in order to do so, the fuel cy-
clesof next-generation technology must be
closed—for greater sustainability, public
acceptance, and progress for humankind,
“following the route President Eisenhower
opened 50 years ago,” Bouchard said.

In France, removing plutonium from
spent fuel and recycling it has been consid-
ered atop priority for some time. A pluto-
nium recycling strategy was implemented
in France on an industrial scale ailmost 20
years ago, Bouchard noted. A second pri-
ority in France has been the removal of mi-
nor actinides, to help reduce the impact of
nuclear waste on the environment. He not-
ed that these strategies have met with pub-
lic acceptance of nuclear energy in France.

“Based on the feedback from stakehold-
ers, including the most knowledgeable
members of the French parliament, CEA
can assert that implementing partitioning
and transmutation of actinides—reducing
the toxic lifetime of ultimate high-level
waste from tens of thousands to hundreds
of years—would certainly change political
and public attitudes toward the feasibility
and acceptability of HLW [high-level
waste] disposal,” Bouchard said. “Public
acceptance is aprerequisite for nuclear en-
ergy development,” he added.

Despite the overall unsuitability for use
in nuclear weapons of plutonium from
light-water reactors, the plutonium should
nonetheless be burned as soon as possible
after its extraction from spent fuel,
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Bouchard said, as France has been doing.
“We consider that from the nonprolifera-
tion point of view, it is better to burn plu-
tonium than to keep it in store,” he said.
Proliferation-resistance for the so-called
Generation |V technologies, which arein
the infancy of design, will be critical to
maintaining the attractiveness of nuclear
power. It comes down to simply designing
systems that are as
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through closing the nuclear fuel cycle. He
said going back centuries, Japanese people
have had a strong instinct for recycling.
“During the Edo period in Japan [roughly
the 17th through mid-19th centuries], iso-
lated from other civilizationsfor afew cen-
turies, Japanese people created a recycling
society centered on agriculture. We have a
strong sense of thriftiness and of hating to

intringcally unattrac-
tiveaspossible, from
a proliferator’s per-
spective, Bouchard
said. “ Some charac-
teristics [of Genera-
tion IV systems] are
certainly interesting
regarding nonprolif-
eration, such ashigh
fuel burnup, the full
actinides recycling
process,” Bouchard

Fujii-e said that opposing
global warming, poverty, and
what he called ‘““the nuclear
menace’ are the goals

of the next 50 years for
nuclear energy.

said. “These inte-
grated systems—with compact recycling
technologies, remote handling, with mini-
mization of transports—should obviously
facilitate theimplementation of external de-
tection techniques and controls, strengthen
physical protection, and restrict the acces-
sibility to the nuclear materials. The capac-
ity for safeguarding the systems should thus
be taken into consideration.”

Such systems will continue to bein line
with the principles of President Eisenhow-
er's Atoms for Peace speech, which called
for an international agency to conduct ver-
ifications to be sure no country isdiverting
knowledge or nuclear materials for the
wrong use.

Devastation to peace

Since the founding of the Japan Atomic
Energy Commission (JAEC), Japan has
adopted a strong position on the peaceful
use of nuclear energy and nonproliferation,
said Yoichi Fujii-e, JAEC chairman. And
despite some occasiona shakinessinworld
affairs over the past 50 years since Eisen-
hower’s Atoms for Peace speech, “it is
good news that nuclear weapons have nev-
er been used inwarsin this period,” Fujii-e
said.

“Although Japan is the only country in
the world that has experienced the tragedy
of the atomic bomb, we choseto utilize nu-
clear energy to overcome our inherited
geopolitical situation,” which, asanisland
country, hasfewer resourcesthan larger na-
tions, he said. “For Japan, the objection to
the atomic bomb is closely linked to the
peaceful use of nuclear energy on afunda-
mental level.”

Fujii-e said that opposing global warm-
ing, poverty, and what he called “the nu-
clear menace” are the goals of the next 50
years for nuclear energy. Like Bouchard,
Fujii-e also believesthis can bedonein part
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waste things. Traditionally, we made use of
al our efforts in saving and utilizing re-
sources,” Fujii-e explained. “From this
point of view, it seems to be quite impor-
tant to establish the closed nuclear fuel cy-
cle in each region to ensure a harmonized
and secure society for the people. | would
liketo stressthat the building of arecycling
society based on advanced nuclear science
and technology is essential for promoting
future Asian development.

“Japan isthe only nation that has experi-
enced the tragedy and devastation of the
atomic bomb, and we yearn to control this
power with mercy and wisdom and use it
peacefully for humankind,” he concluded.

Technical challenges

For the Technical Program Chair’s spe-
cial session, “Challengesfor Nuclear Tech-
nologiesin the 21st Century for Achieving
Economic Growth in a Safe Environment,”
Maurice Ades, of Westinghouse Savannah
River Company, introduced a distinguished
international panel, who discussed how
they saw their different specialties con-
tributing during this century.

Bernard Roche, from Electricité de France
(EdF), reminded the audience that nuclear
power isaive and does have abig future. It
aready provides 17 percent of electricity
globally, including 30 percent for Europe
and 80 percent for France, and in many
countries the costs are very competitive.

Europe’ s two main energy concerns are
energy dependency and climate warming,
said Roche. It imports 50 percent of itsen-
ergy and thisfigureis growing.

Under the Kyoto commitments, the Eu-
ropean Unionisto decrease releases of CO,,
by 8 percent below 1990 levels during
2008-2012. A recent study, however, pre-
dicted that CO, emissions will increase.

Farther into thefuture, if all nuclear pow-
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er plantsareretired after 40 years, CO, pro-
duction will increase by 4 percent. For CO,,
production to stabilize in the middle of the
century, Europe will have to build some 85
new nuclear plants, Roche declared.

While believing that a number of Euro-
pean countries should build new nuclear
units soon, EdF will not need new basel oad
or semi-baseload generators before 2020,
Roche explained. The reasons include: its
nuclear plantsarerelatively young (average
age, 17 years); with deregulation, EdF ex-
pects to lose some customers; because co-
generation has not been developed in the
country, EdF expects it will start expand-
ing; and the use of wind power will grow.

Despite nuclear’s dominance in France,
a recent poll showed that 50 percent of
French people think that nuclear power is
associated with CO, emissions. “Thereisa
lot of work to do to educate the public,”
Roche said. A lot of educating did take
place during the national debate on energy
policy carried out by the government in
2003. This public debate reveaded alarge
consensus in favor of alow-carbon econo-
my and support for strong governmental
policies to ensure this happens. Just asim-
portant, said Roche, no move against nu-
clear power was seen. The government has
aready indicated its support of new nuclear
construction, and itis likely that abill will
beintroduced in parliament to allow EdF to
order areactor. It will also try to promote a
reduction in consumption and an expansion
of renewables, which are supposed to sup-
ply 21 percent of energy needs by 2010 un-
der a European Union directive.

EdF thinks that Generation 111 reactors
will need to be built over the next two to

for the demonstration unit is the European
pressurized water reactor (EPR), in part be-
cause it has been cleared by the safety au-
thorities, said Roche, by 2015, other proven
Generation |11+ designswill be considered.
Asfor Gen |V systems, Roche said, France
is particularly interested in high-tempera-
ture reactors, notably for hydrogen produc-
tion, gas-cooled fast reactors, and sodium-
cooled fast reactors.

Radiation in medicine

Thefirst of the speakers on nonpower ap-
plications of nuclear technology was
Richard Wainerdi, president of the Texas
Medical Center in Houston, Tex. During
the first half of the 20th century, including
the immediate aftermath of the Hiroshima
and Nagasaki bombings, alarge amount of
research was done on the use of radiation
and isotopes in medicine and some appli-
cations. While this was still fragmentary
and rudimentary, Wainerdi explained, it
was starting to become clear that the effect
of radiation on the human body and other
living things was substantially different
from what was expected.

Nevertheless, the use of low-level ra-
dioactive materials in medicine thrived
from the 1940s, with many applications
possible in no other way. The accidents at
TMI and Chernobyl, however, raised ex-
traordinary fears not only of exposure, but
also of the disposal of radioactive materials
used in medicine. Thishasled to more con-
trols over the medical use of radiation, and
today, whenever an alternative exists, he
said, radiation is not chosen.

He added, however, that there continues
to be considerable development in the use
of nuclear technolo-

Machi pointed out that the
economic value of nonpower
(radiation and isotope)
applications in Japan is about
the same as power
applications, nearly $50 billion.

gy in medicine. At
the Texas Medical
Center, a very ag-
gressive program of
focused-beam radia-
tion therapy is tak-
ing place.

The technology
has advanced light-
years since radio-
therapy began us-
ing cobalt sources,
Wainerdi said. To-

three decades until Generation IV systems
are commercially available, around 2035—
2040, said Roche.

EdF wants to begin connecting new
plants to the grid from 2020 to replace the
first tranche of its 900-MWe reactors as
they reach 40 years, he added. To prepare
for this, EdF would like to have a demon-
stration plant in operation before 2012,
which means ordering one right now. The
choice will have to be for a Gen |11 plant,
as“we cannot wait for Generation |V reac-
tors,” said Roche. Although the preference
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day, advanced fo-
cused proton beam facilities are being in-
troduced throughout the United States.
These facilities provide tremendous preci-
sion with almost no damage to other tissues,
he explained. His center is building one at
acost of $125 million. Cyclotrons are also
being used for fast neutron beam therapy.
A use of nuclear technology on the edge
of medicine is forensic science. Thereisa
great interest in developing better methods
to identify materials as to age and environ-
ment. The use of advanced neutron activa-
tion analysis combined with other tech-
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niques can provide accurate trace matching
for comparison purposes. It also hasagrow-
ing role in supporting DNA identification.

Environmental and human protection

While Japan’s dependence on nuclear
power is well known, explained Sueo
Machi, senior managing director for the
Japan Atomic Industrial Forum, his coun-
try isequally committed to devel oping non-
power nuclear technologies for applica-
tions, such as environmental protection,
food safety and productivity, health, and in-
dustry. Machi pointed out that the econom-
ic value of nonpower (radiation and iso-
tope) applications in Japan is about the
same as power applications, nearly $50 bil-
lion. He began with environmental appli-
cations, describing the use of electron
beams to remove SO, and NOx from flue
gasesin coal-fired stations. He said that this
technology was first developed by JAERI
and Ebarain Japan. There arethree electron
beam plants in commercial operation, two
in Chinaand one in Poland.

Unlike conventional methods of separat-
ing these pollutants, said Machi, electron
beams remove both sources simultaneous-
ly. The same process can al so be used for re-
moving dioxins and other chemicals. A pi-
lot facility is now being used to clean waste
water at a dye factory in South Korea.

Pests reduce world food production by
25-35 percent, said Machi, which is one
reason growers use so much pesticide. The
sterileinsect technique (SIT), he explained,
is being increasingly used to control such
pests: Med flies have been eradicated in
California and several countries including
Chile, Mexico, Argentina, and Peru; tsetse
fliesand screwworm flies are two other tar-
getsfor SIT. The IAEA is studying its use
on the malaria-carrying mosquito.

Food irradiation is another technique
whose useisgrowing, said Machi. TheU.S.
government is supporting this because
thousands of people die each year from
food-borne disease, he said. Irradiated
meats for hamburgers are now sold in 5000
supermarkets. In Japan, 10 000 tons of pota-
toes per year areirradiated to inhibit sprout-
ing. Chinairradiates 100 000 tons of food
each year. Irradiation isalso used for disin-
festation instead of chemical fumigation.

The United Statesisaleader in the use of
radiation-induced crosslinking of polymers
to reduce their degradation through heat,
chemical, and stress-cracking, for products
such as heat shrinkabl e tubes, pipes, sheets,
and tires. In Japan, said Machi, radiation is
used to produce a super-high resistant sili-
con carbide fiber that is being used for the
Space Shuttle. Applications continue to be
found for this technique.

Laser-induced nuclear reactions

Joe Magill, of the Institute for Transura-
nium Elements in Karlsruhe (Germany),
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has been coordinating an international ef-
fort in so-called laser transmutation, which
promises to be an alternative method for
producing nuclear reactions. Ten to twelve
years ago, it was widely believed to beim-
possible to create a nuclear reaction using
alaser. The situation has changed dramati-
cally sincethen, and in 2000, thefirst laser-
induced fission in uranium was achieved.
In the most recent experiments, iodine-129

dine-129, a key long-lived fission product
in power reactors, has been achieved. This
was through the so-called gamma-n reac-
tion, in which a neutron is knocked out of
the 129 nucleus, creating 1-128, with a half-
life of 25 minutes.

A lot of development is needed to make
this technique commercially viable, ob-
served Magill. Vulcan provides only one or
two shots per day, each producing only 10°
fissions. A tabletop

According to Magill,

beam creates a very high-
temperature plasma that gives
rise to a beam of high-energy
electrons, which produce
gamma radiation energetic
enough to cause fission.

laser at the JenaUni-
versity, in Germany,
however, whose in-
tensity is within a
factor of 3 or 4 of
Vulcan, was able to
repeat the experi-
ments. The experi-
ment was also suc-
cessfully carried out
using a target suit-
able to create short-
lived isotopes used
in nuclear medicine.
High-energy protons

the laser

has been transmuted.

In the 1960s and 1970s, the highest pow-
er lasers were delivering about 10* watts/
cm?. In the middle of the 1980s, there was
atechnological breakthrough that made ex-
tremely high laser intensities possible. The
very first mention of using lasers to gener-
ate nuclear reactions dates back to 1988, but
it took more than a decade to achieve the
necessary intensities of 10*°-10%° W/cm?.

Previously, when alaser wasfired onto a
target surface, processeswereinitiated such
as vaporization, ionization, and some plas-
ma formation. At intensities of 10™°, how-
ever, extremely high-temperature plas-
mas—typically 1-10 MeV—are generated.
These are the temperatures “created one
second after Big Bang,” he said. In these
plasmas, electrons, positrons, gammarays,
neutrons and ions—"essentially every-
thing”—are found.

The first fission of uranium-238 was
achieved using the high-powered Vulcan
facility at the Rutherford Appleton Labora-
tory in England. Thiswas soon extended to
thorium. AsMagill put it, for thefirst time,
nuclear reactions could beinitiated without
the use of nuclear reactors or particle ac-
celerators. While scientists have been con-
centrating on inducing fissionsin actinides
and transmuting long-lived fission products,
this technique is quite general, opening up
the possibility of creating stable and vari-
ous medical isotopes. Fusion reactions are
also possible.

According to Magill, the laser beam cre-
ates a very high-temperature plasma that
givesrise to a beam of high-energy elec-
trons, which produce gamma radiation en-
ergetic enough to cause fission. Within the
last few months, the transmutation of io-
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were produced in
another experiment, which was confirmed
by spallation tests.

The challenge, said Magill, is to develop
compact and efficient tabletop lasers, which
opensup thepossibility of radiotherapy using
proton or fast neutron beams. Lasers of
10?® W/cm? are already being proposed.

Waste: Changing perceptions

Sam Kelly, president of BNFL Savannah
River Co., focused on the future of the back
end of thefuel cycle. Hequickly dealt with
reprocessing. It isnot new, he said, and the
debate for and against has gone on for a
long time. All he had Ieft to say, he ob-
served, was “ The market will decide.” If
there are customers for the back end of the
fuel cycle, it will survive, he said, if there
arenot, it will not.

Woaste, “the Achilles heel of the nuclear
industry,” is another matter. Within thein-
dustry and within informed scientific opin-
ion, Kelly explained, there are technical so-
Iutionsto all aspects of waste management.
If one looks at the risk versus benefits, this
is probably one of the cleanest energy
sources the world has ever seen, he added.
That is not, however, the opinion of the
general public, which perceives nuclear as
adirty industry, athresat to the environment,
a threat to the unborn children of future
generations. “I do not believe that is true,
and | do not believe that theindustry nor in-
formed scientific opinion believes that,”
said Kelly. “That is perception.”

Changing this perception will not be easy
dueto thegrowth of what Kelly callsthe®an-
tinuclear, regulatory, and environmental in-
dustries.” Scientists, said Kelly, generally
did not appreciate the changesin the society
that emerged from the 1960s onward. In ad-
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dition to the changing role of women, there
was “what | call the challenge to credibility
of Establishment organizations. . . . People
are now prepared to challenge authority and
Establishment figuresin society.”

The environmental movement had a ma-
jor impact on the palitical environment and
was a perfect vehicle for the antinuclear in-
dustry. “The explosion of thismovement in
turn led to an explosion of theregulatory in-
dustry,” said Kelly. Nuclear power is prob-
ably the most regulated industry the world
has ever seen in comparison with other in-
dustries that pose as much or more of arisk
to the environment and to future generations.
This has been trandated into costs. He said
theindustry submitted to thisbecauseit was
easer. He added that reprocessing and waste
were easy targets, providing “alovely warm
moral high-ground position to take.”

Kelly stated his belief, however, that the
“times are changing.” People are starting to
become aware that the catastrophic dangers
associated with the industry are not what
they were led to believe, he added. Thereis
a new recognition of the risks of energy
shortages—underlined by eventsin Califor-
nia—and energy dependency. Whether cli-
mate changeisred or not, it hasaso grasped
the public’'s attention, and “following from
the lessons of the antinuclear industry, we
would be foolish to ignore it,” Kelly ob-
served. Thedebateisnow alive, hesaid, and
afew years ago it was dead. The media are
now looking at this more positively—a sea
change has occurred, he added.

The time is right to move forward and
take proactive initiatives. He reminded the
audience that the antinuclear industry is
based on sentiment and fear, not factually
based information, and is fueled by the
communicationsindustry. Itisinthat arena
that this battle will be won, unless black-
outs help to do it sooner, Kelly said. The
tools of the communications revolution
need to be used to remove these fears and
perceptions, he added.

The MIT report

The MIT report “The Future of Nuclear
Power” wasthe subject of a Special Plenary
Session that gave panelistsachanceto com-
ment on thereport’ sfindings. Released last
July, the report found that billions of tons
of carbon dioxide emissions into the at-
mosphere could be avoided by 2050 by
drastically increasing the number of oper-
ating nuclear plants, to 1000 GWe of gen-
erating capacity, by mid-century. The best
choice to meet this expansion of nuclear
power, according to the report, “isthe open,
once-through cycle.”

Thereport found therewould be hurdlesto
building new plants, including cost issues.
“We insisted that our baseline costs would
come from experience and not from engineer
analysisand promisesof how grest it wasgo-
ing to be,” said Ernest J. Moniz, a coauthor
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of the report. (In the baseline, the costs were
6.7 cents per kilowatt hour for nuclear
[$2000/kW overnight capital cost], and about
4.2 centsfor coal and for natural gas.)
Moniz explained that the report’ sauthors
came together as ateam with one common
reference point: the need to meet global

to be competitive with coal and natural gas,
“industry must demonstrateits plausible but
unproved plans of significant reactor capi-
tal cost reduction, and the social costs of
greenhouse gas emissions need to be inter-
nalized,” he said. “In the United States, we
recommend explicitly electricity production

tax credits for a set

[T]he report found that
billions of tons of carbon
dioxide emissions into the
atmosphere could be avoided
by 2050 by drastically
increasing the number of
operating nuclear plants, to
1000 GWe of generating
capacity, by mid-century.

of first mover nu-
clear plants.”

Other recommen-
dations are that
long-term storage of
spent fuel be sys-
tematically incorpo-
rated into waste
management strate-
gies, and that waste
management R&D
be expanded signifi-
cantly. Also, thecur-
rent international
safeguards regime
must be strength-
ened to meet the
nonproliferation
challenges of the

electricity needs without emitting green-
house gases. Issues
facing the team were
the economics, safe-
ty, waste manage-
ment, and nonprolif-
eration challenges of
enabling the con-
struction of about
1000 GWe by mid-
century.

Moniz is a profes-
sor of physicsand di-
rector of energy studies and the environ-
ment at the Massachusetts Institute of
Technology. He served as undersecretary
of the Department of Energy from October
1997 to January 2001. In that role, he had
programmatic oversight responsibility for
the Offices of Nuclear Energy, Science and
Technology; Science; Fossil Energy; Ener-
gy Efficiency and Renewable Energy; En-
vironmental Management; and Civilian Ra-
dioactive Waste Management.

Moniz said it was important to note that
the team that authored the report was inter-
disciplinary, spanning four different schoals:
engineering, science, management, and hu-
manities (one member was from the Harvard
Kennedy Schoal). There also was an exter-
nal advisory panel, including environmental
groups, statesmen, and the utility and finan-
cia communities. “I think one of the major
unwritten observations from the report was
the fact that while we could not expect that
every member of that group endorsed every
recommendation, there was an amazing una
nimity among that group spanning such dif-
ferent perspectives,” he said.

Theteam knew that if nuclear power was

Moniz
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global expansion of
nuclear power. Safeguards should be im-
plemented in arisk-based framework keyed
to fuel cycle activity, he said.

Moniz added that a major international
research effort should be launched to de-
velop analytical tools and to collect scien-
tific and engineering data for integrated as-
sessment of advanced fuel cycles. In
addition, public acceptanceiscritical to nu-
clear power expansion. “We note that the
United States, from a poll we conducted,
shows the public does not yet see nuclear
power asaway of addressing global warm-
ing,” he said.

Moniz stated that baseline costs for new
construction could plausibly be cut, notably
by capital cost reduction of 25 percent; that
would resultin acost per kWh for nuclear of
5.1 cents. With thefossil fuelshaving to ded
with costs for carbon sequestration up to
about $100 a ton, “if the nuclear industry
can work down its costs, especialy capital
costs. . . it'svery competitive, especialy in
acarbon-restrained environment,” he said.

Theclean-air benefits of nuclear led to the
report’s principal recommendation, Moniz
commented, “that there is a major public
good to berecognized in providing incentives
for first mover nuclear plants,” he said. “We
view that as absolutely critical to anything
that follows.” To that end, the report recom-
mended a production tax credit structured
similarly to the wind power tax break. Such
astructure has been adopted in the 2003 Con-
gressiona energy bill conference report.

Thereport, according to Moniz, “also ar-
gued that thermal reactorswill dominatethe
gross scenario in this century” and that the
growth “should be based principally onthe
once-through fuel cyclefor several reasons,
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particularly economics and nonprolifera-
tion.” But, he emphasized, the report in no
way excludes R& D on advanced fuel cy-
cles. “Quite the contrary,” he said, “we ar-
gued for a huge increase in advanced fuel
cycle R& D—$100 million a year is what
we explicitly state.”

Ron Simard, senior director for new plant
development at the Nuclear Energy Insti-
tute, commented on two points of the re-
port—economics and public acceptance. In
his discussion with vendors, Simard found
they agree that first-
of-a-kind plants will
be in the $1500/kW
range for capital
cost, but that experi-
ence and improve-
ments will result in
30 percent reduc-
tions down the line.
“So, what is being
discussed now in
terms of the business
caseisacapita cost on the order of $1500/
kW going down to something like $1200/
kW,” he said.

The report also assumes afive-year con-
struction period that will fall to four years.
Theindustry, however, is“not satisfied with
four years,” Simard said. “What we are
looking at, based upon recent experience
overseas and based upon the approved use
of modularization and offsite fabrication,
we are assuming construction periods of 36
months, perhaps 42 months, for thefirst few
units from first concrete to fuel load.”

Regarding public opinion, Simard said
there has been “overwhelming support”
from the local populations around nuclear
plants that have sought license renewals.
Since any new plant would be built at asite
that already holds areactor, the local com-
munity likely would welcome the addition
to the neighborhood, he said.

Michael Corradini, a member of the
DOE’ sNuclear Energy Research Advisory
Committee and a Distinguished Professor
of nuclear engineering at the University of
Wisconsin-Madison,
agreed with much of
thereport’sfindings,
but he questioned its
call for $100 million
annual funding for
fuel cycle modeling
analysis and simula-
tion of commercial
nuclear energy sys-
tems. “I guess my
major concern with
thisinitiative is that such amajor program
should be focused with clear-cut objectives
and results,” he said. Instead, as he under-
stood it, the focus was on analytical tools
development and small-scale benchmark
experiments. “Without a long-term plan
with clear-cut objectives and benefits, and

Simard

Corradini
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appropriate experimental verification by
data, | would question if thisresearch would
interest those who allocate the funds or
thosewho doit,” he said.

William D. Shipp, director of the Idaho
National Engineering & Environmental
Laboratory, was representing the directors
of six national laboratories: Argonne, Oak
Ridge, Livermore, Los Alamos, Sandia, and
INEEL. Thelabsand the DOE last April is-
sued their own recommendationsto further
the deployment and development of nuclear
energy. Those recommendations match up
with some of the MI T report’ sfindings, said
Shipp. For example, the recommendations
agree with the MIT report that R&D isre-
quired to properly manage the back end of
the fuel cycle.

Shipp added, however, that “even when
Ernie wasthe undersecretary, we had some
disagreements, and
we wouldn’t expect
anything different at
this point.” Shipp
said that the lab di-
rectors further be-
. lievethe proper man-
agement of the back
end of the fuel cycle
isamatter of nation-
a security, and that
closure of the fuel
cycle to burnup plutonium and actinidesis
not only anecessity from the standpoint of
reducing the growing world inventories of
nuclear materials, but is the most prolifer-
ation-resistant approach for the long term.

Andy Kadak, professor of the practicein
nuclear engineering at MIT and apast pres-
ident of ANS, said that while he questioned
the report’s exclusion of government sup-
port for building a new reactor, he under-

LE— stood how the au-
o thors reached that
conclusion. “Basical-
ly,” he said, “the be-
lief was that if you
have the government
(help finance a new
reactor), it's not a
real test of the mar-
ket, of what it is that
the people will actu-
aly haveto buy. But
my sense is that you can issue a procure-
ment that wouldn’t be quite commercial in
terms of demonstration. It would hopefully
have a plant that would be built under com-
mercial terms and conditions such that the
other utility members are watching this
thing and could use it as areference.”

Offering the opinion of the ANS Nuclear
Energy Renaissance Special Committee
was Ted Quinn, past ANS president. The
committee, consisting of 32 members,
found unanimous agreement that there is
need for near-term deployment of new gen-
eration reactors that would result in 1000

Shipp

Kadak
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GW by 2050. “This expansion of nuclear
generation would represent a threefold in-
crease from today while maintaining the
current percentage of nuclear in the gener-
ation mix,” Quinn said.

Quinn came armed with questions from

. the committee, for
later consideration,
including why does
nonproliferation ap-
pear to be more of a
political issue than a
technical one, and
what confidence lev-
el was there in the
cost of uranium over
) 50 years that would
Quinn justify the report’s
uranium allocation in the open-cycle
process?

Jacques Bouchard, director of nuclear en-
ergy for CEA, commented that the report
provided a“relevant vision” for nuclear en-
ergy, but that it failed to draw consistent
conclusions and recommendations regard-
ing thefuel cycleissue. “ Thisconclusion,”
he said, “relies on an unbalanced apprecia-
tion of the relative
risks and merits, in
terms of economics,
waste management,
safety, and nonpro-
liferation, of once-
through versus re-
processing fuel cycle
options, an apprecia-
tion which does not
draw from the exten-
sive European expe-
rience with used fuel reprocessing.”

If implemented, Bouchard cautioned,
such recommendations“would have avery
negative impact on

Bouchard
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cost baseline was too high for new plants,
Moniz said that while $2000/kW may seem
extreme, the bankers“ seemtothink that it's
theright placeto start, and they are the guys
with the money.”

Regarding Kadak’s point that govern-
ment should finance demonstration plants,
Moniz agreed, but with clarification. “We
were talking about demonstration plants
of . .. market-ready technology,” he said.
“Thegoa isredly to proveits economic vi-
ability, and the government doing it gives
you absolutely zero information on that.”

Onthe question of closing thefuel cycle,
Moniz noted that it partly comes down to
figuring out how to value the “very long
term.” The answer, he said, is “we don’t
want to undervalue it. We propose a very
robust analysis, research, development, and
demonstration program to look at advanced
fuel cyclesfor thefuture. But our focusison
enabling the nuclear option for robust
growth over the next 50 years, acritical pe-
riod for addressing climate change.”

Moniz concluded that having aback-and-
forth session such asthis one made the two
years he spent working on the report “worth
it.” He closed by adding, with a chuckle,
“Next we're going to do coal.”

A preview of JIMO

Thefirst mission for NASA's space nu-
clear initiative Project Prometheus, which
was announced last year, will beto send a
spacecraft to the moons of Jupiter. The
Jupiter Icy Moons Orbiter, or JIMO, will
orbit three planet-sized moons of Jupiter—
Callisto, Ganymede, and Europa—which
may have oceans beneath their icy surfaces.
The ocean that may exist on Europa, andits
possibility for harboring life, are the prime
reasons the National Research Council rec-

the development of
nuclear energy.” He
said there was no
option toward asus-
tainable develop-
ment of nuclear
power other than to
develop and imple-
ment advanced fuel
cyclesthat will min-
imize the amount of
toxicity of waste,
while making opti-
mum use of natural
resources.

Moniz, given end-
of-session rebuttal
time, commented
that the report was

Bouchard said there was no
option toward a sustainable
development of nuclear
power other than to develop
and implement advanced fuel
cycles that will minimize the
amount of toxicity of waste,
while making optimum use of
natural resources.

never intended to be
an “origina statement by any means,” but
that it was put together by bringing in dif-
ferent perspectives.

On the economic front, regarding com-
ments made that the report’ s construction-
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ommended that NASA make exploration of
Europaashigh apriority asthe exploration
of Mars. The IMO mission will also raise
NASA'’ s capability for space exploration by
pioneering the use of electric propulsion
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powered by a nuclear fission reactor.

The session Control and Safety Strate-
gies for Space Nuclear Reactors featured
two presentationsthat provided background
on the IMO mission, aswell asits nuclear
fission reactor forebears.

Matt Forsbacka, NASA’ s program exec-
utivefor fission systems, described himself
as the conduit between NASA and the De-
partment of Energy for the creation of a
space nuclear reactor. “Basicaly, I'm the
guy who wakes up in a cold sweat at night
worrying about all the things that could go
wrong,” he said.

He summed up Project Prometheus as
“all about making lots of power and using
lots of power.” Instrumentation that will
provide unprecedented levels of scientific
investigation will be available on these
spacecraft. And the power will also provide
propulsion systems that will allow space-
craft to fly for long periods of time through
space—actively.

“What we' ve done through this point in
timeistake satellitesor little spacecraft and
put them on a 15-minute thrill ride. It takes
off and then it’s basically playing inter-
galactic pinball asit goesthrough the grav-
ity wellsto get to its ultimate destination,”
Forsbackaexplained. Asaresult, the space-
craft arelaunched into orbitsthat allow only
for catch-as-catch-can scientific investiga-
tion. “Flying with the Project Prometheus—
enabled ion propulsion systems actually al-
lows us to fly into a very deliberate orbit
around a target destination of interest and
alows usto spend as much time aswe want
there. We can re-target on thefly if wefind
out we're not getting what we want out of
that destination. We can spin out and go to
the next spot. If wefind out there’ smorein-
teresting thingsto do, if we want to look at
different orbital planes, we have that capa-
bility aswell,” Forsbacka said.

NASA has been successful in the past
with radioisotope thermoel ectric generator
(RTG) systems, such as those used by
Galileo and Cassini, and has been launch-
ing one or two per decade. The agency will
now be looking to approximately double
the amount of power availablein thoserel-
atively modest systems, up to around 1000
watts, electric, Forsbacka said. “It's be-
cause of the successthat we' ve had with the
RTG program that’ s helped give NASA the
confidence and the interest in the fission
power systems. [NASA has] done alot of
great things with these small, putzy things
and now we' re ready to go off and actively
fly through space and really break open the
science,” Forsbacka said.

In designing spacecraft for Project
Prometheus, Forsbacka emphasized that
safety isthe most important design element.
“Safety [in space] is different from terres-
trial safety in the sense that we're flying a
lot of rocket up 1000 km and higher,” he ex-
plained. “The system has to stay in a sub-
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An artist’s concept of the Jupiter Icy Moons Orbiter, whose electric propulsion system will
be powered by a nuclear reactor (Image courtesy of NASA’s Jet Propulsion Laboratory)

critical state through all the normal launch
environments and also in any of the credi-
ble accident environments.”

Beyond safety, the designers are looking
to make the spacecraft light. “We're very
mass-sensitive, which is something that's
paradigm-changing from terrestrial power
systems, where you don’t care about mass
at all.” The system also must be small
enough to fit in alaunch vehicle.

The JMO mission will be setting the
stage for what is hoped to be aseries of fis-
sion-based missions. The other missions
have yet to be determined, and economics
as always remain a key variable, but “our
intention is not to fly this one and go away
and close up shop, but to fly asuccession of
these reactors,” Forsbacka stressed.

The mission studies and conceptual de-
sign activities for JIMO, set to launch in
2012 or later, are currently under way. But
contacts have aready been let to some ma-
jor aerospace companies, which have been
teamed with various nuclear vendors, Fors-
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backasaid. NASA and the DOE have set up
an in-house team that’ s also doing design
work so that “when industry comes with
their answer, we'll have the means to say,
‘We agree with this' or ‘We have a differ-
ence of opinion,” and have to go back and
arbitrate and figure out what’ sright.”

The processfor choosing the instruments
for IMO is aso under way, with various
teams of scientistsrecommending what sort
of instruments will work well on the craft.
“We're not just carrying along a dead sys-
tem,” Forsbacka said. “We have a system
that creates heat, creates vibration. So, we
need to have all those environments well
characterized so the spacecraft [and itsin-
struments] will stay in good shape.”

Space reactors, past and future

Decades |l ater, the United Statesisrevis-
iting spacecraft technology that was first
used in the mid-1960s. The SNAP-10A
spacecraft, the first space reactor the Unit-
ed States has flown, was launched when
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“Star Trek” was still aregular television se-
ries, noted William Kelly, of the Boeing
Company, NASA'’s largest contractor. He
gave a history of two significant reactor-
powered space systemsin the United States,
as well as a preview of JMO. When the
SNAP-10A was in development, the Nu-
clear Navy had only about 20 submarines,
two of which werethefirst two nuclear sub-
marines, Nautilus and Seawolf. And there
were only six nuclear power plants operat-
ing in the United States.
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The spacraft wasto demonstrate that nu-
clear-powered electrical sources could in-
deed work. Because it was the first of its
kind, its planned operational lifetime was
only oneyear.

The most remarkable aspect of the craft’'s
startup was the fact that it was assisted only
by nature. “SNAP-10A was started up by
galactic cosmicrays. The beryllium reflectors
have a gamma-n reaction that creates neu-
trons. All of a sudden it started up. We sent
out no neutron source. It just went up there
and all of asuddenit wasgoing,” Kelly said.

Because it was the first craft of its kind,
the coolant temperature was kept low to
help make sure it could complete the mis-
sion. A very small number of fuel pinswas
used. And, at around 0.5 kilowatts, electric
power on SNAP-10A was well below the
levelsof today’ s craft. “ They actually want-
ed to let this thing start up with timed in-
sertions of reactivity—a very slow start-
up—and approach the criticality,” Kelly
explained. “ And then [they would] turnthe
automatic control system off and let it grad-
ually wind down in power until the end of
itsmission. The projected power profile had
it decreasing in power with increasing fuel
burnup—just kind of last for ayear and see
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Schematic of the SP-100 reactor, shield, and heat transport subsystems (DOE, 1987)

shot—that wasit.”

The reactor was launched into orbit in
April 1965 and functioned for 43 days be-
forean electrical problem in the booster sec-
tion caused it to shut down. The malfunc-
tion was not related to the nuclear systems.
Despiteits short life, the mission was still a
successin many ways. “All thereactor start-
up objectives, all the things they wanted to
learn about how to run one of these things,
was actually obtained,” Kelly said.

Perhaps because of President Kennedy’s
encouragement to put ahuman on the moon,
Kelly surmised, resources were diverted
from the SNAP program, which was even-
tually scrapped. “We got to the moon but we
left SNAP-10A in the garage,” he said.

Unlike the short-lived SNAP-10A, the
reactor-powered SP-100, whose devel op-
ment originated in the early 1980s, was to
have a 10-year mission lifetime. The craft
wasto provide power to orbiting systemsas
part of President Reagan’s Strategic De-
fense Initiative.

Continued
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One challenge that SP-100 would haveto
overcome before it could be launched was
the existence of space debrisin the earth’s
atmosphere. A decade-and-a-half after the
space race began in earnest, there was alot
of spacecraft debris floating in orbit, in-
cluding 34 or so Russian nuclear reactors
that had been |eaking potassium and sodium
for the better part of 20 years, Kelly said.
There are also alumina particles from the
exhaust of solid rocket boosters.

“There salot of junk now floating around
inspaceat al sortsof different orbitsand all
sorts of different concentrations,” Kelly
said. “You see sizes greater than 12 cen-
timeters. If they’re going fast enough, they
can cause damage to instrumentation. You
haveto think about shielding and protection
when you get up there. It's a challenge for
theinstrumentation guys.”

Regarding instrumentation, the biggest
achievement was devel opment of aradiation-
hardened MUX amplifier, Kelly said. “We
probably wouldn't use it today with today’s
electronics. But that was a large success for
instrumentation and control back then.”

The craft, however, was never launched.

JMO will have amission life of around
12 years: two or so years of orbiting the
earth and moving out of earth’ sorbit, six or
eight years to travel to Jupiter, and two
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more years in the Jovian system. All the
while it will be going through extremes of
radiation and temperatures. Assuch, it will
be traveling the moons of Jupiter from the
outside in—Callisto, Ganymede, Europa,
then lo—or, in other words, from the best
environment to the worst.

“Asyou gradually movein, [theradiation
field] gets nastier and nastier,” Kelly said.
“When you get to lo, you' re actually having
to deal with volcanic particles. o isavol-
canic moon and is shooting a lot of debris
into the orbit around Jupiter. What you wind
up withisthisvelil, thistorus, where particles
get big and fast. It’sterribly ugly in there.”

Because of thisharsh environment, apre-
mium will be placed on system reliability.
“When you let something go and you' re not
going to beabletotouchit for 12 years, you
have to think about extremes or more seri-
ous mesasures for keeping the system reli-
able,” Kelly said. “Operating experience is
still an issue with us. We haven't had alot
of operating experience—any operating ex-
perience, really—with these sized reactors.”

The program is yet in its infancy, with
various conceptsfor reactor instrumentation
and control still being developed. Nonethe-
less, afew details have emerged. The craft
may be using fission chambers, Kelly said.
“The operating experience of the world’s
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breeder reactors, in Japan, in France, are all
pointing to the ahility of fission chambersto
giveyou agood signal for along time with
alot of accumulated neutron exposure. It's
very promising for that,” Kelly said.

Designers are also looking at failure de-
tection, isolation, and recovery technology,
or instruments in the vehicle that watch for
systems to malfunction. “ The Space Shut-
tleisstarting to usethisin their health mon-
itoring systems,” Kelly said. “They're
watching thingslike turbine vibrations and
turbine speed. And with embedded algo-
rithms, they’re able to tell acontrol system
to ‘back off here’ or ‘speed up there’ or
‘don’t operate in thisrange.””

Also, the craft will need to have great re-
sourcesfor autonomy. A signal from JIMO
will take ahaf-hour or moreto reach earth,
so the vehicle will need some capacity to
problem-solve onitsown. “ There' sno oth-
er way to survive. Something happens out
there, it’ sgoing to take us a half-hour to fig-
ure what to do about it. The vehicle itself
will have to be more autonomously con-
trolled than anything we’ ve attempted in
earth orbit,” Kelly said.

Nonproliferation challenges

In introducing the “Nonproliferation
Challenges in the 21st Century” panel,
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James Chapek of Sandia National Labora-
tories noted that it took the M anhattan Proj-
ect just three years to overcome the three
major hurdles to produce a nuclear
weapon—possessing the fissionable mate-
rial, scientific knowledge, and technology.
Concerns about proliferation emerged even
then, he said, and effortswere begun to pre-
vent it. That took longer. Nonproliferation
was one of the principles guiding President
Eisenhower in 1953, when he proposed his
Atoms for Peace initiative. This led to the
creation of the International Atomic Ener-

another vision, which includes: global ex-
pansion of electricity; reduction of carbon
and other pollutant emissions; internation-
al security (including the removal of rogue
states), and international relations (leading
to greater world stability). They areall con-
nected, he said.

Nuclear power can contribute to this vi-
sion, he explained, by:
1. Generating alot of carbon/pollution-free
electricity—"producing alittleisnot going
to get you very far,” he said.
2. Reducing the stockpile of weapons and
eliminating excess

Reis’s vision also involves a
new deal in which there are
two categories—fuel states
and reactor states—where
fuel states lease fuel cycle
services to reactor states,
and all states accede to
appropriate safeguards.

material.
3. Providing a plat-
formfor internation-
a cooperation, in
terms of prolifera-
tion and fuel cycle
management.
Reis's vision also
involves a new deal
in which there are
two categories—fuel
states and reactor
states—where fuel
states lease fuel cy-
cle services to reac-
tor states, and all
states accede to ap-

gy Agency (IAEA) and the Non-Prolifera-
tion Treaty (NPT).

More recently, the fall of the Soviet
Union and the rise of the “threat matrix” of
rogue states and terrorists has significantly
changed “the calculus for world peace,” he
said. The possibility of a country or other
entity possessing nuclear weapons as a de-
terrent, equalizer, or terrorist tool has tak-
en on an increased importance.

Thefirst speaker, Victor Reis, senior vice
president of Hicks Associates, where he
leads the nuclear strategies project, amul-
ti-organizational venture whose purposeis
to help develop strategies for the interna-
tional nuclear enterprise. Reisisamember
of the strategic advisory group of the U.S.
Strategic Command; previously he led the
DOE stockpile stewardship program and
had been director of defense research and
engineering at the Pentagon.

Reis started with adifferent angle on the
subject, explaining that he was looking at
nonproliferation opportunities, rather than
challenges. Eisenhower’ svision waslarge,
said Reis. It included avoidance of nuclear
war and the armstrade, containment of So-
viet expansion, and enhancing internation-
a cooperation. There were also domestic
benefits, such as helping to keep the budget
down. Under his Atoms for Peace deal,
weapons states would provide assistance to
nonweapons states to avoid proliferation
while also moving towards the elimination
of their weapons.

Looking ahead 50 years, Reis suggested
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propriate safeguards.
Animmediate benefit of this, hesaid, isthat
it would be alot cheaper. If astate only has
reactors, alot of safeguards are unnecessary,
and from aproliferation point of view, there
arefewer statesto worry about. Inthisway,
there can be a substantial growth in nuclear
power, without making the proliferation is-
sue any more difficult. It may even be bet-
ter, said Reis, by encouraging nonweapons
states to forego any plans.

This idea, he said, has been likened to
the relationship that France and Germany
forged after World War 11, built on their
steel and coal industries. This cooperation
led to a treaty involving other countries
that eventually became the European
Community.

The development of a large internation-
al nuclear industry, says Reis, could also
become an important “currency” for inter-
national relations, a potential that Eisen-
hower saw. Everythingisthereaready, said
Reis, the resources, the technology, and the
international relationships, asin the IAEA.
Itismainly adiplomatic issue, he said.

Directions and digressions

Richard Stratford, director of the Office
of Nuclear Energy Affairsin the Bureau of
Nonproliferation at the U.S. State Depart-
ment, warned that he spoke strictly for him-
self, not his agency. He called histalk “di-
rections and digressions, things we are
doing and things we need to do.” Digres-
sionsrefer to ideas put out there that are of -
ten complex and expensive, but that will not
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actually achieve nonproliferation goals.

According to the police, explained Strat-
ford, preventing crime requires either re-
moving opportunity or changing motivation,
or, idedlly, both. Inthe nonproliferation are-
na, he said, removing opportunity means
keeping weapons-usabl e fissile material out
of the hands of those who can’t be trusted.
The basic proliferation prevention measures
are: account for nuclear material; lock up
and protect nuclear material; track down
anybody who has illegitimate possession;
and dedl aseffectively aspossiblewith those
statesthat opt openly or clandestinely to pur-
sue aweapons program.

Stratford provided an overview of sever-
a aspects:
1. Material accountancy—Initially, |AEA
safeguards were primarily an accounting
system designed to ensure that declared nu-
clear material remained where it was sup-
posed to be. The discovery of Irag’ snuclear
weapons activities over a decade ago
showed up the system’s inherent weak-
nesses and triggered an effort to upgradeit.
This led to the creation of the Additional
Protocol, whose purpose is to be able to
prove that a state is not engaging in unde-
clared nuclear production activities. That is
what is being called for in Iran, following
the disclosures that it was secretly devel-
oping a centrifuge enrichment capacity.
2. Physical protection—This subject is get-
ting alot of attention. The IAEA is under-
taking alarge international assistance pro-
gram. The United Statesis aso engaged in
various activities, many in association with
Russia. One program is under way to assess
physical security and fix problemsin coun-
triesthat receive U.S. enriched uranium, an-
other involves converting research reactors
to the use of low-enriched uranium, and a
third is intended to take back U.S.-origin
high-enriched uranium. Stratford also not-
ed efforts by the Departments of Energy
and Defense to protect and secure material
under the Cooperative Threat Reduction
Act.
3. Methods to detect material if stolen and
prevent illicit trafficking—Measuresto find
material after it is stolen include border
controls, detection devices, the DOE’ s sec-
ond-line defense program, and customs ef-
fortsto inspect cargo containersfor nuclear
materials and other weapons of mass de-
struction—related items.
4. International cooperation—All the
above measures need international cooper-
ation, said Stratford. He also discussed ef-
fortsto upgrade the Convention on Physical
Protection of Nuclear Material. Asit stands,
the convention requires parties to apply
physical protection to nuclear materiasin
international transport: It does not require
parties to protect material at home within
national borders for domestic use. It is a
glaring omission, he said, but the United
States could not get these provisions 20
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years ago. In 1998, the U.S. initiated an-
other effort to plug that loophole. “We are
almost there,” said Stratford, but there re-
mains some diplomatic work to resolve cer-
tain issues.

Dealing with motivation is alot harder,
Stratford said. “I do not think you can
change motivations of terrorists. People
who have it in for us are not going to be
talked out of their hate.” Every precaution
to prevent terrorist incidents has to be tak-

who previously worked for Sen. Pete
Domenici, offered her thoughts on chal-
lenges in nonproliferation.

Initially, the NPT derived its authority
mainly on political will, she explained. Dur-
ing the Cold War, the superpowers main-
tained control on the aspirations of their
client states. The collapse of the Soviet
Union ushered in new redlities, including a
lifting of the cap that kept potential regional
powers in check, rapid erosion of Russian
conventional power,

Even if their cores cannot be
used to produce plutonium,
however, the reactor can
provide a cover for other
acquisitions and contributes
to a nuclear infrastructure
that can support a weapons
program, he observed.

development of an
overwhelming con-
ventional military
superiority of the
United States; and
the pursuit by some
states of other “ad-
vantages,” including
the possession of
wespons of mass de-
struction. Thesehave
al led to increasing
stresses on the non-
proliferation regime,
which she saysneeds
reinforcing, from the
top.

en while seeking to find and arrest those
dealing ininternational terrorism. State mo-
tivations are also difficult to deal with, he
said. They arise in very different circum-
stances, are frequently prompted by re-
gional tensionsand/or by adesireto project
power, and be seen asamajor player in the
region or the world.

Next, Stratford asked what the digres-
sions are. Oneisthe proposal, relaunched
recently by the director general of the
IAEA, to create international fuel cycle
centers to place enrichment and repro-
cessing under multilateral auspices. Basi-
cally, he explained, the United States does
not believe that these facilities should pro-
liferate, adding that location could pose a
difficult political issue. Furthermore, he
added, there is already plenty of capacity
out there, and “we are comfortable with
the fuel cycle programs of our cooperating
partners.”

On proliferation-resistant reactors, Strat-
ford said that he probably sounded most
heretical. He agreed that the idea makes
sense when designing future reactors. Even
if their cores cannot be used to produce plu-
tonium, however, the reactor can provide a
cover for other acquisitions and contributes
to anuclear infrastructure that can support
aweapons program, he observed. Basical-
ly, he noted, it is not a good idea to engage
with countries that are not trusted.

Good technology governance

Elizabeth Turpin, a senior associate and
codirector of security for the new century
project at the Henry L. Stensen Center, and
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Turpin  stressed
that she is particularly concerned, howev-
er, about the human dimension to the pro-
liferation threat, for which a case is very
difficult to makein Washington. U.S. poli-
cy-making structures and perceptions are
still mired in the Cold War, she said. In
more than adecade of threat reductions ef-
forts, no solid bipartisan agreement has
been reached that allows U.S. agencies to
be involved in making sure that ex-Soviet
scientists and technicians involved in
weapons production “had a steady in-
come’—that is, ensuring that they havelit-
tleincentiveto use/sell their servicesfor un-
acceptable purposes. The U.S. must, Turpin
said, overcome ossified institutional barri-
ers and revamp its perceptions of what
items comprise spending on security.

Eliminating weapons material

Edward Mastal’s current program re-
sponsibilities at the DOE include the de-
velopment, negotiation, and implementa-
tion of U.S. transparency operations in
Russiain the context of U.S.-Russian agree-
ments to dispose of fissile material. His
group monitorsfour Russian processing fa-
cilitiesand al so provides support for Russ-
ian transparency activities at five facilities
inthe United States. Mastal spoke about ac-
tually eliminating weapons and fissile ma-
terial.

With the end of the Cold War, Mastal
noted, the world is still left with nuclear
weapons, nuclear technology, and a grow-
ing stock of surplus weapons-usable mate-
rial. Thereis arange of activities, he said,
to reduce the numbers of weaponsand elim-
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inate fissile material. Russiaand the United
States have stopped producing HEU and
weapons plutonium (except for Russia’'s
three remaining production reactors, which
aredueto close soon). There are also many
programs to control access to material and
to eliminateit, Mastal explained:

m The 1993 HEU purchase agreement in
which 500 metric tons (t) of material from
Russia’'s dismantled weapons is down-
blended and converted to reactor use. Since
material began to flow in 1995, some 200 t
(8000 warhead equivalent) of material were
permanently downblended and made into
fuel elements. It is now converting HEU at
arate of 30t per year, to be completed in
2013.

m A program to downblend HEU oxide to
lessthan 20 percent enrichment, which can
be used in research reactors. That has been
going on for about three years.

m The agreement for the disposition of plu-
tonium (34 t by each country). In 2002, the
two agreed that the additional plutonium
coming from Russia’ sthree remaining pro-
duction reactorswill be subject to the same
agreement.

While information cannot be controlled,
said Mastal, itsflow can be slowed and redi-
rected. Thisis a reason to help countries
speed up the modernization of their politi-
cal and social systemsto become more user
responsible, he observed. The DOE has
programs to help Russian weapons scien-
tists and engineers put their know-how to
more peaceful uses. He also said that every-
one has a part to play. “Are you a good
steward of knowledge of nuclear technol o-
gy?’ Mastal asked listeners.

A new fissile material convention

After 24 yearsin the IAEA safeguards
office, Thomas Shea is leaving to become
the director, defense nuclear nonprolifera-
tion programs for Pacific Northwest Na-
tional Laboratory. Looking to the future,
Shea described his vision for a new con-
vention designed to control fissile material
that he believeswill avoid proliferation and
support disarmament. He called it a“treaty
banning the production of fissile material
for usein nuclear weapons or other nuclear
explosive devices.”

Today the nuclear nonproliferation
regime is mature, but far from perfect, and
it needs fixing, Shea explained. Asfor dis-
armament, a 10-year attempt by the UN to
forge a treaty has made virtually no real
progress, and Sheathought that maybe ato-
tally new approach is needed. Thisled him
to consider what a new treaty might look
like, based on the security problems of to-
day, not those of a decade ago.

Shea said he wanted to be as broad and
encompassing as possible, while also solv-
ing some real problems. But he tried to
avoid showstoppers: There is no ban on
peaceful nuclear facilities or nuclear sub-
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marines. “It is not an intention to deny the
use of fissile material but to control it,”
Sheasaid. Thereareno actual disarmament
reguirements, he said, although these may
come later.

His proposed treaty basically bansfuture
production of plutonium and HEU for nu-
clear weapons. Any production has to be
justified on the basis of peaceful activity or
a nuclear submarines program; anything
elsewould beaviolation. It also would pro-
vide for submitting excess material stocks
for verification.

From a disarmament standpoint, the
treaty would:

m Cap the inventories of fissile materials
available for weapons use.

m Provide for verification of materials re-
leased from defense programs (ensuring
that this material is not available for reuse
in aweapons program).

m Encourage improved safety and security
of existing weapons.

m Reducethe special status granted to NPT
weapons states, which should facilitate
progress on nuclear disarmament.

The benefits also would include:

m Putting all civil facilities under IAEA
safeguards with common standards of ac-
counting and measurement.

m Ensuring that activities are approved by
aconference of states parties based on what
isconsidered prudent, and legitimate peace-
ful and nonexplosive military applications.
m Establishing a universal export control
regime.

m Designing proliferation-resistance into
future nuclear energy systems (or even
present ones).

m Providing auniversal basis for verifica-
tion.

Sheaexplained that histreaty would take
account of problems he has observed in

Nonproliferation fuel

Since 1995, Claude Degueldre, who is
based at the Paul Scherer Institute in
Switzerland, has been the coordinator of an
initiativeto develop Inert Matrox Fuel. IMF,
says Degueldre, is a proliferation-resistant
technology that is simple, robust, and
straightforward. Thefuel’ sisotopic content
makes the material practically unusable for
weapons production after irradiation. IMF,
says Degueldre, is
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ing this, ‘We simply need to educate the
public,” for 25 years. The definition of in-
sanity is doing the samething over and over
and expecting different results. Ben
Franklin told us that along time ago.”
Beller said it’ sactually easy to gain pub-
lic acceptance for nuclear power, and point-
ed to a1998 Nuclear Energy Institute study.
Theresults of the study, during which sub-
jects were read a 20-second positive state-

also moreefficient at
burning plutonium
than MOX. Switzer-
land is interested in
this concept for deal-
ing with excess plu-
tonium fromitsown
reactors.

IMFisalso partic-
ularly suitable for
geological disposal,
he explained. It has
low solubility, alow
leaching rate, and
shows excellent be-

Russia and the United States
have stopped producing HEU
and weapons plutonium
(except for Russia’s three
remaining production
reactors, which are due to

close soon).

havior under irradia-

tion. It is, said Degueldre, better than glass
in resisting chemical dissolution, being in-
solublein nitric or fluoric acid. Itisalsore-
sistant to milling and crushing. IMF fuel
rods have been irradiated in the Halden re-
actor (Norway) and the high flux reactor in
Petten, (the Netherlands), and tests have
been donein Japan.

Communicating to the public
Several years ago, Denis Beller, inter-
collegiate programs coordinator for the
Transmutation Research Program at the
University of Nevada, Las Vegas, came
across a quote by noted author and nuclear
industry supporter Richard Rhodes. During
aroundtable discus-

With the end of the Cold
War, Mastal noted, the world
is still left with nuclear
weapons, nuclear technology,
and a growing stock of
surplus weapons-usable

material.

sion at an Ingtitute of
Nuclear Materials
Management con-
ference in 1997,
Rhodes said, “Peo-
ple didn't realy
know that nuclear
power has a great
safety record, that
waste disposal isn’t
a deep mystery be-
yond the power of
science, and so on.”

How to get people
to understand these

how organizations, such asthe UN Securi-
ty Council, and treaties, such as the NPT,
operate, and would include ways to avoid
them. He said it will also strengthen the
NPT regime. The burdens of the new treaty,
financial and otherwise, would be mainly
on those countries that possess nuclear
weapons, Shea stressed.
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points was the topic
at hand in the session Innovative Public
Communications, chaired by Beller. The
public’s attitudes toward nuclear power
cannot be changed through trying to teach
them about nuclear energy, he argued.
“We don’'t need to educate the public,”
said Beller, who chairsthe ANS Public In-
formation Committee. “We have been say-
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ment about nuclear energy, underscored his
belief. Before the statement, 23 percent of
the people strongly favored nuclear power;
after, 34 percent were strongly in favor. Be-
fore, 13 percent strongly opposed nuclear
power; after, the number shrank to 7 per-
cent. The net effect was a 20 percent swing
in attitudes, from opposing to favoring,
Beller said—a gain of 10 percent favoring
and areduction of 10 percent opposing.

That would seem to belie Beller's state-
ment about education not working to
change people’ s minds.

“But remember, that’ sthe whole popul a-
tion—the whole population of the United
States is 280 million people. How many
people do we communicate to asthe Amer-
ican Nuclear Society?’ Beller asked. “If
just 10 percent hear that same statement,
and we use the same mathematical [means]
to get to the answer using amatrix calcula-
tion, you get a 1 percent changein ‘ strong-
ly favor’ and a-1 percent changein ‘ strong-
ly oppose.’ It is a change, but with 10
percent of the population, or 28 million
Americans hearing thismessage, you could
expect a 1 percent change.”

That certainly is better than no change.
But then what happens after the next nega-
tive statement that is floated out into the na-
tional media? Beller guesses those changes
would disappear.

“We have to do things that make a last-
ing, positiveimpact on public opinion,” he
explained. “To do that we have to either
target a specific, large audience, or you
have to target the whole population. You
haveto figure out away to get amessageto
280 million Americans or billions of peo-
ple worldwide, to make a lasting effect.
And you have to do it repeatedly because
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they’ re going to be hearing the other mes-
sage at the sametime. If we put an ad inthe
newspaper, we can guarantee that one of
the antinuclear organizations is going to
put in a bigger and better ad, with more
emotional impact.”

And emotional impact, Beller empha-
sized, is one of the keys to delivering a
message that will last in the public’s mind.
The antinuclear organizations have been

need to say. And we need to say it to our
friends and families and the public.”

The ANS grassroots movement

Laura Hermann, a staffer in the ANS
public information department, has been
getting the society’ s recent Grassroots Ini-
tiative off the ground. The effort was in-
spired by former New Hampshire governor
John Sununu’s address during the 2002
ANS Winter Meet-

Beller said it’s actually easy
to gain public acceptance for
nuclear power, and pointed to
a 1998 Nuclear Energy
Institute study.

ing. “We must un-
derstand,” Sununu
said in November
2002 in Washington,
D.C., “whether we
like it or not, until
more of us get in-
volved in the politi-
cal process, that in
the long run, the ul-
timate decision on

using fear for decades, he said. But, giv-
en the public’s concerns over global
warming and blackouts that stretch for
hundreds of miles, the nuclear industry
may now have fear on its side. Figuring
out how to leverage that, however, re-
mains a challenge.

“Wehave avery dull story totell. Weare
not exciting. The only time it gets exciting
is when things go bad. If a nuclear power
plant is clicking along at 100 percent for
days, it’sjust not exciting. And we don’t
want it to be exciting. So, we haveto figure
out another way,” Beller said.

Another element of communication that
can enhance public acceptance is familiar-
ity. Beller cited fears about boilers at the
turn of the last century, pasteurization of
milk, and horseless carriages as technolo-
giesthat required time for the public to get
comfortable with before they were accept-
ed. Beller wondered if conducting 1 million
nuclear power plant tours per year would
help.

“We drive down the freeway next to
300 000 shipments of petroleum aday in
the United States. We accept that now. We
can do something likethat if we do amillion
plant tours ayear. But if we did something
like that, we would miss 270 million peo-
plein 10 years.”

Thekey, Beller said, isnot massive edu-
cation, but massive communication. People
want “what we have,” Beller said. They
want information from someone they trust,
and they already trust scientists and engi-
neers. They want someoneto tell them that
nuclear power isokay, Beller said. And the
industry needs to simplify its message to a
handful of words to get its point across
more effectively.

“Canyou say, ‘Nuclear power issafe’ ?1
don't hear it very often. | hear a 100-word
essay or a1000-word essay when areporter
asks the question. . . . And that's what we
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hard issues. . . will
be made by people who have noinstinctive
feeling about the difference between a part
per million and a part per billion.”

Getting membersinvolved inthe political
processisthe goal of the Grassroots Initia-
tive, with the ultimate objective that ANS
be seen as a credible source of information
about nuclear science and technol ogy—par-
ticularly to policy-makers and opinion-
shapers. For instance, ANS has anumber of
“talking points’ on its Web site at <www.
ans.org>, with facts that people can use to
build acasefor, say, waste disposal or new
plant construction, when meeting with peo-
ple outside the industry.

“We recognize that in order to impact
policy, we need to be educating our policy-
makers about what we know about nuclear
science and technology,” Hermann ex-
plained. “Being a professional society, we
know a lot more than the general popula-
tion, certainly morethan policy-makers. . . .
Sununu talked about the importance of
making ourselves available and going out
and developing those relationships.”

ANS began the program, which was just
over a half-year old when Hermann gave
her presentation, by sending a letter to all
its members, inviting them to introduce
themselves to their local elected officials.
The society began to examine what kind of
impact its memberswere having on their lo-
cal areas and what kind of resources they
were using from ANS. An early product of
the first six months of the Grassroots Ini-
tiative wasthe publication of abrochure, ti-
tled Clear Thinking on Nuclear, that mem-
bers can give away.

“These brochures help our members
identify what they have to offer, and they
can leaveit behind when they meet with the
policy-maker,” Hermann said. “We have
technical resources. We have educational
resources. This brochure talks about the
meetings, what we do here, some of the de-

NUCLEAR NEWS

cision-making processesthat go through the
society. We hope it will be a useful re-
source. It's something that peopleidentified
asaneed.”

While the program is young and is still
growing (only 20 people have yet filled
out the online form ANS uses to track the
effort, Hermann said), it has had its suc-
cesses. Last summer, one member sched-
uled an appointment with arepresentative
for Rep. Eric Cantor (R., Va.). Shortly af -
ter making the appointment, the cascading
blackouts swept across the northeastern
United States and southern Canada. “What
had gone from ameeting with alegislative
assistant was suddenly raised in impor-
tance. Not only was the congressman
there, but abunch of stafferswere thereto
listen because suddenly the nuclear issue
was one that was relevant to all his con-
stituents,” Hermann explained. A few
weeks after the meeting, the member was
at alocal function in his community and
was introduced to the county supervisor,
who had heard about the member’ s meet-
ing with the congressman. The county su-
pervisor, who happened to be the manager
of radiological response in Virginia, said
to the member, “| heard that you met with
your congressman to talk about these is-
sues because you know about them. | need
to know about them as well.” And the
member was able to set up an additional
meeting.

“This is what | think is so significant
about the Grassroots Initiative,” Hermann
said. “It’snot just about meeting with those
elected officials. We recognize the signifi-
cance and importance of having that inter-
action. But what has happened is we have
one member meet with one congressman,
who then goes and meets on a state level
with alocal agency, develops that educa-
tion tool there, and has affected now 10
people in having one meeting because he's
been able to build a relationship, establish
himself asaresource, and been ableto link
them back to other resources at ANS.”

She added, “ That' s really what we want
to be able to model throughout the organi-
zation.”

Message for the public

Carl Crawford, nuclear communications
manager for Entergy Nuclear, believesin
focusing the message when addressing the
public. He discussed the slide presentation
that Entergy Nuclear staffers are encour-
aged to work from when delivering a talk
about nuclear power, and showed some of
the stronger and clearer facts that can be
made in support of nuclear energy.

One point that can be madeisthat the nu-
clear industry isan astonishingly safe place
to work. According to the World Associa-
tion of Nuclear Operators and the U.S. Bu-
reau of Labor Statistics, the U.S. nuclear in-
dustry has suffered fewer accidents per
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200 000 worker hoursthan not only the na-
tion’ smanufacturing industry, but even the
finance, insurance, and real estate indus-
tries. In other words, anuclear power plant
is a safer place to work than an office. “In
every presentation, we try to get acrossthe
safety message. And this little slide blows
people away,” Crawford said.

Also, highlighting nuclear energy’s en-
vironmental benefitsis helpful. Nuclear en-
ergy isthelargest source of emissions-free
electricity generation, by a wide margin.
And, adding to that, the United States is
emitting more carbon dioxide than the next
six countries combined. “We think that
preaching the environmental benefits is
very much afocus we need today,” Craw-
ford said. “And this one shows that we in
the United States are going to have to come
to grips with the problem.”

Another environment-related slide shows
what is needed to generate 1000 MWe
among a host of renewable sources. 3000
wind turbines, 30 000 km? of wood for bio-
mass, 100 km? of cells at 10 percent effi-
ciency for photovoltaics. Nuclear energy re-
quires less than 1 km? of space for a plant
to generate that amount of electricity. “ Our
vice president who uses this slide most of -
ten callsthishis‘Pigsand Chickens' dlide,
because it showsthat to equal the output of
one nuclear plant, 60 million pigs or 800
million chickens would be needed to pro-
duce that much energy through biogas.”

The futurefor hydrogen demand and pro-
duction is also good to point out. Because
much of the sweet Texas crude oil hasbeen
used up, alot of hydrogen is currently be-
ing used to refine the imported sour crude
oil, Crawford said. “ Sour crude requiresthe
injection of hydrogen in the refining process
toraiseits heat content and energy content.
So, the more cars we have, the more gaso-
linewe re going to need to import, and, fur-
ther, the more hydrogen we're going to
need.”

In the future, the demand for hydrogen
will beup to 40 timeswhat it isnow, Craw-
ford said. Wherewill it all comefrom?This
iswhere nuclear can be stressed as along-
term solution to the hydrogen demand, he
said.

There aretwo waysto get hydrogen from
nuclear power—related processes. Electrol-
ysis gives an efficiency of around 25 to 40
percent and can be used with many of the
current generation of plants. “All electrol-
ysis needs is power and water. The power
can be used to split thewater into hydrogen
and oxygen at the point where you want to
use the hydrogen,” Crawford explained.

The other way, and perhaps abetter long-
term solution, would involve thermochem-
icaly splitting water using Generation IV
reactor technology. “The higher-tempera-
ture, gas-cooled reactors can be 50 to 60
percent efficient in making hydrogen. And
they can do it by actually being so hot they
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will split water into hydrogen and oxygen
right there in the reactor,” Crawford said.
Last, Crawford said he believes public at-
titudestoward nuclear can be positiveif the
public is given the right information. That
information can include reminding people
that the majority of
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The planning process entails a strategic
business plan that coversthe next six years.
A complementary document—Fort Cal-
houn’ sfinancia plan—"isthetrandation of
the strategic business plan into dollars and
cents,” Gayoso said.

peoplein the United
Statesfavor building
new plants. Accord-
ing to figures from
Bisconti Research,
Inc., the number of
people definitely
agreeing that more
nuclear power plants
should bebuiltinthe
future rose from 45
percent in October
1999 to 65 percent
two years |ater.
“Inall our presen-

The number of people
definitely agreeing that more
nuclear power plants should
be built in the future rose
from 45 percent in October
1999 to 65 percent

two years later.

tations, we include

this key message. We don’t want people to
think that nuclear is evil. We want to show
that generally, the public, two out of three,
understand that nuclear energy isbeneficial
today and they definitely think we should
build more power plants.”

Money savers

What do plate-type heat exchangers,
fiber-reinforced polymers, and reactor pow-
er uprates have in common? They all have
helped nuclear power plants control their
bottom lines. To that end, money-saving
ideas, lessons learned, and benchmarking
tips were the sorts of information available
at the “Financial Performance Enhance-
ments at Operating Nuclear Power Plants’
Session.

The Omaha Public Power District’ s Fort
Calhoun is undergoing renovation in order
to operate into the 2030s. The plant, a478-
MWe (net) Combustion Engineering pres-
surized water reactor |ocated in eastern Ne-
braska, was approved last November for
license renewal by the Nuclear Regulatory
Commission.

Michael Gayoso, Fort Calhoun’s mana-
ger of planning and
costs, said that new
steam generatorsand
a new reactor vessel
head will be placed
in service in 2006, a
power uprate of up to
100 MW is sched-
uled to be completed
in 2008, and other
plant improvements
will be accomplished
during the same timeframe. In total, more
than $400 million will be spent on rehab-
bing Fort Calhoun. “Now more than ever,”
Gayoso said, “a well-managed planning
process is essential to maintaining cost
competitiveness.”
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The strategic plan provides guidance to
managers who have to deal with unbudget-
ed expendituresthat arise during the course
of business. The guidance“issimple and ef-
fective,” he said. “It requires teamwork,
trust, integrity, and simplicity. Wecall it the
Ten Step Process.”

The Ten Step Process includes such ac-
tions as determining whether or not the
added expenditure can be absorbed into the
department’ s existing budget and, if not,
meeting with division managers to see if
funds can be shifted from one division to
another. “This processisno panacea, but it
isworking for us,” Gayoso said. “ So far,
there has not been aneed to go to step 10,”
which entails getting the chief nuclear offi-
cer involved to decide whether to revise the
original budget to appropriate funds.

At Tennessee Valley Authority’s
Browns Ferry nuclear plant, in Decatur,
Ala., an extended power uprate is planned
for the plant’ s three units, which are Gen-
eral Electric boiling water reactors. Units
2 and 3 are currently operating, while Unit
1 was shut down in 1985 and is undergo-
ing arecovery project that will restart the
unit in 2007. Units 2 and 3 are each rated
at 1118 MWe (net), and Unit 1 is at 1065
MWe (net).

To increase power, Browns Ferry will
use atechnique devel oped by GE for “max-
imum extended load linelimit analysis con-
ditions,” explained TVA’s Wally Justice.
According to Justice, the technique will al-
low each Browns Ferry unit to achieve an
output of 1280 MWe. Because of the in-
creased power, plant modifications will be
doneto handletheincreased flows and pres-
sure, and as such, a few issues have been
identified for resolution. For example, “the
high-pressure turbine pressure is predicted
to approach the design limits on the high-
pressure heater shell,” he said. Justice
added that engineering studies were under
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way to evaluate possible options, and a
study also was being completed to address
recirculation system vibration.

Uprating the unitswill add approximate-
ly 375 MWe of generation to Browns Fer-

Welded rotor technology has been used
by Alstom since the 1920s. It has been ap-
plied on nuclear steam turbine rotors since
1965 and, so far, Alstom has supplied more
than 200 large welded L P rotorsworldwide.
But use of welded

Less than five years after
installation of the original
tube-and-shell aluminum
heat exchangers, Cassells
said, significant tube leakage
developed due mainly to tube
vibrations at the baffles.

LP rotor technology
aone is not suffi-
cient to eradicate
SCC, Mandement
cautioned. Attention
must also be paid to
the mechanical de-
sign in order to lim-
it the peak stresses
to a minimum in
critical areassuch as
“blade root fasten-
ingsor fillet radii be-
tween rotor disc and
hub,” he noted.

ry, said Justice. “ Coupled with alicense ex-
tension for the units, the economics of
increasing the generation capacity of an ex-
isting facility are very positive,” he said.

Preventing stress corrosion cracking
(SCC) of steam turbine rotors was the sub-
ject of Olivier Mandement’s talk. Mande-
ment, of Alstom Power, detailed a wide-
scale retrofit program launched by
Electricité de France
for its nuclear units.
Three main factors
influence the extent
of susceptibility to
SCC of a steam tur-
bine rotor, he said:
the material yield
strength, the stress
levels, and the oper-
ational environment.
“Materials of high
yield strength are much more susceptible to
SCC than materials of low yield strength,”
hesaid. “Testsclearly showed that SCC can
occur at applied stresses significantly low-
er than the material yield strength” (below
70-80 percent). “Therefore,” he continued,
“maximum resistance to SCC is obtained
by specifying thelowest possiblerotor yield
strength and by keeping the peak stresses
as low as possible and always below the
SCC threshold stresses.”

There are two basic design principles to
prevent SCC: first, the use of welded rotor
technology, and second, “a careful me-
chanical design,” he said.

Mandement explained that the general
level of tangential stresses istypically 35
percent lower in awelded rotor than in a
shrunk-on discsrotor. “Welded rotor tech-
nology leads to reduced levels of compo-
nent stresses and, therefore, consequent
high material strength is eliminated,” he
said. “This technology allows the use of
lower yield strength materials with a high-
er SCC resistance.”

Mandement
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Mark Cassells, of
the National Institute of Standards and
Technology, explained the benefits of plate-
type heat exchangers, which, at nuclear
power plants, are primarily used in auxil-
iary systems. The 20-MW research reactor
at NIST is heavy-water moderated and
cooled.

Less than five years after installation of
the original tube-and-shell aluminum heat
exchangers, Cassells said, significant tube
|eakage developed due mainly to tube vi-
brations at the baffles. Special aluminum
plugs had to be designed to seal the leaky
tubes. The aluminum heat exchangerswere
replaced by tube-and-shell stainless steel
units. Immediately after installation, sig-
nificant tuberattling was noted in the vicin-
ity of the U-bends. A window wascut in the
shell, and the tubes in the area were laced
to provide added support.

Thisfix seemed to have worked well for
afew yearsuntil tube leakage again devel-
oped. The decision to eventually switch to
plate-type heat exchangers was made “be-
cause they provided the best assurance for
reliability and zero cross leakage when
properly designed, specified, and con-
structed,” Cassells said.

CassdlIsexplained that plate-type heat ex-
changersareaseriesof grooved platessealed
by gasketswith aternating crossflow of pri-
mary and secondary water in between the
plates. “In millions of hours of operation,
there has never been any leakage through the
plates,” he said. However, fouling duetoim-
purities in the water and degradation of the
gasket material seemed to occur rather fre-
quently, requiring disassembly of the unit for
cleaning and replacement of the gaskets. Six
design specificationswere made, such as, for
example, that the heat exchangers had to be
made of stainless steel type 316 L.

Three heat exchangers wereinstalled in
the NIST reactor in the same space as the
previous two. The total cost, including
added features and modifications, was|ess
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than one-fifth of the cost of two tube-and-
shell heat exchangers with similar perfor-
mance specifications. “ The heat exchangers
have been operating flawlessly since their
installation in 1995,” Cassells concluded.

A new technology is increasing the us-
able life of components and structures at
nuclear plants, according to John Charest,
of Universal Utility
Services. The tech-
.| nology, known as

Fiber  Reinforced
Polymers, or FRP,
uses carbon fibers
and high-strength
epoxy resins to re-
store or enhance the
structural or pressure
boundary capacity of
plant equipment and
structures such as piping, pumps, and heat
exchangers.

Repairs are typically accomplished in-
place with small crews and completed dur-
ing arelatively short time. For example,
Charest explained, two- or three-man crews
with minimal equipment perform the work.
“The work often can be completed during
regularly scheduled shutdown times,” he
said. “These crews can work around exist-
ing obstacles and do internal pipe strength-
ening with access only through amanhole.”

Prior to FRP installation, the repair area
is worked to eliminate any degradation of
the base materia. There aretwo typesof in-
stallations: “ contact critical” and “bond crit-
ical,” hesaid. A contact critical installation
involves applying the FPR, whichis put on
like wallpaper paste, completely around the
component until it “re-bonds to itself,” he
said. Then there are bond critical applica-
tions, which require a bond between the
FRP and the component.

FRP repair has been done to piping at
Duke Power nuclear plants, as well as at
Millstone and Indian Point, according to
Charest. The bottom line, he said, is that
FRP repair of pipesand components can be
done at about 20 percent of the cost of in-
stalling new parts.

Ken Ferguson, of Aspen Systems, made

- observations about
nuclear plantsin the
post-license renewal
environment. There
is much optimism
about license renew-
al, Ferguson noted,
but therealso are new
issues for the indus-
try. For example,
while the NRC can
renew a plant’s li-
cense for 20 extra years, that plant’s man-
agement now has to determine how to reli-
ably and cost-effectively manage the plant.
Focus now can be placed on systems, struc-
tures, and components that were not neces-

Charest

Ferguson
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sarily key contributors to safety, he said,
“and $600 million later, you have the plant
you want to go into thefuture.” Inthis sense,
Ferguson added, license renewal is an “in-
terim achievement, it’s not the end one.”
Ferguson observed that aplant’ sattention
toinformation management isimportant for
dealing in a business-effective manner asa
plant moves forward. “Key organizations

need to be involved in a common under-
standing of work processes that exist or
should exist at the nuclear plant,” he said.
The plant organizations that would bein-
volved in establishment of information man-
agement enhancements, he said, would in-
clude operations, maintenance, engineering,
and nuclear safety and licensing, for exam-
ple. Some key nontechnical organizations
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that would have their own information man-
agement needs would include procurement,
quality assurance, human resources, and fi-
nancia organizations. “ Additional overarch-
ing concerns such as plant power level up-
grades, outage management, inventories of
partsand materials, and security will needto
be represented aswell,” he said.—Dick Ko-
van, Rick Michal, and Patrick Snco

TOPICAL MEETING

Atoms for Peace—Updating the vision

HALF CENTURY HAS passed
A since President Dwight D. Eisen-

hower made his* Atomsfor Peace’
speech to the United Nations. Hisvision was
to avoid nuclear war and an arms race with
the Soviet Union, contain Soviet expansion,
and prevent proliferation worldwide. Dur-
ing his talk, on December 8, 1953, Eisen-
hower proposed that the world should work
together to devise methods that would allo-
cate nuclear materials “to serve the peace-
ful pursuits of mankind.” Expertswould be
mobilized to apply “atomic energy,” as
Eisenhower noted, to the needs of agricul-
ture, medicine, and other peaceful purpos-
es. (See NN, Nov. 2003, p. 38 for the full
text of the “Atomsfor Peace” speech.)

Fifty yearslater, Eisenhower’ svision has
been and isbeing realized, astoday nuclear
technology benefits the world through var-
ious applications. An embedded topical
meeting, Global 2003—Atoms for Pros-
perity: Updating Eisenhower’s Global Vi-
sion for Nuclear Energy, offered sessions
dealing with some of those applications.
Topicsincluded the importance of interna-
tional cooperation to the expanded use of
nuclear technology, the efforts made world-
wideto devel op next-generation nuclear en-
ergy systems, and the success of Russian-
American fissile materials disposition
programs.

One session, “Atoms for Peace 1953—
2003: What are the promises of the future?”’
provided comments on Eisenhower’s path
to “Peace,” some predictions about where
nuclear technology is headed, information
on nonpower applications of the technolo-
gy, and news on national security issues.

Eisenhower’ s task in 1953 was much as
itisfor today’sleaders, according to Mike
Wheeler, of SAIC. That task was to allow
the spread of peaceful applications of nu-
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Major points of the session:

[] Ike's speech was “ fairly amazing”

[1 Hisvision was “ very successful”

[] Create a“ new partnership”

[1 A proposal for “fuel leasing”

[1 * Contributed enormously to humanity”

[] Focus on security “ before all else”
[1 Security from U.S. leadership

clear technology while protecting against
the spread of nuclear weapons. In that re-
gard, the speech was, for its times, “fairly
amazing,” Wheeler said. While Eisenhow-
er realized the importance of nuclear
weapons to Western security, he wanted to
stabilize the arms-race situation with the
Soviet Union. “He was |ooking for modest
openings in terms of being able to make
progresswith Russians,” said Wheeler. “He
wanted to have a dialogue under way.”

Eisenhower also recognized that even if
the United States had not taken the initia-
tive, commercialization of nuclear power
was going to be inevitable. “It already was
happening elsewhere,” Wheeler said, “but
he wanted to put the United Statesin alead-
ership position.”

All of this was done in an atmosphere
where even some of Eisenhower’s admin-
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istration were not interested in arms con-
trol. Without the President’s resolve in
making his speech, Wheeler said, “we
would probably not have the kind of pro-
posal that was made in December 1953.”

John Taylor, retired from EPRI, com-
mented that Eisenhower’s vision has been
“very successful.” For example, hesaid, the
spread of nuclear weapons, which had been
predicted to be in the hands of at least 25
countriesin the yearsfollowing the speech,
“istoday [in] about seven [countrieg] . . .
maybe nine, depending on what really has
happened,” he said.

There have been setbacks however, Tay-
lor noted. Theseinclude the deficienciesin
worldwide inspection, export control, and
compliance measures, and the fact that
more nations are now undertaking weapons
development. Still, he said, the foundation
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of Eisenhower’ svision hasbeen laid: There
are 441 nuclear power reactors worldwide,
providing 16 percent of the world’s elec-
tricity; 32 plants are under construction,
most in Asia; many countries depend criti-
cally on nuclear’ s contribution to electrici-
ty generation; the average capacity factor at
U.S. nuclear plantsis at record levels, ex-
ceeding 90 percent in 2002; and production
costs of U.S. reactors were 1.71¢/kWein
2002, and in 2001, at 1.68¢/kWe, arecord
low.

Future prospects for nuclear are good,
Taylor said. Various projections call for
eectricity growth ranging from 140 percent
to 480 percent by 2050, depending on eco-
nomic conditions. A challenge for nuclear
will be staying cost competitive with other
generators, he observed. General Electric
ABWRs (being built in Japan) are estimat-
ed to run at $1400-$1600/kWe. The West-

undersecretary of the Department of Ener-
gy, posed the question, “Where are we in
the legacy of nuclear materias over these
last 50 years and what are the implications
for going forward?’

Thelegacy of the weapons programs, es-
pecialy in the United States and Russia,
provides “considerable opportunity,” Mo-
niz said, in that the future will include “all
kinds of nuclear activities, including civil-
ian nuclear power.”

Moniz advocated development of a new
partnership, now during thistime of the 50th
anniversary of Eisenhower’s speech. The
partnership would pull together stronger
safeguards and material s protection control;
bring collaboration on nuclear terrorism,
smuggling, and international violations; add
protocolsthat would be universally applied;
accelerate disposition of weapons materials
using market forces in the nuclear fuel cy-
cle; and view inter-

Thus, if carbon-free,
pollution-free electricity is to
expand, and if nuclear
weapons stockpiles are to be
reduced, the world will need
to cooperate to go forward
with nuclear.

national spent fuel as
a nonproliferation
benefit.

There also would
be cooperation, he
said, in advanced
plutonium R&D, in
waste management,
“and in devising off-
rampsfor those who
are not collaborating
properly within the
international
regime.”

What remains, he

inghouse AP-1000 is estimated at $1000 to
$1400/kWe, and modular direct-cycle
HTGRs are estimated in the same general
range. New nuclear plants would be com-
petitive with combined-cycle gas turbines,
Taylor said, if gas prices are between $3.80
and $6/million Btu. Gas prices, incidental -
ly, over the past decade have run aslow as
$3/million Btu, but now are edging up to
the $5-$6 range, he added.

Taylor explained actions that are needed
to shapethe global future and to keep alive
Eisenhower’s vision. These include defin-
ing a collaborative international regime to
foster economic contributionsto energy and
social needs, and maintaining high stan-
dards of safety and proliferation resistance.

Other actions, he said, include increas-
ing the inspection and monitoring abilities
of the International Atomic Energy
Agency; strengthening export controls and
MPC&A (materials protection control and
accounting); providing international re-
gional fuel services; and ensuring “that se-
curity comesfirst, that the nuclear futureis
what we choose, and not the result of drift
and inattention.”

Ernest J. Moniz, professor of physicsand
director of energy studies at the Massa-
chusetts Institute of Technology, and past
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said, is the question
of leadership, finding “someone to come
forward and see that these threads can be
pieced together and really give asecond 50
yearsof ‘ Atomsfor Peace’ withamuchim-
proved nonproliferation, and with a situa-
tion of potentially opening up a genuinely
new fuel cyclefor the future.”

Victor Reis, a senior vice president of
SAIC, proposed aconcept called “fuel leas-
ing” as it relates to
% “Atomsfor Peace” in
theyear 2050. Under
Reis sscenario, there
would be two types
of states: the first a
fuel-cycle state and
the second a reactor
state. The former
state would lease
fuel-cycle services
(such as fuel supply
and fuel recycling) to the reactor state.

The fuel-cycle states would be what are
today the weapons states plus Japan, while
the reactor states would be all others. The
goal of the fuel-cycle states (which them-
selves would have operating reactors)
would be to receive half of their electricity
from nuclear power within 30 years from
today, while the reactor states would re-
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ceive half of their electric power from nu-
clear within 50 years.

The scenario is possible, Reis said, be-
cause there is a need for global expansion
of electricity, but without carbon and pol-
Iution emissions. There also are the securi-
ty issues. “In terms of international securi-
ty,” hesaid, “wewant no major wars, no or
very [few] rogue states, no international ter-
rorism, and regional conflicts settled. And,
intermsof international relations, we'd like
to haveinternational norms on national be-
havior and extensive trade. All of these
things are basically coupled.”

Thus, if carbon-free, pollution-free elec-
tricity isto expand, and if nuclear weapons
stockpiles are to be reduced, the world will
need to cooperate to go forward with nu-
clear. But, Reis concluded, this would not
be a challenge for the nuclear industry, but
would be an opportunity.

Other applications

In addition to nuclear power, Eisenhow-
er stressed gpplicationsin other areas such as
medicine, agriculture, and industry. Addi-
tional areas today include environmental
protection, public safety, and space appli-
cations.

Alan Waltar, director of nuclear engi-
neering at Pacific Northwest National
Laboratory and an
ANS past president,
provided statistics
that showed that
nonpower applica-
tions of nuclear tech-
nology had an im-
pact on the U.S.
economy in 1995 of
$331 billion in sales
while providing 4
million jobs. (By
comparison, for that same year, nuclear
power itself had $90 billion in sales and
provided 440 000 jobs.)

The main mover in those nonpower num-
bers is medicine, according to Waltar.
Gammarays sterilize surgical dressings, su-
tures, catheters, and syringes, while more
than 80 percent of all new drugsin the Unit-
ed States are tested with radioactive tagging
before government approval isissued. Also,
between 200 and 300 radiopharmaceuticals
arein routine use.

Diagnosisisthe areain medicine where
nuclear hasthe largest impact. Thereare X
rays, imaging using technetium-99m, and
the SPECT (single photon emissions com-
puted tomography) and the PET (positron
emission tomography) systems. “ Thereare
about 12 million patientsayear in the Unit-
ed States alone that benefit from nuclear
medicine,” said Waltar. “One in three pa-
tientsthat enters our nation’ s hospitals and
clinics benefit from nuclear medicine.”

Waltar then turned to nuclear’s applica-
tionsin agriculture. “There are ways of us-

Waltar
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ing radiation to get these kinds of attributes:
better crop yields, improved nutrition, im-
proved processing capabilities, and better
diseaseresistance,” he said.

Since the 1920s, more than 30 nations
have devel oped about 2250 new crop vari-
eties, and of that, radiation was used to de-
velop about 90 percent of them. Sixty per-

Radiation applications are used in envi-
ronmental control (such as measuring CO,
levelsin seawater), security measures (lug-
gage inspection), and in home use (smoke
detectors).

In outer space, NASA uses radiation
from plutonium-238 for for electricity and
heating in space probes, and has plans for
nuclear propulsion

Isaacs added that he wasn’t
convinced the world could
continue “in a regime that
continues to make such a
crass distinction of haves and
have nots at the same time.”

for missionsto Mars
and back.

The bottom line,
Waltar said, is that
about 5 percent of
the gross national
product in the Unit-
ed States (and, simi-
larly, in Japan) is
due to the nuclear
industry. So, while
progress has been
made and there are

cent of those new crops have been added
since 1985, which has benefited China
enormously, Waltar noted. “Over one-
fourth of the crops of food produce grown
in Chinais dueto radiation,” he said, “and
in the United Statesit’s about 6 percent.”

Other interesting insights: In Scotland,
most of the ales, whiskeys, and beers are a
result of the radiation industry. In Italy,
since 1984 more than half of the wheat
grown was due to radiation. In Pakistan, a
nation that was close to exiting the cotton
business, anew variety dueto radiation de-
velopment techniques resulted in a dou-
bling over the past five years of new cotton
strains.

There aso isfood irradiation, which is
gaining alot of attention these days, Waltar
noted. “In the United Statesalone,” he said,
“you have about 5000 deaths every year and
76 million cases of food poisoning.” Irra-
diating certain foods before they are con-
sumed could have an impact on lowering
those numbers.

In the United States, the federal govern-
ment has approved irradiation of spices,
poultry, and red meat. Such food is aready
consumed by, among others, astronauts and
open-heart surgery patients. “The exciting
thing,” Waltar said, “is that just within the
past year or so there are placeslike Albert-
sons, Safeway, Giant Eagle, and Winn-Dix-
ie that are starting to put some irradiated
foodsin their markets.”

In industry, radiation is used in process
controls for thickness gauges (for sheet
metal, paper, and textiles) and density/lev-
el gauges (0il and food). For materialstest-
ing and inspection, radiation is used to de-
tect engine wear, check for weld defectsin
airplane parts and in oil/gas pipelines, and
look for corrosion in metals. For personal
care items, it is used on contact lens solu-
tion, bandages, cosmetics, and disposable
baby diapers.
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still issues to be
tackled, “I think,” he said, “we can all say
we can be very proud to have contributed
enormously to humanity.”

Ike' sintent

What the industry must realize is that
Eisenhower’ s speech was not a blueprint
for design, but rather aframework for how
to think about nuclear expansion, accord-
ing to Thomas Isaacs, director of Strategic
Policy and Planning Activitiesat Lawrence
Livermore National
Laboratory. In to-
day’s world, where
concern about terror-
ists' obtaining quan-
tities of nuclear ma-
W terialsishigh, itisno
longer business as
usual, he said. In-
stead, theremust bea
focus on security be-
fore al else. “My
own view isthat security first has got to be
the mechanism by which we think about
things nuclear in the future,” he said.

| saacs remarked that most people hold
varying opinions about the security mea-
sures needed. Some believe that athreat is
imminent and that there isthe potential for
detonation of nuclear weapons in major
citiesaround theworld. Then there are oth-
ers who believe that the IAEA system
works fine and there is no real concern.
“That sense of urgency has got to be dis-
cussed, argued over, and reconciled,” he
said. “In my own view, it is a sense of ur-
gency we need.”

The problem the world faces, he said, is
one of the “haves and have nots.” This
problem had itsroots at the beginning of the
Non-Proliferation Treaty in 1968, when the
five nuclear weapons states at that time—
the United States, the Soviet Union/Russian
Federation, the United Kingdom, France,

Isaacs
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and China—were grandfathered in to allow
them to behave in one way, while all the
other countriesin theworld weretold, “You
don’'t get to develop these weapons and if
you promise not to misuse these materials,
we'll give you access to civilian [nuclear]
technologies,” he said.

I saacs added that he wasn’t convinced
the world could continue “in aregime that
continues to make such a crass distinction
of haves and have nots at the same time.”
He noted that new rules have to be figured
out in order to allow nuclear power to
grow and develop. “ Somehow, we' ve got
to move in the direction where somebody
exercises a sense of vision that brings the
nuclear community together and has the
leadership to actually make it happen,” he
said.

Eileen Verbino, talking on nuclear tech-
nology governanceissues, commented that
nuclear knowledge, nuclear civilian appli-
cations, and nuclear weapons are going to
be a part of the world for a long time to
come. “Regardless of whether you believe
in the abrogation of nuclear weapons, we
have a legacy we're dealing with,” said
Verbino, of LLNL. “Nuclear weapons are
not going to disappear overnight. Therefore
we need a governance regime where we
work toward the time where nuclear know!-
edge, technologies, and materials contribute
to international stability and they provide
the underpinningsfor prosperity, freetrade,
and travel.”

Governance can balance the need for
maintaining national sovereignty and inter-
national security, she noted. The objectives
areto provide effectiveinternational agree-
ments to prevent the acquisition and use of
nuclear weapons; establish an effective, af-
fordable international system to reduce the
probability of nuclear terrorism; have an ef-
fective regimefor verification, compliance,
and enforcement; and construct a nuclear
regime in which thereislittle usable mate-
rial available.

Public communication a so holds aplace
in security matters, Verbino said. In the
minds of the public, nuclear weapons and
nuclear technology arelinked. “What needs
to happen isthere hasto be adialogue with
the public about the value of nuclear tech-
nology,” she said. “It's an engagement
process. | bristle every timel hear theword
‘education.’ It is about engagement.”

The industry needs to understand “how
to communicate the uncertainty about ter-
rorism, about the nuclear materials, about
the governance system, about our decision
process,” she said.

Verbino ended by noting that the world
looks to the United States first in matters
concerning nuclear. “The U.S. will go a
long way toward the goal of security, while
promoting the use of nuclear technology,
by providing leadership,” she said.—Rick
Michal W
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