
W I L L I A M MA G W O O D remem-
bers back to 1998, when the
Department of Energy’s budget

for nuclear energy R&D was $0. He was
asked at the time by international visitors
what that meant, what the message was that
the United States was sending the world
about the future of the industry. “The an-
swer,” he said, “was that, quite frankly, we
just had not done a very good job in plan-
ning for the future, i.e., the reactor program
and some other things.”

There also were those several high-rank-
ing government officials, Magwood said,
who pulled him aside and said, “Why are
you worrying about this? Nuclear power 
isn’t going anywhere. Deregulation is go-
ing to make it impossible to ever build an-
other nuclear power plant.” It was a gloomy
time, indeed, for the industry, he said.

Fast forward to 2004, when Magwood, in
assessing the technology’s future prospects
during the opening plenary of the Ameri-
can Nuclear Society’s Winter Meeting in
Washington, D.C., told the audience,
“You’re a much happier crowd these days.”

Much has changed during the six years
since the dark days of 1998. “Looking
back,” said Magwood, director of the

DOE’s Office of Nu-
clear Energy, Sci-
ence and Technol-
ogy, “I think it’s easy
to say that we passed
the crossroad five or
six years ago and we
came out on the pos-
itive side of it.”

As general chair of
the ANS meeting, ti-
tled Leadership To-

ward a Progressive, Integrated Nuclear
Community—Going Forward Together,
Magwood’s message was that “the revival
of nuclear energy in the United States and
all over the world is already happening right
now.”

As examples, he pointed to the ongoing
push to build new reactors in the United
States, the increase in the number of college
students enrolled in nuclear engineering
programs, and the burgeoning international
cooperation to develop new designs for
next-generation plants.

Participation in the Winter Meeting might
be another measure of that revival. More

than 1300 participants signed up for the
meeting, held November 14–18, 2004, “one
of the larger gatherings we’ve had with the
ANS,” Magwood said. There were also 74
exhibitors and about 120 nuclear engineer-
ing students who attended.

The meeting’s opening plenary was di-
vided into two parts. The first part featured
presentations on nuclear’s prospects around
the world—and in outer space. The second
part consisted of a panel discussion on No-
vember’s election results and the path for-
ward to an energy policy in the United States.

World view
Donald Johnston, secretary-general of

the Organization for Economic Cooperation
and Development (OECD), stressed that a
critical challenge for the 21st century is cli-
mate change. “The central issue is, of
course, sources of energy and their atten-
dant greenhouse gas emissions, especially

CO2,” he said. “I do not have to remind this
group that nuclear energy does not emit
greenhouse gases.”

Climate change must be addressed
“quickly, seriously, and objectively by the
developed and the developing world,” he
said. He then summarized a report from a
group of NGOs (nongovernmental organi-

zations), independent
citizen organizations
that are increasingly
active in policymak-
ing at the United Na-
tions. The report al-
leged that global
warming will hit
poor countries the
hardest, and these
countries will experi-
ence more flooding,

declining food production, more disease,
and the deterioration or extinction of entire
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ecosystems upon which many of the
world’s poorest people depend. He further
warned, “None of us will be spared.”

What can be done? Johnston said that
while many people, especially those in the
Green movement, look to renewable energy
sources such as wind and solar power as the
answer to climate change, data from the In-
ternational Energy Agency show that the
world’s renewable energy consumption
represented only 14 percent of total demand

in 2002, and will represent only 14 percent
of total demand in 2030, according to IEA
projections. Meanwhile, the IEA’s projec-
tions say there will be a 60 percent increase
in the world’s energy demand between
2002 and 2030. “On those projections, we
can hardly look to renewable energy as a
means of effectively addressing greenhouse
gas emissions,” he said.

Johnston commented that while there is
the prospect of developing nuclear fusion as
a power source, “no matter how promising,
it is many years away—too far to impact the
immediacy of the problem at hand.”

That leaves nuclear power (fission) to
combat global warming. It remains “the
only reliable and proven source of energy
which can bridge the next 50 to 100 years,
while new technologies, such as fusion, hy-
drogen, renewables, whatever, are further
developed,” he said.

The bottom line, he added, “is that a mas-
sive increase in the installation of nuclear
energy capacity . . . should lie in our fu-
ture—our immediate future. It appears to
me that the fear generated by some NGOs
in the public mind has succeeded in build-
ing a wall of political resistance in many
countries which must be broken down.” He
suggested the hiring of credible spokesper-
sons from outside the industry to make
known the facts about the operational safety
of nuclear facilities, guarantees against pro-
liferation, and nuclear waste disposal.

Ignoring nuclear power in the world’s en-
ergy plans is becoming increasingly diffi-
cult, said William Magwood, who stepped
in to make a presentation for the DOE when
the scheduled speaker from that agency
couldn’t make it. Using electric power
sources in the United States as an example,
he said that about 1 percent of U.S. energy

comes from non-hydro renewables. “If we
meet our aggressive goals and quadruple
that over the next decade, it will be 4 per-
cent of U.S. requirements,” he said. “That is
not the way to create an energy policy.”

Nuclear power has to be part of “the en-
ergy mix,” he said, and that is why the
President, Vice President, and Secretary of
Energy went public in saying that nuclear
power was important and should be ex-
panded in the future. “We’ve really been

moving down the
chain in a lot of ac-
tivities to try to
make that happen,”
he said, pointing to
the DOE’s issuing
of two grants ($4
million to NuStart
Energy and $9 mil-
lion to Dominion) to
assist with building
new nuclear power
plants. “The fact
that we’re able to
work with the indus-

try at this point to move forward, that a new
power plant can occur, is really a credit to
the industry,” he said. “As you recall, it
wasn’t that long ago that the industry was
very ambivalent about it.” 

Magwood added that the DOE has been
working with three utilities and the Nu-
clear Regulatory Commission to exercise
that agency’s Early Site Permit (ESP)
process. If the task of securing ESPs is
successful, he said, “I believe that some-
time in 2006 there will be three sites in the
United States that [will be] permitted for
construction of nuclear power. This will
be a major accomplishment.”

He said it was important, too, to look be-
yond the short term (Generation III) to next-
generation plants (Generation IV). “I was
at a meeting in Paris recently where we
heard top-level plans for nuclear generation
from representatives from several coun-
tries,” he said. “The most remarkable thing
about that meeting was that the U.S. partic-
ipant, the European participant, and the
Japanese participant were saying almost ex-
actly the same thing. I think this is due
largely to the fact that we’ve been commu-
nicating with these international communi-
ties on these issues more aggressively and
with more detail than ever before.”

Many countries involved within the Gen-
eration IV context have discussed the possi-
bility of working together to develop one
technology instead of four or five technolo-
gies. “And considering the fact that this proj-
ect will probably cost about $2 billion or so
once it’s done, it seems to me it would make
more sense to spend $2 billion internation-
ally than to spend $8 billion [total on four
technologies] one country at a time,” he said.

In that regard, it is important that the
United States recognize the work being done

today in other countries, “particularly Ger-
many with the EBR process and Japan with
their demonstrator,” he said. “China is mak-
ing tremendous progress with their hydrogen
reactor technologies. It’s important that we
work with our international partners to bring
as much of that as we can,” because interna-
tional cooperation will change the face of nu-
clear development. “We can change the mar-
ket now for nuclear energy away from what
we’ve done in the past—one plant at a time,
one country at a time,” he said.

Another area that should remain in focus
is nuclear technology education, he said.
“In 1998, there were 60 students in nuclear
engineering [in U.S. institutions], and
we’ve increased that to 1400, but we can’t
stop there.” He said the DOE has been ac-
tive in forming partnerships with universi-
ties to increase nuclear programs.

The regulatory side
Offering his views from the regulatory

side of the aisle was Nils Diaz, NRC chair-
man. “For the utilization of nuclear technol-
ogy to advance to a new level of perfor-
mance in the 21st century, nuclear regulation
needs to be better, more predictable, more
usable, more consistent across borders, and
more risk-informed,” he said.

The world is shrinking every day, Diaz
observed, and leadership by nuclear regu-
lators should contribute to a progressive,
more integrated nuclear regulatory commu-
nity. “In fact,” he said, “nuclear regulation
needs to be better managed to better serve
individual countries as well as international
needs. Nuclear regulation is a complex
techno-legal construct that requires con-
stant examination and management, even
apart from sociopolitical issues.”

Diaz claimed that there are “more strik-
ing differences” in the global regulation of
nuclear power than in the technology and
operation of the plants themselves. “I value
the distinct contribution that each nuclear
regulator makes to safety within each coun-
try’s framework,” he said. “However, I be-
lieve that more convergence on the regula-
tory framework and its tools would enhance
predictability and decision-making.”

While a country’s licensing and regula-
tory authorities should remain strong and
fully responsible for making regulatory de-
cisions within that country’s boundaries,

there are parts of reg-
ulations that Diaz be-
lieves are amenable
to “internationaliza-
tion,” he said. “I be-
lieve that safety will
be better served
when certified de-
signs can be accepted
across borders as a
commodity, fully re-
specting property

rights and the licensing responsibility of

Diaz
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regulatory authorities. Therefore, I am con-
vinced that regulators should seek to de-
velop the tools needed to certify new reac-
tor designs, as well as to certify the related
research programs used to validate these de-
signs, using bilateral or multilateral agree-
ments. The bottom line is that safety and
regulatory decisions would be facilitated
globally.”

Diaz remarked that regulatory activities
need to keep pace with changes in the indus-
try and that regulations need to be main-
tained in step with technology developments.

Nuclear’s role in space
Technology development was a theme of

Theron Bradley’s talk about nuclear’s role
in space applications. Bradley, former chief
engineer at NASA, said that the agency has
been looking at nuclear as a power source to
support instruments such as lasers and radar
that cannot be easily supported by solar
power. Nuclear is also needed to provide
habitability for future generations of explor-
ers, when people follow robots into space.
“These are things that for a variety of tech-
nical reasons, can’t be done by solar power
in the outer planets where there isn’t much
solar energy, or by batteries that aren’t able
to function at -200 °C,” he said.

NASA is continuing to work with the
DOE to produce radioisotope thermoelec-
tric generators (RTGs) to provide power for
space applications. In all, the agency has
launched 28 spacecraft equipped with
RTGs, all fueled by plutonium-238 dioxide
fuel. Bradley said that four of the 28 were
used only to provide heat, such as on the
Mars Rover. “The others also provided
thermoelectric power and were used for
Apollo, Viking, Pioneer, and Voyager—all
the big-name programs of the past, the lat-
est ones being Galileo and the Cassini
probe,” which has photographed and sent
back pictures of Saturn.

At the beginning of flight, the current
RTGs typically provide 250 watts—“That’s
not megawatts, not even kilowatts,” he em-
phasized. They each also weigh about 57
kilograms, which in the spacecraft business
is a lot. “It’s a lot in terms of the total mass
of the spacecraft,” he said, “and it’s a lot
compared to instruments. However, it’s not
a lot compared to the weight of the chemical
fuel currently needed for propulsion.”

Bradley said that NASA is on a path “that
will make practical use of nuclear energy in
new and exciting ways, and it is necessary
in order for NASA to complete its mission.”
The agency is focused on delivering a ro-
bust, reliable technical product that will
form the basis for long-term exploration of
the solar system. “This isn’t a dream,” he
said. “We’re going to go do it.”

View from the Hill
Issues are seen often as only black or

white. For example, Democrats are some-

times seen as being only for energy effi-
ciency, and Republicans, only for energy
supply.

The fact is, according to Tom Kuhn,
president of the Edison Electric Institute,
that both parties are made up of members
who favor a combination of efficiency and
supply. “And any kind of new legislation

should be and has to
be bipartisan and
should combine ele-
ments of both,” he
said, with reference
to a national energy
policy that has been
promoted by the
Bush administration
since 2001 but has
stalled on Capitol Hill
since then. “If we’re

going to move forward on competitive elec-
tricity wholesale markets, we need to move
forward in viability,” which means a mixture
of generating options, including nuclear, fos-
sil fuels, and renewables.

Kuhn noted that the need for an energy
policy is greater than ever. Since 2000, the
price of natural gas had climbed from be-
tween $2 and $3/million Btu to more than
$8 before leveling off. In addition, he said,
“We’ve seen oil
prices soar up to $50
for a barrel of oil,
and gasoline is over
$2 a gallon. Coal
prices have changed
dramatically in the
last year. I think the
one stable factor in
the energy business
is nuclear energy.”

The general pub-
lic is beginning to
see the benefits of
nuclear, too, he said.
That has been reflected through opinion
polls that have shown a dramatic increase
in the numbers now accepting nuclear.
“More and more, as we have climate
changes, people will say, ‘Wow, how are
we going to [reduce CO2 emissions] with-
out nuclear?’” he said.

Capitol Hill has been debating energy
legislation for three years, but an energy bill
is, of course, still pending. When the new
Congress convenes in January, the energy
bill will rightly emphasize energy effi-
ciency, said Kuhn. It should also include
provisions for increased investment in the
nation’s transmission infrastructure, be-
cause the past four years have brought ma-
jor blackouts, he said.

Bob Simon, staff director for Sen. Jeff
Bingaman (D., N.M.), said that there are
four “legs” to an energy policy. First, he
agreed with Kuhn that a bipartisan agree-
ment would rely on many options for pro-
viding power. “I think everybody, regard-

less of where they are in the political spec-
trum, would agree that one of the things we
need to do in any forward-moving energy
policy is to secure an adequate supply of en-
ergy going into the future,” he said. “So, ob-
viously, a good energy policy has to in-
crease energy supplies from a broad range
of sources.”

Second, he also agreed with Kuhn that
the policy needs to increase the efficiency—
and, further, the effectiveness—of the ways
in which energy is delivered and used.

The third leg, again in unison with Kuhn,
has to do with “the first two things, while at
the same time keeping an eye on the envi-
ronmental aspects of energy,” because en-
ergy policy and environmental policy are
inseparable and are linked in many ways,
Simon observed. “In fact, one of the prin-
cipal themes that I see in developing an en-
ergy policy in the next few years has been
developing for some time,” he said. “I think
we will increasingly become involved in a
climate change policy . . . We’re either find-
ing lower carbon paths to producing energy
or more efficient ways of using energy that
we produce, regardless of its source.”

Finally, “the fourth leg of the table of en-
ergy policy” relates to having “an aggres-
sive, coherent, realistic science and technol-

ogy policy going forward,” he said. That
means that most of the problems with the
energy policy to be debated by Congress
and with similar energy initiatives of the
past have been their lack of reliance on
technology. To illustrate, he said, a private
business identifies a problem and fixes it,
but the government likes to muddle around,
never solving the problem. So, what the
government should do, he said, is play up
the “scientific frontiers” aspect of the en-
ergy policy in order to draw the attention of
undergraduate and graduate students, be-
cause it is their young and fertile minds that
will come up with the solutions that are cur-
rently missing. “The task of attracting [stu-
dents] into energy-related areas is a current
problem and something that has to be part
of any current energy policy,” he said. “If
we are going to have the energy technolo-
gies we need years from now, then we need
recently graduated students right now and
in the future who will be key agents in the

Kuhn
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nuclear industry.”
Simon said that the energy bill as pro-

posed by the Bush administration “is more
affected by uniting all the critics than in
uniting all the proponents.”

The fact about the energy bill is that
while the nation has had an election and
George Bush was reelected President, it
doesn’t change realities, according to Pete
Lyons, public policy advisor to Sen. Pete
Domenici (R., N.M.). The realities are that
the future’s electric power will come from
three sources: nuclear, renewables, and
clean coal, because oil and natural gas will
have priced themselves out of the market.

Relying on those three sources will de-
pend on the avoidance of “politicizing”
them. “It’s going to take a sustained, bipar-
tisan effort to try to advance to the point

where all three of
those sustainable en-
ergy sources are re-
ally making strong
contributions to the
energy portfolio in
this country,” he
said. “The more we
avoid politicization
of any of those three
energy sources, the
better we will all be.”

Lyons said he hoped the energy bill
would be a priority for both parties in both
houses. “From Senator Domenici’s per-
spective . . . he had five key points on nu-
clear energy, and I don’t see those points
changing as we look at an energy bill in the
next Congress,” he said.

His first priority is renewal of the Price-
Anderson Act, because “there has to be a
predictable liability framework for nuclear
energy to advance,” Lyons said.

The second priority is the construction of
new commercial reactors, “and that isn’t go-
ing to change,” he said. Domenici regards it
as “absolutely essential that we demonstrate,
perhaps to ourselves, perhaps to utilities,
perhaps to the public, that nuclear energy
can move ahead now, can move ahead
safely, and can move through the licensing
process with new commercial and econom-
ically viable systems,” Lyons said.

The third priority is advanced reactors.
“There has to be a future ‘looking ahead’
with advanced reactor concepts in order to
maintain and rejuvenate the infrastructure
and the educational system in this country,”
he said.

Domenici’s fourth and fifth priorities,
Lyons said, are the advanced fuel cycle ini-
tiative and work force development, which
tie in together. He noted that Domenici
strongly supports the high-level waste
repository planned for Yucca Mountain, but
that he recognizes that better waste solu-
tions are needed, which is where the ad-
vanced fuel cycle initiative comes in.

Regarding what will happen with Yucca

Mountain, and specifically the federal
court’s overturning of the Environmental
Protection Agency’s (EPA) regulations for
groundwater protection, Lyons said he
could not see a solution around that road-
block. The issue involves the unanimous
ruling on July 9 by the U.S. Court of Ap-
peals for the District of Columbia Circuit,
which vacated the 10 000-year compliance
period established by the EPA for regulat-
ing the proposed repository. The court ruled
that the compliance period violated the En-
ergy Policy Act, under which the EPA’s ra-
diation-protection standard for Yucca
Mountain must follow National Academy
of Sciences (NAS) recommendations. The
EPA’s current regulations apply only for
Yucca Mountain’s first 10 000 years of
compliance. The repository’s peak radia-
tion dose, however, would occur after that
period, and a requirement stretching out to
1 million years would be technically feasi-
ble, according to an NAS declaration in
1995. NAS added that the 10 000-year pe-
riod could be acceptable if the EPA showed
that compliance was consistent with “man-
agement of risks from long-lived hazardous
nonradioactive materials.” In that regard,
the court allowed that Congress could en-
act legislation empowering the EPA to de-
viate from NAS’s recommendations.

Lyons said that perhaps Congress would
see fit to have a series of hearings during
the new session on the Yucca Mountain/
EPA matter, or that perhaps the EPA would
consider issuing a revised regulation. “I just
don’t know at this point,” he said. “Again,
that’s high on our list of critical issues for
[2005], and I simply can’t tell you how it
will be resolved. But it has to be resolved
sometime.”

On the contrary, don’t look for the House
or Senate to handle the Yucca Mountain/
EPA issue at all, according to Sue Sheridan,
an aide to Rep. John Dingell (D., Mich.).
Sheridan said the issue was “too hot to han-
dle” for Capitol Hill, and that it is “going to
have to be resolved outside of Congress.”

President’s Special Session
ANS President Jim Tulenko chose the

topic “Energy and the Environment: Golden
Opportunities for the Next 50 Years” for his
President’s Special Session. Much of the
discussion was about how to open up nu-
clear power to those opportunities. One of
the concerns Tulenko raised was the grow-
ing energy demand in the developing world
that would soon dominate the security of
supply and environmental issues with which
the industrialized world is now grappling.
China, he noted, recently overtook Japan as
the second largest importer of oil and in four
years is expected to surpass the United
States. China already uses much more coal
than the United States, and its energy con-
sumption—and the environmental damage
it brings—will continue to accelerate. 

Tulenko left comments concerning the
political scene to the first speaker, Sen. Pete
Domenici (R., N.M.), a powerful nuclear
ally on Capitol Hill. Domenici, first elected
in 1972, said he would discuss where we
have been and where we are going with nu-
clear power, adding that his new book, A
Brighter Tomorrow: Fulfilling the Promise
of Nuclear Energy, gives a much fuller ex-
planation. He has been waiting for some
time now to see if the United States would
come to its senses and move ahead again
with an energy source that is clearly clean
and, taken in total, much safer than any
other form of energy for producing electric-
ity. The United States, he said, finds itself
becoming more and more dependent on im-
ports of natural gas as well as oil. The coun-
try faces a clear dilemma, as there is no re-
lationship more certain than the availability
of electricity and material wealth—“they go
together like day and night.”

Domenici also noted that people every-
where are clamoring about global warming.
The United States has been rather immune
to some of this, he said, in part because
many Americans have not believed there is
a problem—and some still don’t. Most de-
veloped countries are looking at ways to re-
duce emissions, he observed, and France,
which releases very little greenhouse gas
from electricity production, is telling every-

one to sign up for nu-
clear. He noted, how-
ever, that even if
other Western coun-
tries followed the
French example, the
billions of people in
developing countries
who want to improve
their lives will need a
lot of electricity and
have few choices

other than fossil fuels.
Some people want renewables to fill the

energy gap, he noted, adding that, fortu-
nately, others besides those who favor nu-
clear energy—including some enlightened
environmentalists—know that renewables
can solve only a little bit of the problem. In
the meantime, the nuclear option continues
to gain support. Domenici previewed the
views of James Lovelock, a world-
renowned environmentalist, who has said
that nuclear power is the only green solu-
tion to the world’s power needs. The sena-
tor added that the former Bishop of Birm-
ingham, Hugh Montefiori, wrote in the last
few weeks, “As a theologian I believe that
we have a duty to play our full part in safe-
guarding the future of our planet. It is be-
cause of that commitment that I have come
to the conclusion that the solution is to
make more use of nuclear energy.” This led
to the bishop’s being kicked off the board
of Friends of the Earth.

Domenici

Lyons
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Looking at congressional issues, Do-
menici said that an energy bill will be
passed, but its cornerstone is not going to
be energy independence. Like many oth-
ers in Congress, he does not believe that
Americans would accept the sacrifices that
would be necessary to reach independence
soon. And so the legislation will concen-
trate on moving toward diversity of
sources, with a special emphasis on how
we produce electricity, and upgrading na-
tional grid connections, particularly to
avoid more blackouts. At the same time,
he said, we must have feedstock that will
keep the air clean and prevent global
warming.

As for Yucca Mountain, Domenici ex-
plained the current funding problem, which
was worse than usual because of an error
made by the White House, leaving a gap of
some $577 million. (The senator succeeded
in resolving this issue a couple of weeks
later.) Another Yucca Mountain problem,
he said, relates to environmental standards.
“Beyond any comprehension,” the senator
said, a court recently ruled that the Environ-

mental Protection Agency was wrong when
it set a 10 000-year standard for protection
instead of matching the peak dose, which
the National Academy of Sciences sug-
gested might occur in a few hundred thou-
sand years. The issue can be resolved, he
said, through congressional hearings and
new legislation or a new EPA standard, but
he could not say when.

Past ANS President Larry Foulke (2003–
2004) asked if construction tax credits
would be included in the new bill.
Domenici replied that he thinks Congress
will move toward that solution. There will
be a big “hoo-hah” about it, he said, but, as
renewables also need it, he thinks it will
happen.

An environmentalist for nuclear
The next presentation was a video inter-

view of James Lovelock, conducted by Sue
Lyon, president of the British Nuclear En-
ergy Society and director for science and

research at British Nuclear Fuels plc
(BNFL). Lyon noted that Lovelock is one
of the ideological leaders on the environ-
ment and has a “fantastic” standing in the
international community. At the heart of his
beliefs is the Gaia theory, which views the
earth as a self-regulating entity and claims
that anything that affects the earth and its
long-term future is very important to hu-
mankind. Lovelock wondered how so many
environmentalists can think that global
warming is the most important issue facing
mankind and yet deny the opportunity to
use nuclear energy.

Lovelock explained that when the Inter-
governmental Panel on Climate Change
(IPCC) published its first report in 1990, no
one was really sure that global warming was
real. To determine with some certainty that
global warming does exist, the panel set up
a test—based on a rise in temperature be-
yond half a degree Celsius—that it thought
would provide the necessary level of confi-
dence. What surprised the panel was how
soon it was reached: in 1999. Should any-
one, Lovelock said, doubt how bad things

are, just look at the
unprecedented heat
wave in Europe last
summer (2003). It
was, he noted, five
standard deviations
beyond anything that
had happened be-
fore. For Lovelock,
it was almost un-
equivocally a conse-
quence of global
warming. “I regard
that as the first real
warning of much
worse to come.”

Among climatol-
ogists, said Love-
lock, the consensus

is that if nothing is done, at some time dur-
ing this century, a threshold will be passed,
in terms of a rise in temperature and carbon
dioxide concentrations, at which point cli-
mate change will become irreversible. This
means that the world will continue warm-
ing, and the consequences will be with us
for a thousand years. It will be an utterly
changed world that will not be able to sup-
port the current population. We have to
think of our descendants, he said: Are we
going to leave them an utterly impoverished
world because we were too slow, too self-
ish, or too indolent to do anything about it?
We seem to forget, Lovelock stressed, that
we live on a self-regulating planet, and the
comfortable climate we enjoy is managed
by the rest of life.

Lovelock said he disagreed with the
Greens right from the beginning. They have
presented a “false story based on human-
ism,” he said, while his concern is for the
earth. “If we do not take care of the earth,

the earth will be unable to take care of us.
If we damage it, we damage ourselves. The
Greens do not seem to understand this. . . .
They have sucked themselves into a rather
false and bad position of using fear of can-
cer to get support. . . . We all breathed in the
dust of weapons testing in the 1960s. If the
Greens had been even a fraction right, we
should all be dying of much more cancer
than we are. We are not. If anything, the
rate has dropped.”

“Nuclear waste really irritates me,” said
Lovelock. Wastes from nuclear energy, he
said, are one of its major benefits, as there
is so little of it. If the invisible mountains
of carbon dioxide being released are con-
sidered, he said, to fret about a few cubic
meters of high-level waste is “absurd, it’s
ridiculous,” and it is not a problem at all.

The next speaker was Gail Marcus, a past
President of ANS (2001–2002), who cur-
rently is the deputy director general of the
Paris-based OECD Nuclear Energy
Agency, which has done a study on “exter-
nalities” called Nuclear Electricity Gener-
ation: What are the External Costs? One of

the main reasons for
doing the study was
to examine claims by
opponents that nu-
clear power would
be much more ex-
pensive if all the ex-
ternal costs were in-
cluded. The study
actually shows the
opposite, said Mar-
cus, who, along with

Tulenko, thinks the report needs to be bet-
ter known.

Marcus defined an externality as a cost
or benefit that is not included in the mar-
ket price of goods or services. It can be
negative, such as health damages from pol-
lution, or positive, such as contributing to
security of supply. If externalities are not
accounted for, she said, consumers get a
wrong price signal, as society, not con-
sumers, bears the costs of the damages
caused. Market mechanisms then fail to
promote the cheapest option for society as
a whole, she added.

Part of the problem is that in most cases
it is difficult to attach a dollar value to
costs or benefits. For items such as decom-
missioning and waste management, there
are many uncertainties. In the case of the
impact of severe accidents, there will be
some costs not covered by existing forms
of liability insurance, she said. External
benefits, such as security of supply, can be
even more difficult, if not impossible, to
quantify.

“I know there are many here who will
quarrel [with the assumptions],” said Mar-
cus. “ I will point out that we were trying to
do a bounding calculation to see whether
external costs are as large as some people

Marcus
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claim.” In fact, the results demonstrated that
external costs for nuclear power are very
low, she said—only 5 to 6 percent of the to-
tal—and the authors think that this is a good
bounding estimate. Marcus then presented
the external costs of other sources. Nuclear
and the renewables are all found to be much
lower than the fossil fuels. Looking at total
production costs, however, the picture
changes, she observed, with wind power
nearing the total cost of coal and oil (al-
though these figures were from 1999, be-
fore the large increases in fossil fuel prices
of recent years).

In conclusion, she said that internalizing
external costs of all electricity generation
alternatives would only enhance the com-
petitiveness of nuclear energy.

Telling a new nuclear story
The final speaker, Alain Bucaille, from

Areva, described the new approach for han-
dling nuclear public relations adopted in
France some four years ago. A new ap-
proach was deemed necessary because the
national consensus in support of nuclear

power that had ex-
isted since the 1970s
began eroding after
1990, dropping 1
percent every year.
By a happy coinci-
dence, however, this
downward trend be-
gan to reverse itself
in 2000, just when
the project began.

Under the new ap-
proach, industry was to be active, not pas-
sive, in its public relations, realizing the
need to market nuclear power, not just to
argue the case. Marketing requires a strong
message—in this case, that nuclear energy
is not an option, but a requirement. It also
focuses on the undecided: “We no longer
speak to opponents,” Bucaille said. The ap-
proach requires greater understanding of
public opinion, communicating directly to
business as well as the public (“If the peo-
ple in charge of the economy are not inter-
ested in nuclear energy, then forget it,” Bu-
caille said), and provoking debate instead
of simply reacting to it.

The first move was to use an advanced
consumer survey technique to characterize
opinions. It involves fairly extensive ques-
tioning of members of the public over one
to three separate interviews. This technique,
he said, was developed by consumer prod-
uct groups to assess their trademarks. As far
as he knew, only seven or eight companies
(selling cars, food, and luxury goods) have
used it. It is expensive and demanding. You
do not really find out things that are not al-
ready known, he said, but you increase your
knowledge of the problem considerably. It
is based on a belief that to communicate is
not only a matter of packaging and educat-

ing, but also a matter of marketing.
The survey identified the reasons for the

change in public opinion that began around
2000. They are: the expansion of nuclear
power outside Europe (35 percent); events
in Israel/Iraq/Chechnya (65 percent); the
advantages of nu-
clear energy (65 per-
cent); oil spillages
(70 percent); and the
greenhouse effect
(85 percent). This
change in attitude
was demonstrated
over the proposal
made by Electricité
de France to order a
new reactor, the ad-
vanced European
Pressurized water
Reactor (EPR). Fol-
lowing the national energy debate during
2003, public support for the idea rose from
below 50 percent to over 80 percent.

The biggest challenge, Bucaille said, is
to win the debate on waste. The survey
showed that:
■ 70 percent of people are frightened about
waste.
■ Only 6 percent base their fears on real
facts.
■ 94 percent are frightened by what they
imagine to be true.

It was clear, Bucaille said, that people’s
imagination is so strong that they will take
it for reality. The team developed the idea
of analyzing how imagination worked on
this issue. They concluded that the opposi-
tion to waste was not really about waste; it
was linked to other “phenomena,” such as
the person’s relationship with nature, with
history, and with modernity. Using these re-
sults, a storyline was developed to answer
their real concerns. It was designed to
“strike a chord” with people’s reason and
with their sensitivity—both the right and
left sides of the brain. An approach that is
merely factual and educational is not
enough, he said.

Part of the storyline is the following:
■ Many of the problems associated with
waste have already been solved, and we
have been making continuous progress for
the last 20 years.
■ The treatment process (recycling plus vit-
rification) means that the most “frighten-
ing” types of radioactivity can be contained
quite safely. A great deal of progress has
been made in the last 25 years.
■ Once the decision to treat used fuel has
been made, the main question is what to do
with the resulting glass.
■ Even if vitrified waste were immersed in
water, it would be exceptionally resistant to
all kinds of leaching (99.9 percent 10 000
years from now with permanent high flows
of water); this is all the more true in an im-
permeable environment where infinitesimal

amounts of water circulate.
■ This resistance is all the more important
in that the level of radioactivity of today’s
waste will be divided by a factor of one
thousand, 10 000 years from now.

Finally, Bucaille noted that while he does

not expect other countries to adopt a French
energy mix, if 12 other major countries
adopted it, we would reduce carbon diox-
ide emissions by 20 percent.

Emergency preparedness,response
The session on emergency preparedness

and response covered the efforts of industry,
the Nuclear Regulatory Commission, and
the Department of Energy to deal with the
security issues created in the aftermath of
the terrorist attacks of September 11, 2001.
The session was sponsored by the ANS En-
vironmental Sciences Division and chaired
by Kent Welter, of the NRC’s Office of Nu-
clear Regulatory Research.

The first speaker was Jim Fairobent, direc-
tor of the Office of Emergency Management
in the DOE’s National Nuclear Security Ad-
ministration. Fairobent explained that for the
DOE, “Comprehensive Emergency Manage-
ment,” the title of his presentation, addressed
all the elements of emergency management:
hazards, emergency planning, emergency
preparedness, readiness assurance, emer-
gency response, and recovery.

For the DOE, hazards include everything
that could affect its sites, from natural phe-
nomena, to the release of hazardous mate-
rial, to terrorist events. Emergency pre-
paredness refers to demonstrating readiness
to respond to emergencies; this includes
evaluations, corrective action programs,
lessons-learned programs, and documenting
what would have to be done in an emer-
gency. The last item, recovery, begins as the
emergency response fades out.

Emergency management, said Fairobent,
comes in when the safety and protection
systems, which aim at controlling hazards
and preventing accidents, fail. It has the
goal of mitigating consequences, reducing
impacts, and protecting public health and
safety. The DOE’s emergency management
program was developed in the wake of the
Three Mile Island-2 accident. The depart-
ment started by considering nuclear emer-

Bucaille
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gencies, using NRC guidance. It expanded
to include chemicals in the 1990s, taking
lessons from the accident at Bhopal, India,
and other accidents. The department is now
extending its program to hazardous biolog-
ical agents/toxins, as the national labs are
using these more and more.

The DOE’s Base Emergency Manage-
ment Program (BEMP) starts with general
requirements and adds measures that the
DOE needs to standardize across its complex
(e.g., notification protocols, basic training,
and drill requirements). Because not all sites
are equal, the DOE has set up an approach
called “Commensurate with Hazards,”
which allows individual sites and facilities
to tailor emergency management programs
to their specific needs (e.g., earthquakes in
southern California, tornados in the Mid-
west). The approach requires an analysis of
the hazards present and their potential im-
pact on workers, the public, and the environ-
ment. The analysis should address a spec-
trum of initiating events for emergencies.

The Hazardous Material Emergency Man-
agement Program builds on the BEMP to ad-
dress the specific planning needs for haz-
ardous materials and utilizes protective action
criteria. While industry is familiar with the
Environmental Protection Agency’s (EPA)
radiation protective action guides, there is
nothing comparable for chemical materials.
The EPA is developing Acute Exposure
Guideline Levels for chemicals, but they are
not yet available for all the thousands out
there. In 1995, the DOE put together an in-
ternal group to develop a methodology for
calculating interim values, which it calls
Temporary Emergency Exposure Limits.
These now exist for more than 1700 chemi-
cals. Work is also in progress to develop cri-
teria for biological agents and toxins.

Protective action strategies
The next speaker, Dave Leaver, of

Polestar Applied Technology, is involved
in a project to assess the effectiveness of
off-site emergency response protective ac-
tion strategies for nuclear power plants. The
project is sponsored by the nuclear indus-
try under Nuclear Energy Institute and
Electric Power Research Institute leader-
ship. The main objectives are, first, to pro-
vide an updated technical basis for emer-
gency planning, including the development
of a risk-informed framework; and second,
to develop a methodology that would help
identify and evaluate protective action
strategies that could significantly reduce
public risk from a range of accidents.

To start, the team considered typical plants
in order to develop a generic methodology
for evaluating protective action strategies.
The first task was to update source terms—
which can also be referred to as “release cat-
egories”—associated with accident se-
quences. Besides the traditional events, such
as loss-of-coolant accidents, station black-

out transients, and containment bypass, they
are also determining source terms for other
situations, such as shutdown events, spent
fuel pool events, external events (e.g., earth-
quakes), and terrorist-initiated events.

In determining source terms, the project
is following the lead of NRC Chairman Nils
Diaz, who is promoting his concept of “re-
alistic conservatism,” which in this case
means using realistic, not worst-case, sce-
narios. In the same vein, the aim is eventu-
ally to develop off-site emergency response
plans that are “rec-
ognizable, usable,
and practical.” The
project also intends
to develop a set of
release categories
for emergency plan-
ning in a way that
should discourage
the misuse of the re-
sults. Leaver said
that an exercise that
involves calculating
disastrous results for
highly unrealistic
events helps no one, wastes resources, and
could create unnecessary public fear.

The second task is to develop a risk-in-
formed framework. This includes devising
a “risk metric” that would measure the ef-
fectiveness of off-site emergency re-
sponses. This would be similar in concept to
core damage frequency and large early re-
lease frequency metrics, which are used to
set acceptable/unacceptable reactor risks
based on NRC safety goals. The risk metric
being considered for emergency response
is near-site “individual early fatality risk”
(IEFR).

A third task is to develop a consequence
modeling procedure that takes into account
the conditions (e.g., weather and road) at
the time of an accident. It is then possible
to evaluate the effectiveness of different
protective action strategies, such as evacu-
ation versus sheltering and strategies that
combine the two.

Leaver said that a good strategy should
be simple but effective in reducing the
IEFR and overall dose. It also should be
easily implemented by the off-site response
organization and its effectiveness in reduc-
ing risk easily understood by the public. Ex-
amples of protective action strategies that
are being considered are the following:
■ Evacuation from near site areas (e.g., 1
or 2 miles) by walking.
■ Evacuation to a shelter within the emer-
gency planning zone, as opposed to a shel-
ter that is outside.
■ Providing more specific guidance as to
when to shelter and when to evacuate.
■ Real-time plume monitoring using the
latest technology.
■ Use of plume marking.
■ Real-time optimization of protective ac-

tions.
Two speakers came from the NRC’s Of-

fice of Nuclear Security and Incident Re-
sponse. Susan Frant, the deputy director of
the Incident Response Directorate, described
the NRC’s role in incident response, noting
that the licensee’s role tends to be clearer: to
mitigate whatever is happening and make
recommendations to state and local officials
who have the authority to take action.

The NRC is among the radiological re-
sources available during an emergency to

help assess what is going on and figure out
what to do. As part of the federal family,
the NRC is also able to coordinate activi-
ties with other federal agencies, including
the Department of Homeland Security.
While “the licensee is the firefighter,” said
Frant, “when an incident occurs, we are all
on the same side. The NRC stops being a
regulator and starts being a facilitator, a co-
ordinator, a helper.” The NRC can ensure
that the resources needed are available, and
that state and local authorities are taking ac-
tion to protect public health and safety, she
added.

Frant described some of the work of the
24/7 operations center, which gets called
around 17 to 30 times a year. These are al-
most always unusual events (UE), such as
a fire or transformer explosion. A UE will
usually be exited within a couple of hours—
“end of story.” During that time, the li-
censee keeps the center informed. The cen-
ter notifies other people in the agency,
because, since 9/11, the question is always
asked: Could this be a trigger for a much
bigger event?

According to Frant, there have been only
a few plant alerts, the next level up from a
UE. The only recent example of an event at
the next level—a site area emergency—was
at a fuel facility in 2003; the last one that
occurred at a power plant was in 1979. The
next level up from that is a general emer-
gency. In a real emergency, the NRC re-
sponse would be led by the chairman, as he
or she alone has the statutory authority to
tell licensees what to do.

Frant also discussed the improvement
initiative work that she is heading up for the
chairman. While the NRC thinks that what
it is doing is effective and sound, she noted,
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after 25 years, it is time to take a good look
at it. The questions being asked include: Do
we have the right resources? Do we qualify
our incident responders correctly? Is our
staff adequate to provide the required sup-
port for the National Response Plan and for
our licensees in the post 9/11 threat envi-
ronment? She is also taking a good look at
the emergency planning documents and at
ways to use modern communication tech-
nology in this area.

Information on further work of the NRC
was provided by Kathryn Brock, a senior
emergency preparedness specialist. Previ-
ously, all emergency preparedness work
had been done in the Office of Nuclear Re-
actor Regulation. That effort was turned
into the Emergency Preparedness Direc-
torate (EPD) formed in summer 2004.

The EPD is responsible for developing
emergency preparedness policies, regula-
tions, and guidelines. It is also the contact
point for the regional offices and provides
coordination with state, local, and federal
agencies. EPD has about 27 people divided
into five teams.
1. The Communications group, which
wants to let people—inside and outside the
NRC—know what the EPD is doing. This
is the group in which Brock is involved. Ex-
ternal communications are vital, not only
with other agencies, but also with the media,
which has changed dramatically in recent
years. CNN, she notes, can be anywhere at
any time, and the NRC has to respond using
21st-century technologies to get good infor-
mation out quickly. A new Web page is
aimed at providing information for all types
of stakeholders.
2. The Inspection group is the main link
with the regions. It prepares guidance and
helps with inspections and emergency ex-
ercises. The group follows events called in
by licensees, assessing the problem and de-
termining if action is needed.
3. The Licensing group is busy now assess-
ing early site permit applications, looking
at all the EP aspects.
4. The Security interface group did the vul-
nerability studies called for after 9/11. It
just finished a pilot program with licensees
on force-on-force exercises.
5. The Regulatory Improvement group is
involved in improving regulations through
rulemakings, preparing regulatory guides,
and other measures. For example, it has
come to the group’s attention that some li-
censees had taken sheltering out of their
range of protective actions, in part because
the NRC has been so focused on evacua-
tion. A two-year study is under way to see
how to enhance sheltering as a protective
action. Sandia has already done a study on
evacuations that showed that they work
well. It found, for example, that emergency
workers do not just take off with everyone
else and not return; they come back and do
their jobs.

Advanced technologies
Two presentations described how ad-

vanced technologies are being used to de-
velop fast and effective emergency response.

Even before the events of 9/11, Califor-
nia’s San Onofre Nuclear Generating Sta-
tion was upgrading its security capability.
Ky Nguyen described work undertaken on
force-on-force (FOF) exercises, which he
called “war games in a security arena.”
These exercises use a Multiple Integrated
Laser Engagement System—MILES—
which features third-generation eye-safe
laser gear. The advantage of the third-gen-
eration system is that it provides a high-
quality casualty assessment, which was
lacking in earlier generations. This means
that if a player is shot, his weapon is dis-
abled; this avoids “dead” players continu-
ing to shoot. If a vehicle is hit, the results
depend on the angle
and the amount of
energy it receives: It
could be totally
blown away, immo-
bilized, or affected
in some other way.

Early FOF exer-
cises involved site-
penetration games.
Now, the aim is to
penetrate the control
room. The NRC
stopped FOF exer-
cises immediately
following 9/11, but resumed them with a pi-
lot program in 2003. The new exercises are
to be much more ambitious, where “the bad
guys have more capability and more intel-
ligence.” He mentioned a contractor that of-
fers a “ninja” team for very advanced exer-
cises.

A safety evaluation of the MILES gear
was carried out by NRC staff in 2003. It cov-
ered three areas: EMI-RFI electronic emis-
sions, laser light emissions, and smoke emis-
sions (the MILES-converted rifles actually
fire blanks, which use “smokeless” gun pow-
der that does, however, produce some
smoke). The NRC study concluded that the
equipment will not affect safety-related in-
strumentation in the plant, nor does it pre-
sent a hazard to people. The smoke, how-
ever, could affect smoke detectors and
requires operators to analyze this for their
plant. Nguyen described the work being
done at his plant.

Yong Li, an NRC geophysicist, de-
scribed development work he has been do-
ing using Geographic Information System
software as an emergency response system
for nuclear facilities. Such a system can
provide a lot of help to authorities in emer-
gencies: calculating damage distributions,
determining how to allocate emergency re-
sources, finding the best evacuation path,
and more.

A system should be able to cover a wide

range of events, including plant accidents,
external events (e.g., hurricanes and earth-
quakes), and terrorist attacks. It should have
access to databases providing information
about the area (for example, maps, popula-
tion distributions, and local activities),
about facilities (details of nuclear plants,
schools, shelters, hospitals, police, and fire
equipment), and other information, as well
as access to real-time data (over the Inter-
net) from, for example, weather, radiation
and other environmental monitoring sta-
tions, satellites, camera images, traffic mon-
itors, and others. The software should have
the capability to integrate the information
and analyze it quickly. He used data primar-
ily extracted from the Federal Emergency
Management Agency’s HAZUS-MH (mul-
tihazard software program).

As an example, for an accident with re-

leases outside the plant, his system can con-
nect to weather monitoring stations and
satellites to track the plume, show the af-
fected area, and determine which popula-
tion should be evacuated and to where. For
a terrorist situation, his system can use
topographic data to identify locations where
the plant can be viewed directly to predict
where a terrorist may launch a weapon.

During the discussion it was noted how
expensive his system is. Li agreed, explain-
ing that his work was to investigate how
powerful this tool was, particularly given
all the information already out there. The
NRC is now looking at what level of infor-
mation is really needed for an emergency
system.

Alternative source term use
The Nuclear Regulatory Commission

amended its regulations in 1999 to allow
power reactor licensees to use an alterna-
tive source term (AST) for radioactive re-
lease to reflect the known chemical behav-
ior of radionuclides that would be released
from a damaged core. AST use can lower
costs and regulatory burdens and allow less
complexity in plant systems, but a paper by
the NRC’s Stephen F. LaVie showed that
licensees sometimes misinterpret the
amended rule and related guidance, prompt-
ing the NRC to ask for more information
and delaying approval of AST use. (LaVie
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was not able to attend the session, “Alter-
native Source Term Applications to Im-
prove Power Reactor Safety Analysis”; the
paper was presented by Michelle Hart, also
of the NRC.)

Among other things, LaVie noted that al-
though Regulatory Guide 1.183 states that
10 percent of total leaked iodine should be
assumed to escape as an airborne release,
some applicants have assumed 10 percent
release only of elemental iodine, excluding
cesium iodide, which is generally presumed
not to become airborne. LaVie maintained,
however, that leakage into a building sump
with an acidic pH would increase conver-
sion of cesium iodide to elemental iodine.
His presentation cited research showing
that 2 to 20 percent of the iodine in a liquid
pool would be converted to a volatile form,
probably elemental iodine, when the pool
evaporates to dryness.

The other side of the situation was repre-
sented by William R. Ziegler of Progress
Energy, who spoke on his company’s expe-
rience in seeking to switch to AST use at its
five power reactors. Among other things,
Ziegler said that the NRC is reluctant to al-
low flexibility in the interpretation of Reg-
ulatory Guide 1.183. He said that conver-
sion to AST has been completed at
Brunswick-1 and -2, Crystal River-3, and
Harris, but noted the recent disapproval by
the NRC of AST use for loss-of-coolant ac-
cident scenarios at Robinson-2 (NN, Nov.
2004, p. 12). Ziegler said that the effort for
Robinson-2 was complicated by the age of
the plant, not because of hardware condition
but because of the piecemeal licensing that
was done in the early days of power reactor
regulation. And so, much of the AST-related
work involved redoing old documentation
to achieve consistency. He also noted that
some of the AST submittals were later
found to have been modeled improperly.

While AST adoption has overall benefits
for the licensee, some extra expenditure
may be required in the short term. Christie
Taylor, of Duke Power Company, reported
that AST use at the three-unit Oconee plant
would require that the control room air in-
takes be moved from the roof of the auxil-
iary building to the roof of the turbine build-
ing, with two intakes for each unit; these
changes are necessary to support relax-
ations on containment closure during fuel
movement. Also, the high-pressure injec-
tion/low-pressure injection relief valve dis-
charge will be rerouted into the reactor
building emergency sump, and the existing
active Caustic Addition System will be re-
placed with a passive system that requires
no operator action and is not susceptible to
single active failures.

John Duffy, of PSEG Nuclear LLC, re-
ported that his company has submitted five
AST-related applications to the NRC for its
three reactors at the Salem/Hope Creek site,
with three of them approved by the NRC

thus far and the others still pending.
Through AST use, said Duffy, PSEG is able
to operate Hope Creek with a higher allow-
able leak rate for its main steam isolation
valves (MSIV) and has eliminated the
MSIV sealing system and the filtration, re-
circulation, and ventilation systems’ recir-
culation filters. Duffy added that the two
Salem units now have revised requirements
for fuel decay time prior to the commence-
ment of irradiated fuel movement.

Project Prometheus
The possibility of a larger role for nuclear

energy in forthcoming missions to outer
space has lately been discussed with some-
what more vigor, but the speakers at the spe-
cial session on Project Prometheus—the
joint effort of the Department of Energy and
the National Aeronautics and Space Admin-
istration (NASA) to
maximize the nu-
clear energy options
for spacecraft—still
recognized that the
more ambitious pros-
pects would encoun-
ter considerable pub-
lic wariness, if not
outright opposition.
The issue here is not
what the nuclear en-
ergy systems would
do in outer space, but
what they would do
(and how they would
be secured) between
here and there.

The session, “Project Prometheus
Overview: Nuclear Science and Technol-
ogy in Space,” was chaired by Milton
Klein, retired vice president of the Electric
Power Research Institute and onetime
manager of the Space Nuclear Systems Di-
vision set up jointly by NASA and the
Atomic Energy Commission in the 1950s.

In his opening re-
marks, he said that
the strong perfor-
mance of radioiso-
tope thermoelectric
generators (RTG),
which generate elec-
tricity from the ra-
dioactive decay of
otherwise passive
materials, may be
boosting interest in

the long-dormant concept of critical assem-
bly reactors with much higher energy out-
put, perhaps for the actual propulsion of
spacecraft. RTGs mainly provide power for
onboard operations, experiments, and com-
munications to and from Earth; Klein said
that some RTGs are still operating as de-
signed more than 30 years after activation,
far from Earth and any possibility of repair.
As for reactors, Klein recalled the work

done until the early 1970s on the nuclear
thermal rocket. These tests released fission
products to the atmosphere, but, he as-
serted, the effluent could be scrubbed to
prevent such releases, and there are no ex-
treme technical barriers to the development
of a space propulsion reactor that could pro-
duce 250 000 pounds of thrust.

Because most of the interesting destina-
tions for planetary science are far from the
sun, the capabilities of solar energy drop ac-
cordingly, thanks to the inverse square law.
The current Cassini-Huygens mission—ex-
ploring Saturn, its rings, and its moons—is
powered by an RTG, and the fact that this
mission has thus far gone without a hitch
may help brighten the image of nuclear en-
ergy in space. The RTG choice had been crit-
icized as a potential environmental threat,
both during the launch and in the orbital tra-

jectory that brought the spacecraft near Earth
for a gravitic assist toward Saturn.

Matt Forsbacka, of NASA, surveyed
Project Prometheus and the mission that
would be its debut, if ultimately approved:
the Jupiter Icy Moons Orbiter (JIMO),
which would spend four to six years in
close proximity to the Jovian moons Cal-
listo, Europa, and Ganymede, where sub-
stantial amounts of water ice are known to
exist on their surfaces. The instrument
packages would study the moons’ oceans
(seeking liquid water), astrobiology (seek-
ing volatiles and organic chemicals), and
Jovian system interactions (the tidal rela-
tionship of the planet and its moons). JIMO
would be aimed for launch in the 2012–
2015 time frame and would employ a nuc-

lear reactor to power
ion propulsion.

As space science
becomes more ambi-
tious, the payloads
will have to increase.
Forsbacka said that
reactors with capaci-
ties in the hundreds of
kilowatts could carry
science payloads of
more than 500 kilo-

grams. JIMO would set the stage for more ex-

Forsbacka
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tensive missions to Saturn and its moons,
Neptune and its moons, the Kuiper Belt, and
the near reaches of interstellar space. It is also
expected that Earth’s moon will be used as a
staging area for eventual missions sending
humans to Mars. Forsbacka added that
NASA will comply with the National Envi-
ronmental Policy Act with respect to the
launching of reactors into space.

Initial design work on the JIMO reactor
began in April 2004, according to Michael
J. Wollman, of the Knolls Atomic Power
Laboratory. Reporting on the Naval Reac-
tor Program’s involvement in Prometheus,
Wollman said that the goal is a device with
peak power in the range of 135 to 200 kWe,
running for 12 to 15 years at full power,
with an operating temperature between 950
and 1350 K. The reactor would be designed
so that if there were a problem upon launch
of the spacecraft, the reactor would be sub-
critical upon impact with the Earth. Report-
ing on development of reactors other than
the one for JIMO, Jack Wheeler, of the
DOE, said that technology development is
sought for surface power systems (for habi-
tation on the moon and Mars), nuclear ther-
mal propulsion, and multi-megawatt nu-
clear electric propulsion (which might
shorten the duration of cargo missions to
Mars). He said that work may take place
during fiscal year 2005 on fuel perfor-
mance, technology adaptation, materials
and shielding, and component and control
technology.

Victoria Friedensen, of NASA, ad-
dressed the job of selling all of this to the
public. She noted that although NASA has
generally enjoyed widespread public sup-
port, the Columbia shuttle disaster in 2003
has forced the agency to address concerns
about what else could go wrong. She said
that the concerns generally have three com-
ponents: Trust (Why should I trust you?),
Liability (Who pays if something goes
wrong?), and Consent (Why wasn’t I asked
for permission?). NASA is seeking to sat-
isfy the concerns not just through outreach,
but also through engagement with the pub-
lic, fostering technological literacy.

On the specific issue of whether a reactor
launch would be controversial, Friedensen
mentioned Presidential Directive/National
Security Council Memo #25, which states
that there must be presidential-level ap-
proval (which could mean the head of the
Office of Science and Technology Policy)
before an RTG or reactor could be launched,
and it would follow analyses and evalua-
tions by an interagency group (including
NASA, the NRC, and others). A member of
the audience noted that the public might
have more faith in this process if it involved
agencies that may be seen by the public as
more impartial, such as the National Science
Foundation or the National Academies of
Science and Engineering. Friedensen admit-
ted that this could be true.

Decommissioning work
The Department of Energy’s West Val-

ley Demonstration Project is a former nu-
clear fuel reprocessing facility and the first
project in the nation to complete, in Sep-
tember 2002, a high-
level waste vitrifica-
tion program. The
site came into being
through the West
Valley Demonstra-
tion Project Act of
1980, which made
the DOE responsible
for solidifying the
HLW, disposing of
waste created by the
solidification, and
decommissioning
the facilities used in
the process.

West Valley’s land and facilities are not
owned by the DOE, but are the property of
the New York State Energy Research and
Development Authority (NYSERDA) and
represent only 200 acres of the larger West-
ern New York Service Center. This area is
approximately 3300 acres and is also owned
by NYSERDA. After the DOE completes its
responsibilities under the act, it is required
to return the premises to New York state.
Until that time, the act requires the state to
pay 10 percent of the project costs and the
DOE to pay the remaining 90 percent.

Much remains to be done to deactivate the
site before it can meet
all the conditions of
the act, according to
the DOE. In accor-
dance, the agency is
striving to accom-
plish the majority of
the work by 2008.

The deactivation
activities are being
performed for the
DOE by West Valley

Nuclear Services. During the session, “De-
commissioning: General Topics,” the com-
pany’s Laurene Rowell, project manager of
facility characterization at West Valley, ex-
plained one part of the project—specifi-
cally, the first-ever dismantlement of a vit-
rification cell in the United States.

During the HLW vitrification program,
more than 2 271 000 liters (600 000 gal-
lons) of liquid radioactive waste were so-
lidified, said Rowell. The project has now
turned its focus to dismantling the vitrifica-
tion cell, whereby the cell’s equipment will
be moved and the low-level waste will be
shipped off site for disposal.

The cell contains eight major vessels
weighing from 9 to 47 metric tons (10 to 52
tons), nearly 300 000 curies of radioactiv-
ity, contamination levels in the millions of
disintegrations per minute, and 708 m3

(25 000 ft3) of wastes to be removed. The

project is also being completed in the short
time frame of about 15 months, she said.

A sense of ownership in the deactivation
work at West Valley has been created, Row-
ell said, because project operators and super-

visors have been involved in the job plans.
These workers offer the many levels of ex-
perience necessary to complete the task
ahead of schedule, and about 65 percent of
them actually operated the vitrification sys-
tem during its processing phase. “This expe-
rience has greatly assisted the dismantlement
project by allowing the operators to identify
and segregate the equipment into appropriate
waste types,” she said. The operators’
knowledge has also reduced the amount of
time the engineering staff spends in the field.

Through May 2004, the project team has
removed all debris from the floor of the vit-
rification cell. A Mega-Tech™ shear, a hy-
draulic tool capable of cutting up to 13-cm
(5-in.) pipe, has been successfully deployed
and helped remove 160 components used
for processing. The Brokk® 330, a remote
excavator with a shear and saw-end arm,
was modified for in-cell use and has been
used successfully during the project.
Ninety-four waste boxes have been re-
moved from the facility as of the end of
May (out of approximately 161 waste
boxes) and 22 have been shipped off site for
disposal, Rowell said. The cell’s dismantle-
ment was scheduled to be completed by the
end of December 2004.

At another DOE facility—the F-Canyon
Complex, one of two chemical separations
facilities at the DOE’s Savannah River Site,
in Aiken, S.C.—deactivation work is also
under way.

F-Canyon, which began operations in
1954, is a six-story, 835-ft-long, 122-ft-
wide nuclear facility. It used nitric acid dis-
solution and the PUREX chemical solvent
extraction process to extract Pu-239 and U-
238 from spent nuclear fuel.

The F-Canyon’s suspension plan was is-
sued in February 2002 and approved by the
DOE in November 2003. The suspension
activities include the reduction of hazards
by removing radioactive materials and re-
ducing chemical inventory. It also includes
early planning for total deactivation, ac-
cording to George Zachmann, deputy facil-
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deactivation work at West
Valley has been created . . .
because project operators
and supervisors have been
involved in the job plans.
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ity manager at the F-Canyon nuclear sepa-
ration facility.

F-Canyon’s sepa-
ration area, called the
FB-Line, is operated
for the DOE by West-
inghouse Savannah
River Company. The
line’s mission in-
cludes conversion of
Pu solutions into Pu
metal, along with
characterization, sta-

bilization, and packaging and storage of both
metal and oxide forms of Pu.

In March 2002, chemical separation ac-
tivities concluded at F-Canyon and deacti-
vation activities began. The FB-Line will
conclude its mission in early 2005, Zach-
mann said, and the goal is to reduce the fa-
cility’s operating staff by 93 percent and
budget by 94 percent. At the completion of
deactivation, F-Canyon will be in “a cold,
dark, and dry state” (called post-deactiva-
tion) for an undetermined amount of time
until decommissioning begins, he said.

The project, which will involve about
12 000 separate activities, has a budget of
$579 million and is scheduled to be com-
pleted by November 2006. Zachmann said
work is currently tracking “significantly
ahead of schedule and under budget.”

To work on the F-Canyon’s deactivation,
a “Design Lab” was created to identify im-
provements in the work force, the work
process, and efficiency, explained Steve

Howell, deputy facil-
ity manager at Sa-
vannah River. Those
persons elected to
participate in the lab
came from the Oper-
ations, Maintenance,
Radiological Con-
trol, and Engineering
departments and are
first-line managers,
group managers, pro-

fessionals, and exempt and nonexempt
workers.

The lab helped create multiskilled deac-
tivation teams and developed more perfor-
mance-based management and evaluations
to assist in meeting objectives. The lab also
improved the method of doing the work in-
volved with the deactivation of the F-
Canyon. For example, one major change
was the improvement of the process used to
develop and approve work packages.

In that regard, F-Canyon had been using
a software program from Passport Soft-
ware, Inc., to develop, document, and
record maintenance work packages. “For an
operational facility that needs to maintain a
chronological history of all maintenance ac-
tivities and materials, this was and still is
excellent software,” said Howell.

But for deactivation activities such as

those in which F-Canyon is involved, the ex-
isting software was much more detailed than
necessary. As a result, the lab turned to the
DOE’s Automated Hazards Analysis (AHA)
software program, which was in its develop-
ment stages and was to be ready to use at
about the time deactivation was to begin.

AHA is a software program used to iden-
tify hazards and hazard controls. It com-
bines software information with employee
knowledge to produce a single action plan.
“Every activity performed during the deac-
tivation process requires an analysis for
hazards and mitigation for each hazard
identified, to ensure a safe accomplishment
of each deactivation milestone,” Howell
said. “The AHA software turned out to be
an excellent software tool to combine the
hazards analysis, mitigation of the hazards,
and development of work instructions to
perform deactiva-
tion work.”

For maintenance
activities associated
with systems and
equipment that are
to remain in place
throughout deactiva-
tion of both the F-
Canyon and the FB-
Line facilities (and
will continue to re-
main when both fa-
cilities are in post-
deactivation), the
Passport system is
still used in order to
maintain consistency of the maintenance
history for the lifetime of that equipment,
he said.

In sum, Howell said the deactivation ac-
tivities at the F-Canyon facility have been
improved greatly because of the changes in
the organizational structure; the methods
used for developing and approving work
packages; the processes now in place to
identify, analyze, and mitigate hazards; and
the multiskilled work teams that have been
put in place. So far, these changes have
been “extremely cost-effective and effi-
cient, while at the same time helping to
maintain a safe as possible work environ-
ment for all deactivation employees,” he
said.

Hydrogen production
The prevailing view these days in the nu-

clear community is that the surest niche for
fission reactors in the future is in a joint role
of electricity generation and large-scale
production of hydrogen, to serve as a sub-
stitute for petrochemical fuels in the trans-
portation sector. For this reason, there was
a session on hydrogen production and stor-
age at the Winter Meeting, although this
session did not bear directly on the nuclear
fields of study. The focus was on basic
chemistry, aimed at what is expected to be

the operating temperature range of the ad-
vanced reactors that have been proposed as
hydrogen producers.

Charles Forsberg, senior scientist at Oak
Ridge National Laboratory, proposed a sys-
tem in which the hydrogen produced by
steady-state operation of a high-tempera-
ture power reactor would be stored under-
ground at the plant site, but would then be
used in an accompanying fuel cell power
plant to provide peak-demand electricity.
Among the potential advantages he pointed
out are the ability of a fuel cell to go from
shut down to full power almost instantly in-
response to peak demand; the hydrogen
separation process’s parallel production of
oxygen, which would be fed into the fuel
cell instead of air and would improve effi-
ciency; and the elimination of the cost of
transporting the hydrogen elsewhere for

other uses. The use of fuel cells as peaking
plants, he said, would provide the electric-
ity grid with abundant “spinning reserve”;
it was the lack of this reserve, he added, that
led to the extreme severity of the the Au-
gust 2003 blackout in the northeast United
States and southern Canada.

Chemical processes for hydrogen pro-
duction have been studied for several
decades, and there are still dozens being
pursued, in the hope that one or more will
eventually provide the ideal shortcut. These
days it is generally agreed that it would be
preferable for large-scale production to ex-
tract hydrogen from water, rather than nat-
ural gas; beyond that, the differences in
processes mainly have to do with the re-
quired operating temperature, amount of
throughput possible, and system support is-
sues like volatility and corrosion. Michael
Simpson, of Argonne National Laboratory,
reported on an Aspen Plus computer simu-
lation of the Reverse Deacon Cycle, which
combines water with magnesium chloride
in a three-step cycle that yields hydrogen
and oxygen and returns all the other mate-
rial to magnesium chloride. Simpson said
that the simulation found the process to be
about 10 percent more efficient than the
best-case electrolysis process. The process
can also work at temperatures in the range
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of 550 °C, well below the 900 °C range of-
ten mentioned for hydrogen production.
Simpson said that could broaden the choice
of reactor, because it would not require only
a high-temperature gas-cooled reactor. Liq-
uid metal–cooled fast reactors might also
work in this cycle—but not the light-water

reactors in wide use today.
Ideally, the chemical formulae for the var-

ious hydrogen production cycles show wa-
ter and other substances going in, and hydro-
gen, oxygen, and the same other substances
coming out. This appears to be very neat, and
even suggests a sort of perpetual motion, but
not all of the chemical reactions will always
go to completion, and sometimes competing
reactions can occur under the same condi-
tions. Michele Lewis, also of Argonne, re-
ported on progress with a low-temperature
(550 °C or so) copper-chlorine cycle. She
said that one of the aims of the work is to re-
duce the excess water required to make the
cycle work. Both Argonne cycles, and sul-
fur cycles cited in a paper presented by Max-
imilian Goransek, of Savannah River Na-
tional Laboratory, would require designing
systems that can handle the products of their
intermediate steps—in these cases hy-
drochloric acid and sulfuric acid.

Planning for a century
Technical Program Chair Mark Reinhart,

of the Nuclear Regulatory Commission,
chose as the topic for his special session
“Taking the Lead on Critical Issues—The
100-Year Integrated Plan.” In his opening
remarks, he said that for nuclear energy to
endure in the next century, there would
have to be a well-thought-out, integrated
approach to policies, programs, design, reg-
ulation, utilization, economics, and com-
munication throughout all sectors of the
community. He even asked for the atten-
dees to get involved, saying that he wanted
to recruit a task force called Nuclear Tech-
nology Quest 2100, and giving them an
e-mail address to reach him: <parsec248@
adelphia.net>.

One example of a plan that could cover
several decades, if not a whole century, is
the International Project on Innovative Nu-

clear Reactors and Fuel Cycles (INPRO) de-
velopment proposal assembled by the Inter-
national Atomic Energy Agency (IAEA).
Mikhail Khorochev, of the IAEA, presented
a wealth of detail on potential INPRO proj-
ects, which would be carried out by nuclear
programs in the member nations most inter-

ested in them and co-
ordinated by the
IAEA. Case studies
have been started on
four concepts to as-
sess their prospects
for wider applica-
tion: CAREM-X, an
integral pressurized
water reactor, by Ar-
gentina; an advanced
heavy-water reactor,
by India; the BN-
800 breeder reactor,
by Russia; and the
DUPIC fuel cycle,
by South Korea. The

INPRO effort is generally separate from the
multinational Generation IV reactor devel-
opment project.

Whether anyone would be able to turn
these projects into working devices on a
wide scale may be in doubt, according to
Amy Roddey, of American Tank and Fabri-
cating. She said that at present, industrial in-
frastructure sufficient to support a large-
scale return to power reactor construction in
the United States may not exist domestically
or worldwide. Drawing on her own com-
pany’s experience in qualifying for an “N”
stamp and other certifications for nuclear-
grade manufacturing, she argued that the
process is essentially punitive and tends to
drive away companies that might otherwise
become nuclear suppliers. By her statistics,
there are now fewer than half as many “N”
stamp-holders as there were at the industry’s
peak in the 1970s. Reinhart responded by
saying, “Amy is telling us what we don’t
want to hear, but what we need to hear.”

Legacy materials management
During the session on environmental as-

pects of legacy materials management, Jody
Waugh, of S. M. Stoller Corporation, re-
ported on experience with engineered cov-
ers of disposal cells that were established
and sealed as part of the effort to isolate ura-
nium mill tailings. He said that early cover
designs, prescriptive in nature, did not ad-
equately consider long-term changes in
ecological settings. For instance, layers of
crushed rock placed on top of the covers—
which might be expected to deter vegeta-
tion—often encourage it, by collecting
moisture. Because so many tailing sites are
in arid regions in the western United States,
any accumulated water can encourage plant
growth. Waugh said that one of the plants
found growing on the cover at a site near
Grand Junction, Colo., has roots that can

extend downward for 40 feet—and covers
are usually only about six feet thick.

Waugh said that alternative cover designs
are now being developed to mimic natural
soil-water balance and make use of plants
native to the area, to help deter the arrival of
more aggressive exotic plants. She said that
the cover at Monticello, Utah, relies on the
water storage capacity of a thick soil
“sponge” layer above a sand-and-gravel
capillary barrier to retain precipitation
while plants are dormant; native sagebrush
removes precipitation during the growing
season. Waugh noted that even in cases
where older covers appear to have been per-
meated, the covers were over-designed, so
none of the legacy material has leached out
of its confinement.

Educational innovations
A popular computer game played by

young people is called “Doom.” In it, the
player’s perspective—or point-of-view—is
first person, and the objective is to travel
through virtual reality (VR) dungeons us-
ing a gun in hand to blast away monsters or
Nazis or whatever it is that Doom players
like to kill. The point is that Doom and
other games like it are immensely popular
with the younger crowd, and in trying to
connect with that segment of society, there
is logic in creating training tools that play
like computer games.

Enter the Department of Nuclear,
Plasma, and Radiological Engineering at
the University of Illinois, which has created
a VR laboratory and nuclear plant control
room. Instead of a gun in hand, however,
the user is equipped with a VR detector that
is used to measure radiation fields. The VR
program “looks like the video game the stu-
dents have been playing the previous 18
years of their lives,” commented Rizwan
Uddin, a nuclear engineering professor at

Illinois, during the
session on “Innova-
tions in Nuclear En-
gineering Education,
Training, and Dis-
tance Learning.”

Supported by a
grant from the De-
partment of Energy’s
Nuclear Engineering
Education Research
program, the univer-

sity is working on developing tools to facil-
itate the modeling and simulation of VR nu-
clear plants. The first step is developing
tools “from scratch,” Uddin said. With the
second step, Illinois researchers are using
existing CAD software to develop 3-D
models of components and their assembly,
he said. For example, models of meters,
gauges, and levers can be assembled on a
control panel; control panels and furniture
can be assembled into a control room; and
rooms can be assembled to form a building.
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Models can be divided into four cate-
gories: static, dynamic, interactive, and in-
teractive/simulators. Static models are the
simplest, with no moving parts, and a user
can walk or fly through these static virtual
models. Dynamic models have moving
parts, with predetermined motion that can-
not be altered by the user. Interactive mod-
els allow the user to move components, such
as a chair, by “grabbing” them. Interactive/
simulator models are the most detailed and
allow the user to interact with the environ-
ment and then observe the result or conse-
quence of an action. A simple example, Ud-
din said, would be a worker with a Geiger
counter in a radiation field. As the worker
walks around the radiation field, the counter

displays the expo-
sure/dose, based on a
precalculated radia-
tion field or as deter-
mined in real time.
Another example is
that of a control room
in which the operator
can press buttons and
turn knobs, and the
meters and dials,
based on precalcu-

lated responses or real-time simulations,
then display the reactor response.

Several models have been developed,
Uddin said, including the VR lab for radia-
tion-related experiments, a model of the

GUS (graphite uranium subcritical [assem-
bly]) facility at the University of Illinois,
and a research reactor.

A similar VR program is being created
through international cooperation, explained
Brian Hajek, a nuclear engineering profes-
sor at Ohio State University. Working with
researchers from South Korea, Hajek has
helped develop the VR KODADA-1 nuclear
power plant—K standing for Korea, O for
Ohio State, and DADA for the Korean com-

pany (Dadaworlds.com, Inc.) that helped es-
tablish it. Project development started in
May 2003 and is expected to be complete at
the end of 2005. The Korean government
provided about $315 000 in financing for the
project.

One of the most important aspects of the
project was the ability to tap into the same
technology used to create computer games,
Hajek said. This allows KODADA-1 to
have a “rendering capacity” of 15 frames per
second, meaning that the visual imaging of
the plant is of computer-game quality.

Like the University of Illinois’ model,
users can perform in different scenarios at
KODADA-1. For example, in some scenar-
ios, external exposure rates are provided for
routine work done by operators and for
workers in high-radiation jobs such as steam
generator maintenance and refuelings.

KODADA-1 can be accessed from any
personal computer (Pentium 3000 MHz or
greater) anywhere in the world as long as
there is an online hookup, Hajek said. Con-
nection time on the Internet is 20–30 sec-
onds for initial loading and 3 seconds for
subsequent visits. The main server is lo-
cated in Korea, but there is no difference in
access times from either the United States or
Korea, he said.

Development work is continuing on
KODADA-1 through additional modeling
of equipment in the reactor building. By
mid-year, work will start on optimizing the
Internet connection.

Other research work in South Korea in-
volves development and application of sim-
ulation and modeling technologies for nu-
clear plants, according to Myeong-See Lee,
of the Korean Electric Power Institute. The
focus of KEPRI’s research breaks down
into five categories: First, developing a real-
time simulation environment for training
simulators. Second, using a best estimate
code for process modeling. Third, expand-
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in the world, provided there is an Internet hookup.

A VR control panel is used for training at the University of Illinois.



ing the scope of the simulation beyond the
plant’s DBA (design basis accident).
Fourth, creating a new classroom training
system that integrates VR with simulation
technology. Fifth, establishing an integrated
system for validation of human-system in-
terface design.

Distance learning
The ability to conduct reactor experiments

over the Internet is being investigated by the
University of Tennessee (UT) and North
Carolina State University’s PULSTAR reac-
tor facility. Developments in both hardware
and software during the past few years, cou-
pled with cameras controlled by a remote
user, allow nuclear engineering students at
UT to use the PULSTAR for a variety of
tasks, according to Larry Miller, nuclear en-
gineering professor at UT.

Equipment for performing the remote
experiments has been purchased and is be-
ing tested, he said. The UT students are
able to view the PULSTAR, its personnel,
and data on a large LCD screen and on a
touch-sensitive “SMART Board™,” which
is an interactive, 16-ft2 whiteboard that
connects to a computer and digital projec-
tor to show a computer image. A user can
then take control of computer applications
directly from the display, write notes in
digital ink, and save work to share later.
Likewise, operators, faculty, and adminis-
trators at the PULSTAR have similar inter-
active whiteboard capability to assist in
communicating back to the students at UT.

Miller explained that the implementation
of remote access to university reactors in-
volves some general tasks, including as-
sessing the data acquisition capabilities at
the university reactor; selecting and pur-
chasing the hardware and software for
video and audio communication and for
control of experimental facilities; selecting
experiments for remote participation; and
resolving any licensing, safety, and eco-
nomic issues.

UT is also involved in using distance
learning technologies to offer an M.S. de-
gree in nuclear engineering, explained Wes
Hines, a nuclear engineering professor at
the school. The courses in the program are
offered over the Internet by using the Cen-
tra Symposium™ software suite. With this

delivery method, in-
structors can reach
both distance and lo-
cal students at the
same time “using a
SMART Board as
the computer inter-
face,” he said.

Hines added that
the distance-learning
system at UT has the
ability to deliver in-

struction “from a distance,” meaning that
the instructor doesn’t have to be physically

located in a classroom to teach a class. As
long as the instructor has access to a high-
speed Internet connection—whether at
home, at a hotel on a business trip, or sit-
ting at a beachside cafe equipped with wire-
less technology—he or she can communi-
cate both with distance students and
students in the classroom.

In this “from a distance” scenario, a
SMART Board would be used in the class-
room as the computer interface and the dis-
tance students would attend as usual. The
distance students would have the same ac-
cess as the local students and could com-
municate through audio streaming with the
instructor. Hines said the instructor would
then teach the class using pre-loaded Pow-
erPoint® slides, Windows® applications, and
the SMART board.
“A special laptop
with a touch-sensi-
tive screen is neces-
sary so that the in-
structor can draw
diagrams, graphs, or
other items neces-
sary to explain com-
plex engineering
principles,” he said.
These special com-
puters are called
tablet PCs.

The distance edu-
cation programs offered by UT have grad-
uate enrollments for nuclear engineering
that have increased by more than 25 per-
cent, Hines said.

Steve Binney, a nuclear engineering pro-
fessor at Oregon State University (OSU),
discussed that school’s newly developed
distance learning program in nuclear engi-
neering (NE) and radiation health physics

(RHP).
Historically, OSU

offered a nuclear en-
gineering undergrad-
uate distance learning
program for Trojan
nuclear plant employ-
ees in the early 1980s
in response to aug-
mented post–Three
Mile Island-2 acci-
dent requirements for

plant operators. “When the need for B.S. de-
grees for operators disappeared, so did the
distance program,” Binney said.

OSU jumped back into the program in
September 2002 when it was awarded a
grant from the DOE’s Innovations in Nu-
clear Infrastructure and Education initia-
tive. To resurrect the program, according to
Binney, two key decisions were made.
First, only graduate-level NE and RHP de-
grees would be offered, and second, all dis-
tance courses would be taught concurrently
with their on-campus counterparts.

OSU purchased a distance-learning sys-

tem from a vendor (Tandberg) and installed
it in the school’s main Radiation Center
classroom. The system consists of a presen-
tation module, an LCD desktop touch
panel, room cameras, a compression/de-
compression module, a streaming encoder,
DVD/VCR players, a document camera, a
multimedia projector, and a SMART Sym-
podium™ interactive graphics tablet. The
system can double as a videoconferencing
center.

With this equipment, the user can show
PowerPoint or other computer-based mate-
rial, play or record on DVDs or video cas-
settes, use the document camera, and show
the instructor or the on-campus class on
camera. The distance students see whatever
is projected on the screen at the same time

the on-campus students are seeing it.
Communication with the distance audience

is done through Web streaming. The distant
student has the option of viewing the presen-
tation live, although because of conflicting
work commitments, most students view
archived lectures at their convenience at a
password-protected Web site, Binney said.

Communication with the distant students
is primarily through one-way audio and
video, although, he said, if a group of stu-
dents were at the same site, communication
could be done with two-way audio and
video. Under consideration is the installa-
tion of a phone line in the Tandberg system
to allow two-way audio during the lectures.
The awkward part of this, Binney explained,
is that there is about a 20-second delay in
the signal received at the distant site.

The distance program began in fall 2003
by offering three courses: radiation protec-
tion, neutron transport theory, and nuclear
radiation shielding. Eight courses are
scheduled for the 2004–2005 school year:
radiation protection, thermal hydraulics, ra-
diophysics, nuclear criticality safety, ra-
dioecology/environmental aspects, radiobi-
ology, radiation dosimetry, and scaling.

To date, according to Binney, distance
students from Oregon, Washington, Cali-
fornia, Arizona, New Jersey, and Rhode Is-
land have enrolled in these courses. In-
quiries have been received from other states
and several other countries.—E. Michael
Blake, Dick Kovan, and Rick Michal
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The distance education
programs offered by UT have
graduate enrollments for
nuclear engineering that
have increased by more than
25 percent.


