
T H E A M E R I C A N N U C L E A R Soci-
ety gathered June 13–17 in Pitts-
burgh, Pa., for its 50th anniversary

at a moment when memories of the ori-
gins of ANS—the aftermath of President
Eisenhower’s “Atoms for Peace” initiative,
and the numerous possibilities foreseen for
bringing nuclear science and technology to
applications for the benefit of all human-
ity—could be accompanied by optimism
for the short- and long-term future of the
field. The theme of the meeting was A
Golden Anniversary—A Golden Opportu-
nity, and although during the second half of
the Society’s existence no power reactor or-
ders have been placed in the United States,
the 1073 attendees who gathered in Pitts-
burgh in mid-June could look to a new re-
actor order in Finland, a likely order to fol-
low in France, the U.S. nuclear industry
consortia preparing to test the new system
for licensing, and signs of more favorable
public attitudes toward new nuclear plants
as indications that a nuclear power renais-
sance might occur in the United States early
in the Society’s second half-century.

The memories of the first half-century,
and the accomplishments of ANS and the
nuclear community, were evoked during
the 50th Anniversary Banquet on Sunday
night, the first official event of the meeting.
Susan Eisenhower, granddaughter of for-
mer President Dwight D. Eisenhower and
president of the Eisenhower Institute, gave
a presentation in which she noted the appro-
priateness of Pittsburgh—the birthplace of
commercial nuclear power generation—as
the location of ANS’s anniversary meeting,
and thanked the Society for helping to
transform her grandfather’s “Atoms for
Peace” vision into reality.

Following her talk, she introduced John
Simpson, ANS past President (1973–74)
and honorary chair of the meeting, and pre-
sented him with an ANS Presidential Cita-
tion for his lifetime of achievements. Simp-
son’s talk provided insight into the sense of
adventure that existed at the dawn of the nu-
clear age, and into what it was like to be one
of the nuclear pioneers. He related firsthand
stories about important figures of the early
times, and conveyed the excitement of those

who took nuclear through the transition
from wartime use to commercial power gen-
eration. He was one of 19 ANS past Presi-
dents in attendance at the dinner, where they
and the Society’s other previous leaders
were honored for their contributions.

Seizing opportunities
Speakers at the opening plenary session

on Monday morning touched on the meet-
ing’s theme, but tempered slightly their as-
sessment of the opportunities for nuclear

development in the coming years.
While all agreed that ANS, and nuclear

professionals in general, can do much to
seize the opportunities and broaden the ben-
efits to the nation and world from nuclear
energy, they made it clear that real progress
depends also on developments outside the
nuclear community, in the political and
public arenas. The consensus was that a nu-
clear renaissance is possible, and may be
becoming more likely, but can occur only
if issues such as high-level waste disposal
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On the 50th anniversary, golden
opportunities foreseen

◆ Nuclear renaissance possible, if issues
are resolved

◆ TMI-2 changed how the industry 
does business

◆ ANS should lead in presenting
demonstrated science

◆ Zero fuel defects should be the industry’s
goal

◆ Shift is away from prescriptive standards

◆ Nuclear desalination faces several
challenges

◆ Not just one solution to sump clogging 
at PWRs

◆ Improvements suggested to upgrade
safety culture



are resolved fully.
The early part of the session focused on

ANS matters. Joe Colvin, of the Nuclear En-
ergy Institute, presented the Henry DeWolf
Smyth Nuclear Statesman Award—a joint
award of ANS and NEI—to former ANS
President and Nuclear Regulatory Commis-
sion Chairman Joseph P. Hendrie. Stephen
R. Tritch, of Westinghouse, a general co-
chair of the meeting, read a letter from Pres-
ident George W. Bush congratulating ANS
on its 50th anniversary. Then the other meet-
ing co-chair, Gary Leidich, of FirstEnergy
Nuclear Operating Company, presented a
video that pointed out some of the nuclear
community’s many roots in the Pittsburgh
area: the original power reactor at Ship-

pingport (both as a
light-water reactor
starting in the 1950s,
and as a light-water
breeder reactor start-
ing in the 1970s), and
the nearby two-unit
Beaver Valley plant
in operation today.

Leidich then pre-
sented the plenary
speakers. Sen. Larry

Craig (R., Ida.) was unable to attend in per-
son, because the various memorial services
for the late President Ronald Reagan in
Washington, D.C., during the previous
week had forced legislative business to be
rescheduled; he sent a videotape in which
he explained that work on defense high-
level waste appropriations forced him to re-
main in the capital. (Technical glitches in
the video, and Craig’s largely off-the-cuff
remarks, supported the impression that
Craig had indeed changed his plans sud-
denly and made the video only as a last re-
sort.) Craig said that there was still a “slim
but outside chance” that comprehensive en-
ergy legislation could be passed by Con-
gress before this year’s election. He noted
the public’s reaction to this year’s rise in
gasoline prices, and said, “This reality
check . . . may well jar Congress into ac-
tion.” He added that any serious push by the
federal government for new energy sources
would include a large nuclear component.

Current NRC Chairman Nils J. Diaz
joined in the celebratory mood of the ses-

sion, praising nuclear
pioneers (including
past ANS Presidents)
for the legacy they
have left, including
power reactors and
other nuclear facili-
ties now in opera-
tion. But he said that
the technology’s
safety record “is not
to be taken for

granted,” and the prolonged outage at
Davis-Besse (and the discovery there of an

eroded cavity in the upper vessel head)
should serve as a wake-up call. He noted
that the Three Mile Island-2 accident in
1979 forced a realignment of the nuclear in-
dustry, and an awareness that a problem at
one plant can reflect on all others. Diaz en-
dorsed the prescriptive approach to regula-
tion in use at the time, but said that several
hundred reactor-years of additional operat-
ing experience, and the development of risk
analysis techniques, have made it possible
for regulation to become more risk-in-
formed and performance-based. Also, rais-
ing an issue that would be revisited by
many other speakers
at the meeting, Diaz
noted that the new
generation of profes-
sionals entering the
nuclear fields is not
large enough to re-
place the retiring pi-
oneers, and said that
ANS is “never more
needed than today”
to assure an abun-
dant supply of qual-
ified personnel.

Pittsburgh was also important in the de-
velopment of the nuclear Navy, through the
Bettis Laboratory. Thomas H. Beckett,

deputy director of
the Naval Reactors
Program, summa-
rized the program to
date, noting that it
has logged more
than 130 million
miles of submarine
travel without a sin-
gle accident, health
impact, or instance
of environmental

damage. He credited this record to the core
values established by the program’s
founder, Adm. Hyman Rickover: technical
excellence and competence, meritocracy,
acceptance of complete responsibility,
training of and challenge to all personnel,
firm authority, and total commitment to
honesty, safety, and environmental stew-
ardship. Beckett also noted that unlike in
the civilian power sector, naval reactor or-
dering has not paused, with new orders
placed in the 1980s, 1990s, and since 2000.
Later this year, he added, the first Virginia-
class submarine will be commissioned,
with a core intended to last for the whole
33-year life of the craft.

Kingsley’s seven points
Next to speak was Oliver D. Kingsley,

Jr., chief operating officer of Exelon, with
remarks that were to be cited and quoted
frequently by other speakers for the dura-
tion of the meeting. Kingsley recalled that
five years earlier he had told a reporter that
a nuclear renaissance was approaching, and

said he believes that it is now in its early
stages—but does not
have an assured fu-
ture. After summa-
rizing the activities
to date of the NuStart
consortium, of which
Exelon is a member,
and its plan to apply
for site approval and
a construction/oper-
ating license even
though none of the

NuStart partners currently intends to order

a reactor, he listed seven preconditions that
would have to be met before new plants
would be built:
■ The market must create a demand for
more power. Kingsley noted that there have
been about $50 million in losses from “mer-
chant” plants, built as speculative invest-
ments with traditional rate-base inclusion,
and this environment won’t support nuclear
plants. Reserve margins are declining, how-
ever, and Kingsley said that with 90 percent
of all recent generation additions being gas-
fired, there has been an adverse effect on
the price of gas in the fuel’s traditional mar-
kets, like fertilizer and home heating. He
said that the price of gas in four major Ex-
elon regions translates to electricity costs in
excess of $50/MWh for that fuel.
■ Someone, preferably a utility CEO, must
lead the way, perhaps risking the presumed
ire of the financial community by showing
a clear intent to build a new nuclear plant.
Kingsley cited the late William Lee, of
Duke Power Company, as an example of
the kind of leader who would be needed.
■ There must be new, deliverable technol-
ogy—not experimental, but already able to
provide “operational comfort.” The ABWR,
for instance, already has operational expe-
rience. The certification of the AP1000 and
ESBWR may satisfy this condition, from
the standpoint of NuStart.
■ There must be regulatory predictability
and stability. Kingsley said that he thinks this
is in place now as far as reactors are con-
cerned, but said that it would be difficult to
announce new orders unless another regu-
lated project—the proposed high-level waste
repository at Yucca Mountain, Nev.—is de-
termined to be a licensable site.
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■ Acceptable financial returns must be
available. Kingsley said that construction
cost is a major concern, and there should be
financial incentives for “first movers” who
would make their commitments before
economy of scale and proven performance
could make reactor ordering more attrac-
tive. He noted that there is currently 10
times as much federal funding for fossil and
renewable energy as there is for nuclear.
■ The infrastructure to design and build
power reactors must be reestablished. He
recalled attending a World Association of
Nuclear Operators meeting in Osaka, Japan,
and wondered if there were more nuclear
construction capability around Osaka Bay
than in all of the United States. He said the
issue is not just whether there are enough
engineers and university nuclear programs,
but whether craft workers, technicians,
training programs, and apprenticeships will
be in place.
■ There must be public confidence in nu-
clear power. Kingsley exhorted nuclear
professionals to quit apologizing and pro-
claim the progress of power reactors. Re-

turning to the financial state of the elec-
tricity industry in general, he noted that
since the start of 2002, the Dow-Jones util-
ity index was down 13 percent overall, but
the stock prices for nuclear plant owners
had risen, and the six utilities that have
bought power reactors from other utilities
are up 65 percent. He added that the nu-
clear industry will not be able to tolerate
poorly performing reactors anywhere in
the country. “If you’re not getting better,”
he concluded, “you’re certainly moving
backwards.”

The final speaker was Luis E. Echávarri,
director-general of the Organization for
Economic Cooperation and Development’s

(OECD) Nuclear En-
ergy Agency. He
said there are now
more than 10 000 re-
actor-years of expe-
rience worldwide,
but OECD countries
are growing more
dependent on energy
from unstable re-
gions of the world.
He said that the Ky-

oto treaty on carbon dioxide emission lim-

itation is an important aid to nuclear devel-
opment, and cited as an example the order
for the Olkiluoto-3 reactor in Finland a few
months earlier.

There remains, however, great uncer-
tainty on upcoming energy choices in many
nations. Echávarri said that countries accus-
tomed to command-and-control decision-
making are being forced to learn about the
workings of the market. He also mentioned
the Generation IV international forum, with
11 countries working on six advanced reac-
tor concepts, as a way for the worldwide nu-
clear community to help advance the tech-
nology to newer systems and a gateway to
the hydrogen economy.

Questions for the panel
In the ensuing panel discussion, Leidich

asked Kingsley how ANS could help meet
the seven preconditions. Kingsley replied
that the Society and its members could help
uphold nuclear education, stress positives
in public debates, and serve as a common
ground for the whole nuclear community.

Kingsley’s call for a CEO to lead the way
in plant ordering
prompted a question
from the audience
by former ANS
President Andrew
Kadak, who asked
Kingsley if he were
volunteering. Kings-
ley (Exelon’s COO,
not CEO) said only
that Exelon is will-
ing to make a sub-
stantial investment

once other needs are met—especially re-
garding Yucca Mountain.

On the same topic, Kingsley was asked
about a recent statement by Dominion En-
ergy CEO Thomas Capps, that the utility
consortia have “unrealistic” ambitions (NN,
July 2004, p. 12), and whether Kingsley
saw NuStart evolving eventually into an en-
tity that would order, build, and operate
new reactors. On the Capps statement,
Kingsley acknowledged the awareness of
financial risk that gave rise to it, and said
that NuStart is nowhere near the point of
considering an order, but added that it
would be worthwhile for several utilities to
be involved, and share the accompanying
risks.

To an extent, the panelists were chided
by audience members for limiting their
near-future focus. One questioner said that
economy of scale argued for resuming con-
struction with more than one reactor;
Kingsley said that the first step had to be the
establishment of a single reactor project,
and that if it went as intended, others would
follow. “My heart says eight,” he said, “but
my head says one.”

Another questioner wondered whether
the addition of new reactors would put a

strain on the uranium
supply in the once-
through fuel cycle
now in place, and
whether nuclear
could expand with-
out breeder reactors.
Tritch responded that
the focus should stay
on what’s needed to
resume reactor or-
dering, and that it

would be unwise to push for breeders.

TMI-2: The lessons learned
It was 25 years ago in March that the

commercial nuclear industry learned that it
was fallible. In the aftermath of the accident
at Three Mile Island-2, the industry made
changes in almost all aspects of how it did
business, from education and training and
plant operations, to regulatory oversight,
and brought the phrase “lessons learned”
into the nuclear lexicon. The Monday after-
noon session at the ANS Annual Meeting,
“Twenty-five Years After TMI-2: Lessons
We Need to Remember,” took a look at
some of those changes and asked the ques-
tion: Are we starting to forget why we made
these changes in the first place? The session
was organized by Jim Byrne, of FirstEnergy
Nuclear Operating Company, sponsored by
the ANS Decommissioning, Decontamina-
tion and Reutilization Division, and
cosponsored by the Education and Training
Division and the Operations and Power Di-
vision.

Bob Long was a vice president at TMI
operator GPU Nu-
clear when the acci-
dent occurred. With
the accident now 25
years in the past, he
felt compelled to re-
mind the session au-
dience just how dev-
astating the accident
had been for the re-
actor and the com-
pany that owned and

operated it. As he noted, the reactor core
was destroyed, with 70 percent of the fuel
damaged and more than 50 percent of it
melted; a million gallons of highly contam-
inated water collected in the reactor and
auxiliary building basements; a large vol-
ume of krypton gas accumulated in the re-
actor building; and local residents suffered
considerable mental stress and local busi-
nesses suffered economic losses. And be-
cause of the high levels of radioactivity af-
ter the accident, much of the damage would
remain unknown for many more years.

The full picture of just how damaged the
reactor was began to emerge in 1986, Long
said. The first images of the shattered fuel
rods, the molten mass at the bottom of the
vessel, the melted instrument tubes, remain

Long
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“burned into the memory of everyone in the
power business,” Long commented. In ad-
dition, as reported in 1993, accident ana-
lysts eventually determined that a square
meter section at the bottom of the reactor
vessel reached 1100 °C, which is consid-
ered white hot. Nonetheless, the vessel did
not rupture.

The social consequences of the accident
were equally dramatic, Long said. Although
there were no deaths or injuries, the plant
was ruined, never to operate again; it took
a billion dollars to clean up the mess; ad-
joining TMI-1 was shut down for more than
six years; GPU was driven to the edge of
bankruptcy (its stock dropped from $18 a
share before the accident to just over $3);
the public emotion about the accident re-
mained intense, with people still express-
ing concern about living near TMI; and bil-
lions of dollars were spent worldwide to
improve plant safety and performance.

Tony Barratta, professor emeritus at
Penn State Univer-
sity, discussed the
accident’s impact on
nuclear engineering
education. Prior to
the accident, nuclear
engineering educa-
tion programs had 
remained somewhat
static, but not long
after the accident,
enrollments began to

increase—driven, Barratta said, by a re-
sponse to the challenge of making nuclear
energy safer, especially among the better
students. This increase, however, was short-
lived, especially after the 1986 accident at
Chernobyl disillusioned students who
thought things had changed and as the 
“cyber revolution” enticed the cutting-edge
students away.

Today enrollments are again increasing,
but the ability for the nation’s universities to
respond has decreased. Only 27 university
reactors remain operational. Today’s fac-
ulty members often lack a depth of under-
standing (few have power reactor experi-
ence, Barratta said). Many programs have
merged into more traditional engineering
fields (mechanical, electrical, etc.), which
can create problems for nuclear engineer-
ing education because the traditional pro-
grams often do not provide the emphasis on
safety that the specialized programs have.
Most important, Barratta concluded, indus-
try support has been lagging, and industry
especially does little to support faculty re-
search, an area that universities still find
valuable.

Changes in training, operations
TMI also changed the face of nuclear

training forever, noted Jane LeClair, from
Constellation Energy’s Nine Mile Point nu-
clear station. At TMI, she said, operators

were faced with a situation they had never
seen before, were working with confusing
procedures, lacked a fundamental knowl-
edge of the reactor workings, and had no
knowledge of lessons learned from previ-
ous operating experiences at other plants.
Among nuclear utilities, prior to 1980, op-
erator training was considered a minor
function, and training staffs were poorly
funded and inadequately staffed.

After TMI, the industry worked quickly
to fill the training void. In May 1982, the In-
stitute of Nuclear Power Operations (INPO)
established an accreditation program for the
industry, and the industry responded by
preparing its training programs for accredi-
tation. The U.S. Nuclear Regulatory Com-
mission endorsed the INPO accreditation
program in March
1985, and issued a
training rule in April
1993 that recognized
industry’s training
and accreditation ef-
forts. And the Amer-
ican Nuclear Society
developed standards
for training and qual-
ification of nuclear
plant personnel.

More specifically,
she said, the industry systematized its train-
ing program; increased eligibility require-
ments for senior operators and operators;
added training in heat transfer, fluid flow,
and thermodynamics; increased training
emphasis on reactor transients and on mit-
igating core damage; and toughened NRC
licensing examinations. Finally, plant-spe-
cific simulator training became the norm for
all operator training.

Changes in plant operations were ad-
dressed by Pete Sena, operations manager
at Beaver Valley. “It’s all about people
these days,” he said, and “managing people
is tough.”

Sena outlined the way an “effective or-
ganization” looks at operations. Among the
highlights: an emphasis on people, and
“ownership” by employees and unions of
the tasks they are assigned to do; an em-
phasis on constantly improving perfor-
mance; team benchmarking with other
plants; and high expectations. For exam-
ple, an effective organization looks at a
“near miss” as a failure, and constantly re-
views minor slips. A less effective organi-
zation, on the other hand, might look at a
near miss as a success, because, after all,
nothing bad happened.

At Beaver Valley, every job is briefed
prior to the job and afterwards. Lessons
learned are saved and incorporated into fu-
ture procedures. “Peer checks” provide a
second set of eyes for every action. Sena ad-
mitted that industry is split pretty much
50/50 on peer checks, but he feels that they
serve a valuation function. “If you do it right

the first time as a result of a peer check, ul-
timately your productivity goes up.”

A dedication to following procedures is
another important aspect of operations at
Beaver Valley. “We have procedures for
following procedures,” Sena laughed. But
by emphasizing procedures, he said, “oper-
ators stay in ‘rule-based land,’ and don’t go
into ‘knowledge-based land.’”

Regulations and response
The accident brought a new world view

to the NRC, noted David Matthews, direc-
tor of the agency’s Division of Regulatory
Improvement Programs. In addition to a raft
of new regulations, the accident brought
about an increase in opportunities for the
public to make their opinions known dur-

ing the regulatory process. This provided a
sea change in the utility world, where the
prevailing attitude had been that it’s best if
no one knows about them. Even today, he
said, some utilities still look at the public
process as an intrusion, but the NRC is
committed to the change.

One problem the NRC still faces is “con-
necting the dots” from previous experi-
ences, because there are still roadblocks to
data sharing. Can we use INPO experience
or is it confidential? Some foreign countries
may not want to share experience that might
reflect badly on them. In many ways,
Matthews said, we face the same problems
as the many entities of the intelligence com-
munity—that is, whose data is it, anyway?

In subsequent discussion, Long men-
tioned one other area of improvement:
emergency response. There was no such
thing as an effective emergency response
program when TMI happened, he said. In
those pre-cell-phone days, there were no
telephones for reporters to call in their sto-
ries (the only telephone was in the control
room, Long commented, and it had been
“off the hook” since the accident), no
trained briefers, no equipment or supplies
for briefers or reporters. “We had a trailer
with no furniture, no pencils, no paper,
nothing,” Long said.

Today, 25 years later, the good perfor-
mance of today’s nuclear plants is testament
to the effectiveness of the post-TMI im-
provements. But “continuous vigilance” is
needed, Long cautioned. Indeed, he noted,
things are not as good as you would like

Barratta
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them to be, and they are not in an improv-
ing trend. For example, significant events
increased 40 percent in 2003; forced shut-
downs during the first 10 days after a refu-
eling outage have increased; and since
2000, there has been a 27 percent decrease
in the number of plants in INPO’s “excel-
lent” category. And, Long concluded, the
recent issue of the corroded reactor head at
Davis-Besse proves that the industry must
remain vigilant, and must never forget the
lessons learned from this country’s worst
commercial nuclear accident.

Realism: Set the record straight
In the ANS President’s Special Session,

Realism in Evaluating Nuclear Hazards,
outgoing President Larry Foulke said that

one of ANS’s priori-
ties is to be a source
of credible informa-
tion on science and
technology. A criti-
cal issue that needs
to be put right in this
regard, he said, is the
discrepancy between
the apocalyptic de-
piction of a nuclear
accident and the

demonstrated scientific facts. As members
of this Society, Foulke said, “we have a re-
sponsibility to correct this.”

ANS, he added, “should take a leadership
position” on this issue, and he added his
hope that this session would mark a step
along the way. The speakers, said Foulke,
would be describing how conservatisms in
the models, methods, and input have led to
calculations predicting that there would be
high levels of cancer fatalities and risk, and
would show that these conservatisms and
the results of the calculations have no basis
in reality. Using conservative values and
computer models that actually reflect real-
ity, he noted, the numbers associated with
consequences become ever so small.

The session was led by Ted Rockwell,
who, at Foulke’s re-
quest, has been head-
ing up a group prepar-
ing a White Paper on
this topic. Rockwell is
currently vice presi-
dent and founding of-
ficer of Radiation,
Science & Health,
Inc., an international
public interest organi-
zation of independent

radiation experts committed to bringing radi-
ation policy into line with scientific data and
theory.

Nuclear experts’ attitude, Rockwell said,
is that a major core accident would never
be allowed to happen, because that would
mean the end of nuclear power. It is some-
thing so unimaginable that there is no de-

sire even to want to talk about it. In fact, a
lot of work has been done to determine re-
alistic scenarios of the release and disper-
sion of fission products and how the conse-
quences are limited by the actual physical
properties of the materials at hand. There is
a good realistic story to tell, he said, based
on facts, knowledge, and understanding.

Rockwell explained how this issue has
come to a head. About two years ago, Nu-
clear Regulatory Commission Chairman
Nils Diaz began ad-
dressing ANS and
other organizations,
saying that it is nec-
essary to start using
realistic figures. We
cannot continue us-
ing extreme unreal-
istic assumptions.
“Here is the chief
watchdog telling us
that we do not be-
come safer going to
extremes,” said Rockwell, who added that
Larry Foulke has taken on the challenge and
is personally championing this issue.

Ian Wall, a consultant and the first
speaker, was involved in the early work at
EPRI on accidents and has contributed to

the White Paper. He
became involved in
risk assessment in
1967 while working
at General Electric.
Upon joining the
NRC in 1974, said
Wall, one of his first
jobs was to correct a
serious error in the
consequence model
then used. He devel-

oped a new code that showed that the con-
sequences were concentrated mainly near
the plant, that there would be time to evac-
uate, and that the risks become very small
at distances farther away from the plant.
“The point,” he said, “is that realistic mod-
els changed our perspective about offsite
consequences.”

By introducing realism, said Wall,
WASH 1400 (known as the Rasmussen Re-
port) also changed the perspective of what
was important to reactor safety. Prior to
WASH 1400, the consensus of experts was
that the probability of core damage was in-
finitesimally small, while the consequences
were very large. WASH 1400, he said,
showed that the probability was larger than
expected, but the consequences were tiny.

Prior to the accident at Three Mile Island-
2, safety experts assumed that the iodine re-
leased would be elemental and gaseous and
a large fraction would be discharged to the
atmosphere. Under this premise, said Wall,
the TMI accident sequence should have re-
leased millions of curies of iodine-131. It
turned out that only a very small amount

was released. The subsequent investigations
identified mechanisms—such as nuclides
being dissolved in water and plating out—
that meant most were retained at the plant.
This further changed the perspective of the
consequences of reactor accidents.

During the 1980s, EPRI undertook work
on accidents, which added more realism.
Wall’s part involved setting out a program
of experiments to characterize and measure
the retention of radioactive material within

fuel, within the reactor system, and within
the containment. This resulted in a tenfold
reduction in the WASH 1400 source term.

In general, Wall said, a much better job is
being done than before. He added that re-
actor designs should be conservative, but
should be supported by probabilistic risk as-
sessments that are as realistic as possible.

Realistic conservatism
Before introducing the next speaker,

Rockwell explained another event that is
driving this work. Recently, an antinuclear
report analyzing a hypothetical fuel pool fire
associated with a terrorist attack predicted
thousands of radiation-induced deaths hun-
dreds of miles away, and demanded that all
such fuel be transferred to dry storage casks.
The report was given to Congress, which
asked the National Research Council to look
into it. The authors said that they did not in-
vent the numbers and the methods used:
They were taken directly from reports pre-
pared by Sandia National Laboratories and
other nuclear laboratories. In fact, the NRC
accepted this point, and to its credit took up
the challenge, realizing that there is a wider
issue here. In its testimony, the commission
underlined that the type of analysis done
here—the sort carried out over many
years—is not relevant to the real world be-
cause the premises are too unrealistic. The
NRC explained that the premises may have
been right for scoping studies, when they
were looking to bound a problem, but they
are not right for predicting deaths.

The next speaker was Farouk Eltawila,
director of the Division of Systems Analy-
sis and Regulatory Effectiveness in the
NRC’s Office of Nuclear Regulatory Re-
search. Eltawila began by defining “realis-
tic conservatism,” a term coined by NRC
Chairman Diaz, who believes that public
policy should not be based on the most con-
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servative assumptions and extreme scenar-
ios. Conservativism, he said, means em-
ploying a defense-in-depth strategy and en-
suring there are adequate safety margins.
Realism comes from using the best infor-
mation you have from science, engineering,
and operating experience.

Today, the commission has much better
knowledge of phenomena such as fracture
mechanics and aging, Eltawila explained.
This helps reduce uncertainties, improve
the quantification of safety margins, and
provide a better understanding of the safety
issues associated with accidents. This is
helping the NRC move away from the use
of the traditional deterministic conservative
assumptions to calculate consequences, to-
ward what he called “risk-informed realis-
tic conservatism.”

Regarding the issue of a spent fuel fire,
Eltawila discussed NUREG-1738, a spent
fuel pool analysis carried out in 1999–2000
by Sandia and Brookhaven national labora-
tories. This study was done for a specific
purpose and used a great deal of conser-
vatism. In fact, it assumed the worst possi-
ble scenario. In this case, he said, the analy-
sis gave a very low risk, which the NRC
said was acceptable. There was no reason
to go further because the answer already
provided the information needed to make a
regulatory decision. The NRC understood
the conservatism used, he noted, which in-
volved assumptions that were not realistic
or appropriate for making a decision regard-
ing a terrorist attack—a situation where re-
alism is needed. Unfortunately, he said,
people have tried to extrapolate that type of
information from a hypothetical accident to
a terrorist attack and have come up with a
huge number of cancer fatalities.

The NRC’s latest review, said Eltawila,
indicates that the pool’s structure is very ro-

bust and the location of fuel in pools make
them highly resistant to terrorist attack. A
transient analysis has indicated that fuel is
more easily cooled and the decay heat level
is much lower than predicted in earlier stud-
ies. There are at least 24 hours from the
time the pool empties of water and the start
of fuel damage and the release of fission
products. 

The review, said Eltawila, shows that the
demand for the transfer of spent fuel from
the pool to dry casks at the cost of billions

of dollars is not justified. He added that the
NRC has identified a strategy for loading
spent fuel into the pool that can substan-
tially reduce cooling
time of freshly dis-
charged fuel, further
reducing any conse-
quences from an in-
cident.

Rockwell com-
mented that Eltawila
and Diaz are owed a
big vote of thanks
for tackling this is-
sue, and recognizing
that although some
try to characterize it differently, no one is
trying to reduce safety. “Getting more real-
istic is not reducing safety, it is getting
safer.”

Transport realities
Ruth Weiner, senior staff scientist at San-

dia National Laboratories and a member of
the NRC’s Advisory Committee on Nuclear

Waste, described the
arbitrary premises
that produce large
overestimates of ra-
diation dose from a
postulated radiologi-
cal incident involv-
ing nuclear transport.
Since records on
transportation inci-
dents began, there
have been only 90

cask accidents, none of which released ra-
dioactive materials or ionizing radiation.
This is not surprising, she said, given the
extreme tests undertaken.

Conservatism in transportation is used,
she said, at four points: computer models;

inputs to the model;
interpretation of re-
sults; and the notion
of the bounding
case. This last one,
she noted, implies
that if we can show
that nothing much
happens in the worst
possible case, then
clearly the situation
is not bad. These
four conservatisms

were used in NUREG-0170 (1970), the first
environmental impact statement on trans-
portation of radioactive material by air and
other means. The NRC and utilities still use
it, with advanced computer codes of course.

Weiner then described what real mea-
surements do to a conservative model. To
show this, she described the calculation of
dose from an incident-free transportation
operation. In this case, the truck is modeled
by a sphere rolling down the road with dose
measured at 1 meter from the surface. There

are other conditions, such as that the truck
stops every 100 miles for an inspection in
a crowded urban area, and that no one

moves. There was no validation done on
this until a few years ago, she said, when a
graduate student did some actual measure-
ments at Hanford. It turned out that this
model is extremely conservative.

“You give it stupid numbers,” she said,
“and it gives you stupid numbers back.”
The model never tells anything that it is not
told first, she said, adding that opponents
say they use the same models as those used
by the experts and get tremendously high
doses. The reason, Weiner explained, is
that they start with tremendously high
numbers.

The modeling of real accident situations
is more complex, she said. Her colleagues
at Sandia came up with NUREG-6672,
which constructs 19 accident scenarios for
trucks and 21 for rail. This gives much more
realistic levels of doses of release than the
previous NUREG, she noted, but is still ex-
cessively conservative.

The facts about buried HLW
Bernard Cohen, professor emeritus of

Physics and Environmental and Occupa-
tional Health at the
University of Pitts-
burgh, focused on
the concerns of high-
level waste (HLW)
buried a half-mile
underground. Cohen
has authored many
papers and several
books on assessing
nuclear power risks.
For the purposes of

his talk, he used rock as an analog for
HLW—in its own form, encased or con-
verted into glass or into another rock-type
matrix known as “Synrock.” He queried
that if the HLW is buried a half-mile un-
derground, why should this be dissolved
out by groundwater any sooner than 2000
feet of rock above it? We understand nat-
ural rock, he said, and we ought to use this
understanding.

An example of not using what we know
about rock was a study carried out about 20
years ago by the National Academy of Sci-
ences (NAS) on HLW glass that presented
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calculations of releases and health effects.
It did not identify anything catastrophic. Go-
ing over this work, however, Cohen saw
how totally unrealistic it was. Taking the
method used by the NAS, the rock 2000 feet
deep would dissolve at a rate of about 1 per-
cent per year—so in other words, it would
last only about 100 years. But it is well
known that rock 2000 feet deep dissolves at
a rate of about one ten-millionth of a percent
per year and lasts about 1 billion years. In
other words, they made an error of a factor
of about 10 million. He showed other weak-

nesses in the NAS approach, and in the end,
he observed that this report, hailed by the
nuclear industry at the time, made all the
mistakes that Ted Rockwell talked about.

Cohen also discussed the risk of cancer
fatalities due to buried HLW generated
from 100 nuclear plants, and compared it to
the risks from coal-fired plants. The bottom
line is that each of the three different types
of waste released from coal burning—air-
borne pollution, chemical carcinogens in
coal ash, and radioactive waste in coal (ura-
nium, thorium, and radium, and the subse-
quent radon emissions)—cause 1000 times
more deaths than HLW. Cohen added that
the natural radioactivity in the ground
above the waste from uranium and thorium
provides 100 times more cancer doses than
the waste.

Cohen also “unpicked” the picture that the
antinuclear groups try to paint. For example,
groundwater does not flow like a river; it is
more like dampness seeping through the
ground. At Yucca Mountain, groundwater
moves at about 1 foot per year. He also noted
that it would take groundwater at 2000 feet
below the surface about 1000 years to get to
the surface. Any radioactive material, how-
ever, would be held up by a number of
processes, and would be expected to take
1000 times longer to get to the surface.

ANS White Paper
Rockwell concluded with some thoughts

about the White Paper (ANS member input
on the White Paper was being requested as
of late June on the ANS Web site). The re-
port, he stressed, is a working document de-
signed to get the message clear as to what
the realistic facts are about radiation haz-
ards in the worst case and in the real situa-
tions people face.

He particularly wanted to “knock out”
two false premises: that a severe accident
would be the end of the world and that “one
damn ray will kill you.” As an example of
the problem, he noted that when an incident
occurs, such as the Davis-Besse problem, it
is usually reported as almost a major acci-
dent, as if a small hole in the reactor would
lead to thousands of deaths.

As for very low-dose radiation, Rockwell
said that there is no real scientific basis for
assuming it is harmful. In fact, he observed,
there is considerable evidence that some ra-

diation is beneficial.
He noted that the
goal is not to try to
overturn the science
on which their rec-
ommendations are
based, and said that
he believes that
many of the advisory
committees promot-
ing the linear no-
threshold concept
have been remiss in

their not examining, evaluating, and report-
ing on the massive amount of evidence on
the beneficial effects of low-dose radiation.

Rockwell also challenged the idea that it
is safer and more beneficial to assume that
the world is different than it is. Putting
some realism in place of “silly” premises
does not represent a decrease in safety, he
said. He was not talking about regulators’
yielding to pressure from the industry to be
less safe. If a most realistic assessment of
the situation is made, “with conservative el-
bow room,” then there will have been
movement toward “safer, not less safe.”

Fuel issues
The long-term success of the nuclear

power industry and light-water reactors in
particular is tied to the reliability of nuclear
fuel, according to Ivan Maldonado, associ-
ate professor of Mechanical, Industrial and
Nuclear Engineering at the University of
Cincinnati.

The industry is increasing capacity fac-
tors and cycle lengths at the same time that
power uprates are occurring. By many ac-
counts, these factors “are conspiring to test
the bounds of the performance and reliabil-
ity of nuclear fuel,” said Maldonado, orga-
nizer of the session on “Current Issues in
LWR Nuclear Fuel Performance and Reli-
ability.”

Zero fuel defects should be that bound-
ary of performance and reliability, sug-
gested Bill Pierce, site vice president at
Beaver Valley nuclear power plant, oper-
ated by FirstEnergy Nuclear Operating
Company (FENOC). Beaver Valley has
two Westinghouse pressurized water reac-
tors. Unit 1 is rated at 821 MWe (net) and
Unit 2 at 831 MWe (net). “We need to chal-
lenge the fuel vendors to continue robust

fuel development,” Pierce said. “We need
to challenge the core designers to guard fuel
margins. We have to challenge fuel han-
dlers to protect fuel during movement. We
need to challenge workers to prevent for-
eign material exclusion [FME].”

Pierce chastised the industry for not hav-
ing a goal of zero fuel defects, and for its
“lack of [having] a cohesive plan to achieve
the things we need to achieve regarding fuel
performance.”

The industry, he continued, should get to
a point where a defective fuel pin at a nu-
clear plant would be something that draws
interest. “Today, we look at it as an ac-
cepted thing,” he said. “If it happens, we
feel like we’re powerless to deal with it.
We’ve got to get to a point where we see
fuel defects as something we’re not going
to tolerate.”

Underlying the zero-defect goal is a non-
technical issue, meaning that it’s the gen-
eral public that demands perfection from
the nuclear industry. “I think the public do-
main that allows us to operate these plants
expects us to have zero fuel defects,” he
said. “I just believe that it’s bad business to
have fuel leaks [because any minor nuclear
blip is perceived by the public as a bad
thing] and that [leaks] will be a problem for
us as an industry.”

The industry itself, of course, will have
to foot the bill to support development of
zero-defect fuel, he noted, but at the same
time it is important to retain the low cost of
fuel. “The heart of the electric industry us-
ing nuclear power for production is low fuel
costs,” he said. “Besides that one issue, we
would not be competitive with other
sources of electricity generation, because
our base costs are higher.”

FENOC operates three nuclear sites—
Beaver Valley, in Shippingport, Pa.; Davis-
Besse, an 873-MWe (net) Babcock &
Wilcox PWR in Oak Harbor, Ohio; and
Perry-1, a 1235-MWe (net) General Elec-
tric boiling water reactor in North Perry,
Ohio. Combined, 66 percent of the FENOC
plant’s collective fuel failures have been
caused by grid fretting, 28 percent by de-
bris, and 6 percent through fabrication.

Countering Pierce’s argument was Paul
Edelmann, a fuels
engineer for Con-
stellation Energy’s
two-unit Nine Mile
Point nuclear power
plant, who noted
that he would never
expect fuel to be
made entirely leak
proof. “I don’t think
that’s possible,” he
said. “I don’t know

how much more improvement you can de-
sign into fuel. But I do know from work-
ing at a BWR plant that there is a lot of
room for improvement in control of plant
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chemistry, and especially in foreign mate-
rial exclusion.”

He recounted a story from last spring,
when Nine Mile Point-2, an 1148-MWe
(net) General Electric BWR in Scriba,
N.Y., was entering a refueling outage. Thir-
teen hundred workers were brought on site
to work the outage. For most, it was their
first experience at a nuclear plant. Their in-
experience showed, he said, as illustrated
by a pile of debris that collected on the re-
fuel floor during the outage. “This became
big news” within the plant, he said, because
with the industry spending millions on
FME programs, “somebody [at Nine Mile
Point] was missing something.”

Edelmann advised that strict adherence
to good FME and chemistry practices, com-
bined with safe rod pattern development
and cycle operation, “can and should pre-
vent BWR fuel from undergoing any fail-
ures, even with higher power demands and
longer cycle duties.”

A lesson learned at Nine Mile Point, he
said, was that modern fuel designs will per-
form well when treated with care.

Identifying fuel leaks
Ed Price, a senior engineer for Duke

Power, stated that Duke plants have been
free of fuel leaks since 2001. Duke operates
the two Catawba units, which are 1129-
MWe (net) Westinghouse PWRs, in
Clover, S.C.; the two McGuire units, which
are 1100-MWe (net) Westinghouse PWRs,
in Cornelius, N.C.; and the three Oconee
units, which are 846-MWe (net) B&W
PWRs, in Seneca, S.C.

The Catawba and McGuire plants
switched in 2000 to Westinghouse robust
fuel assemblies with zirconium cladding
from the AREVA/Framatome ANP Mark-
BW design, and Oconee switched in 2001
to AREVA/Framatome ANP Mark-B11
fuel with M5 cladding.

Price said that the whole process of iden-
tifying leakers, at least recently, has been
akin to searching in the dark. “You expect
when you have leakers to have iodine ac-
tivity go up, but we’ve had many cycles
with leakers with very low iodine activity,”

he said. “We’ve also
had mysterious leaks
at plants where we
know we had leak-
ers, but little or no
spiking during tran-
sients.”

Once leakers were
discovered at Duke
plants, he said, there
were problems in
isolating the failed

fuel assemblies. That’s because ultrasonic
testing (UT) has had “very poor reliability
for us the past few years,” he said. “Many
overcalls, many cores that had leakers in
them, did not show up on the UT.”

As an example, Price explained a fuel-
leak search at Catawba-1 from several years
ago. The core showed a substantial increase
in xenon-133, and a UT campaign was done
that resulted in the identification of four sus-
pect fuel rods. “We pulled the rods, but
eddy current testing showed all the rods
were sound,” he said. “So, we did not find
failures in any of these rods.”

Price claimed that INPO’s Fuel Reliabil-
ity Indicator (FRI)—defined as the steady-
state primary coolant iodine-131 activity
(microcuries/gram), corrected for the tramp
contribution and power level, and normal-
ized to a common purification rate and av-
erage linear heat generation rate—is not a
credible measure. A team is being put to-
gether, of which Price will be a member, to
reevaluate FRI to
come up with some-
thing “more realis-
tic,” he said.

A problem with
today’s FRI is that a
core can have leak-
ers with low iodine
activities and low
power defects, but
still be under the
FRI criteria for zero
defects, he said.

Price wondered what had happened to di-
agnostics over the past few years. Stretch-
ing back a decade or two, UT was consid-
ered 85 percent efficient. But over the past
five years, “we haven’t been able to find
anything,” he said. “It makes me wonder if
now the threshold is so low for leakers that
we’re looking for things that, in the past
[when the threshold was higher], we would
see without paying much attention.”

From the fuel manufacturers’ side, Olga
Correal-Price, a principal engineer for
Westinghouse Electric Corp., noted that 25
percent of leakers are from unknown
causes, and that the percentage is increas-
ing. She stressed that finding the reason for
those leakers is “today’s challenge.”

John Schardt, chief technologist of
Global Nuclear Fuel, Ltd./General Electric
Nuclear Energy, said that in the old days,
thousands of fuel rods used to fail through-
out the industry. Today, however, “we’re
talking about tens.” With about 2 million
fuel rods in place in operating reactors in
the United States and only handfuls failing,
“the reliability has been very, very good,”
he said.

Schardt declared that his company and
probably every fuel manufacturer in exis-
tence has a “zero leak mentality.” Every
leaker “hurts everyone. It hurts our cus-
tomers and it hurts the vendor. Each day
that there is a leaker, we know about it that
day,” he said.

Schardt implied that people all the way
up the management chain of command
“hurt” when they learn about a leaker, be-

cause “most of us thought that by now we
might have almost licked” the leaker prob-
lem. He added, “We don’t know of a man-
ufacturing defect that has caused a leaker in
10 years.”

Roger Reynolds, director of Fuel Tech-
nologies and Reliability for Framatome
ANP, Inc., followed up on Schardt’s com-
ments by declaring that “‘Zero tolerance for
failure’ is the way we do our work.”

Standards: A shift in philosophy
The ANS Standards Board has initiated

work to revise many of its standards using
risk-informed and performance-based con-
cepts. This session, “A Movement Toward
Risk-Informed, Performance-Based Stan-
dards: A Shift in Philosophy,” explained

chair Don Eggett, senior management and
manager of business development for Auto-
mated Engineering Services Corp., was
planned to look at the reasons for moving
from conventional prescriptive standards to
more performance-based and risk-informed
standards, and how this is being imple-
mented in ANS-sponsored standards. The
movement to this new approach involves
more than a shift in philosophy, he said. It
reflects a more general shift in the attitude
of industry to use these concepts to evalu-
ate operation.

Standards, Eggett explained, can be per-
formance-based or performance-based risk-
informed, depending on what the needs are
or what the focus will be. To distinguish
these sometimes confusing concepts, the
Board generated the following explana-
tions:

On performance-based: Decide what the
objective is to be then select a series of
tasks, tests, etc., that will get you to the end
point. Selection of the tasks is arbitrary
based upon the particular situation and
plant, and are not deterministic for every
plant and situation.

On risk-informed (which can couple with
performance-based): For each design basis
accident or serious event, determine the
risks to the public health and safety that the
occurrence of the event will entail and then
determine the mitigating events that are
necessary to reduce public risk to a prede-
termined acceptable level.

Don Spellman, of Oak Ridge National
Laboratory and chair of the ANS Nuclear
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Facilities Standards Committee (one of four
standards consensus committees), ex-
plained that the go-ahead was just made at
the Board’s last meeting and that this ses-
sion is the first presentation of its observa-
tions and of some of the work being done.
ANS often takes the initiative in this type
of effort, Spellman said, where there is
something industry needs to address. “And
besides,” he added, “we like the challenge.”
The Board will develop a set of criteria that
explains how to create or revise a standard
or convert it from prescriptive to perfor-
mance-based.

Jim Mallay, director of regulatory affairs
for Framatome ANP and chair of the ANS
Standards Board, opened the session with a

presentation on the
benefits of moving
from a prescriptive to
a more performance-
based standard. Most
of the standards de-
veloped within ANS,
said Mallay, are in-
tended to either com-
plement or positively
influence current and
planned regulatory

expectations. In many cases, he noted, the
NRC has asked ANS to develop standards
on selected subjects, adding weight to any
regulation that is based on those standards
because the commission knows that indus-
try has reached consensus that these are ap-
propriate criteria and requirements.

A particular feature of the standards
groups, said Mallay, is that they provide the
only forum for technical information to be
exchanged freely among all parties, many
of whom are in competition with each other
or are regulated by the NRC, which is rep-
resented on nearly all of ANS’s standards
committees. And so, for Mallay, even if a
working group is not successful in develop-
ing an approved standard, the fact that the

people in the group have gotten together
and communicated is a major benefit to
them individually and to the industry.

Another interesting feature of standards
that is rarely used in regulatory guidance
documents, is the use of the verb “may,”
which denotes “permission.” “May” allows
the use of a technique at the user’s discre-
tion. This is an added value of standards,

said Mallay, especially for those used to
help interpret or complement regulatory
documents.

Mallay explained the shift in approach as
due in part to the needs of industry. During
the last few years, there has been a signifi-
cant decline in the demand for ANS stan-
dards. To some extent, this reflects the ma-
turity of the industry
(and the fact that no
one is building
plants). Neverthe-
less, the Board also
had to consider
whether it was really
serving the interests
of the users. In look-
ing at that, said Mal-
lay, the Board deter-
mined that maybe
there were too many
inefficiencies in the
application of stan-
dards. Many were probably too prescriptive
and inflexible, he noted, and therefore
would not be used.

So, the Board turned to techniques be-
ing advocated by the Nuclear Energy In-
stitute (NEI) and the NRC—namely a per-
formance-based, risk-informed approach.
Mallay defined a performance-based re-
quirement as a required design objective
or operational behavior, including those
attributes that are necessary to verify that
the objective or behavior can be achieved.
A performance-based standard, he said, is
a standard that contains performance-
based requirements together with mea-
sures that can be used to assess the degree
to which the attributes can be achieved.
These measures of success can be qualita-
tive, quantitative, or some combination of
the two.

Prescriptive requirements, Mallay added,
have no flexibility and tell the user nothing
about why the rule was established. Perfor-

mance-based criteria
tell you why—that
is, makes the basis
for a criterion ex-
plicit—and provides
flexibility. But this
does not work for all
requirements. Usu-
ally only a portion of
a standard will be
performance-based,
he said, as there will
be many situations

where prescriptive criteria are necessary.
Standards based on performance-based cri-
teria are also expected to have a longer life
because the objectives, when stated prop-
erly, are not going to change as much as
prescriptive requirements might. Further-
more, they allow revisions more readily.

Finally, said Mallay, performance-based
requirements force people to work in “suc-

cess space,” not “failure space.” One is
never looking at a worst case, but at suc-
cessful performance, where there are more
opportunities.

Duke Energy, said Mallay, was recently
allowed to establish performance-based cri-
teria for the inspection and surveillance of
the new steam generators being put into its

Catawba plant. To deal with a number of
outstanding safety issues raised by the
NRC, the company proposed using a per-
formance-based approach, which the NRC
accepted. Mallay said he thinks that this is
a milestone in this area.

According to Mallay, the first ANS per-
formance-based standard (on the applica-
tion of PRA for making risk-informed deci-
sions on external events) came out about a
year ago. He also noted that ANS has de-
veloped a draft standard for low-power and
shutdown operating states, and plans to
risk-inform its standards on design criteria
for light-water reactors.

NRC pushing performance-based approach
Prasad Kadambi, of the NRC’s Office of

Nuclear Regulatory Research, has been ac-
tive in pushing ANS toward performance-
based standards. This approach, he said, ac-

cepts that nuclear
activities are rather
complex, with peo-
ple, systems, and in-
stitutions all interact-
ing for a common
purpose. In this case,
the common purpose
is safety.

Regulations, he
explained, deal with
higher-level, more

conceptual requirements, while standards
address the lower level, the nuts and bolts of
any activity. Traditionally, both have been
prescriptive, Kadambi said, with require-
ments and instruction very specifically laid
out. But recently, there has been a recogni-
tion of a need for change. In particular, said
Kadambi, prescriptive requirements lack
flexibility. They also have technological
implications in that sometimes conditions
are included in regulations that tend to
freeze technology, particularly if there is
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perception that there is only one way to
comply with the regulation. This may in-
hibit technological creativity.

Things have been changing, he said. In
1993, Congress passed the Government
Performance and Results Act. This legisla-
tion emphasizes outcomes rather than out-
puts; it makes agencies think whether they
are doing the right kind of work, rather than
just focusing on how well they are working.
The legislation also requires agencies to de-
velop strategic and performance plans so
the public would know what ultimate re-
sults they are seeking to bring about. An-
other piece of legislation (Public Law 104-
113) requires government agencies to think
about consensus standards in lieu of regula-
tory requirements.

Kadambi noted that the NRC issued the
first strategic plan (2000–2005) in 1999 and
the second is now in preparation (2004–
2009). It also issued a management direc-
tive explaining how staff can participate in
standards activities. These direct the staff
to consider performance-based approaches
as appropriate. In addition, NRC staff is-
sued NUREG-BR-0303, “Guidance for
Performance-Based Regulation,” in De-
cember 2002.

Kadambi asked the question: Why per-
formance-based standards? Basically, he
said that he believes that a new approach
is needed, particularly if the nuclear in-
dustry does experience renewed growth.
It is crucial, he declared, for working
groups to have the flexibility to consider
the best way to develop standards. They
can consider using performance-based or
prescriptive approaches as appropriate.
This, he said, promises a more efficient
development of standards once a learning
curve is passed: It offers more effective
application (particularly for new technol-
ogy), more economical maintenance, and
more equitable sharing of the burdens be-
tween standards developers and users.
Performance-based standards should also
last much longer. He commended ANS
for this initiative.

Unlike prescriptive requirements, he
added, the performance-based approach
also ensures that the focus is on those things
that are more important to safety, ensuring
that resources are applied where they are
most effective.

Over the last six or seven years Neil
Brown, of Lawrence Livermore National
Laboratory, has been involved at the work-
ing group level on a set of standards related
to seismic design of nuclear facilities. It was
only toward the end of the process, he said,
that the performance-based concept was
taken on board.

These new standards, not yet completed,
will replace an original set developed by
the Department of Energy for its nuclear
facilities, Brown said. During a revision,
the parties involved agreed to convert these

to approved national standards. The DOE
standards concerned natural phenomena
hazards (NPH)—that is, seismic, wind, and
floods. They start by categorizing certain
structures, systems, and components
(SSC), and then develop prescriptive rules
about how a design should address these
three natural phenomena. The original
standards had risk goals set in terms of
probabilities of safety consequences,
doses, and failures.

The safety community, Brown said, even
in the seismic area, is not eager to go to a
fully risk-informed standard in the sense
that the ability to estimate probabilities of
failures of SSC and to relate those to a dose
consequence, and so forth, is still limited.
The DOE standards are risk-goal based—
that is, they have clearly stated risk goals—
and the SSC categorization is based on a
specific set of risk goals. He said, however,
that the participants could not agree on the
desired risk goals for the new standard.
Brown explained that agreement was even-
tually reached on using a magnitude of “un-
mitigated” consequence of a failure as op-
posed to failure probability to define the
categories. And so, the categorization of an
SSC was determined by the unmitigated
consequence of its failure, not on the basis
of risks.

The final presentation was by Paul Fish-
beck, professor of Social and Decision Sci-
ences, and Engineering and Public Policy,
at Carnegie Mellon University, and direc-
tor of the univer-
sity’s Center for the
Study and Improve-
ment of Regulation.
He provided his ex-
perience from other
fields where risk-in-
formed and perfor-
mance-related rules
and standards are
applied. Perfor-
mance-based standards work well, he said,
when you can actually measure perfor-
mance. For example, consider how much
pollution comes out of a smoke stack. In
fact, he said, that can be measured, and cri-
teria set. Penalties, such as withholding
payments, can be applied if the criteria are
not met.

Other areas being discussed, however, in-
volve long-term, rare events, where perfor-
mance is difficult to measure, Fishbeck
said. If you are talking about fire safety, for
example, how do you measure that a build-
ing is fire safe? What criteria do you use to
base the performance of, for example, a
sprinkler system? Is it the amount of water
coming out in a certain time period?

A prescriptive standard, he noted, says:
Use this, put it here, make it this big. These
things can be checked very easily, he ob-
served, but performance-based standards
are much more complex.

He then raised the question of uncer-
tainty. A prescriptive standard almost ig-
nores uncertainty. Using a performance-
based standard is to admit that there is
uncertainty out there.

Fishbeck presented some examples to
show how complex the area of standards
can be. As other speakers had done before
him, he recognized that the work leads to
useful discussions among all interests and
develops a lot of understanding along the
way. There are methodologies that allow
you to address these concerns, “but [they
are] not for free.”

Water desalination
Over the next two decades, there will be

a 40 percent increase in water use around
the world, according to the International
Atomic Energy Agency (IAEA), and 33
percent of the world’s population—about 2
billion people—will be in absolute water
scarcity by the year 2025.

Currently, 1.2 billion people lack access
to potable water, and 2 million per year will
die due to water-related diseases. The fact
is that there isn’t enough fresh water on the
planet. The session, “The Use of Nuclear
Energy for Desalination,” explained nu-
clear’s role as an economical power source
for methods of water desalination—two of
which are distillation and reverse osmosis
(RO)—that have high-energy consumption
requirements and high hot-water production
costs.

The IAEA defines nuclear desalination
as the production of potable water from sea-
water in a facility in which a nuclear reac-
tor is used as the source of energy for the
desalination process. The facility may be
used solely for the production of potable
water, or dually for the generation of elec-
tricity and the production of potable water,
in which case only a portion of the reactor’s
energy output would be used for water pro-
duction. In either case, a nuclear desalina-
tion plant is defined as an integrated facil-
ity in which both the reactor and the
desalination system are located on a com-
mon site and energy is produced on site for
use in the desalination system.

Small and medium reactors are important
for desalination because the countries most
in need of fresh water often have limited in-
dustrial infrastructures and electricity grids,
explained Akira Omoto, director of the
IAEA’s Nuclear Power Division. Smaller
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reactors, he said, also are “more appropriate
for remote areas” unsuitable for connec-
tions to the grid.

Omoto noted that nuclear power plants
around the world have long been used for
water desalination. For example, Kazak-

hstan’s BN-350, a
liquid metal–cooled
fast-breeder reactor
that operated until
1999, was used to
produce electricity
and heat for desalina-
tion (approximately
80 000 m3 of water
per day) for 27 years.
And, currently, Pak-
istan’s Kanupp has a

small RO facility in operation and is build-
ing another desalination demonstration plant
on site to be commissioned in 2005. Mean-
while, India’s Kalpakkam has an experi-
mental facility in operation and another un-
der commissioning that is expected to
process 6300 m3/day.

Expanding nuclear’s role in the world’s
desalination process will include four chal-
lenges, he noted. First is economics, of
course, where the target for desalinating
water is $0.40 to $0.60/m3. Next is public
understanding. Then comes the issue of dis-
parity, meaning that nations having water
scarcity may not be holders of nuclear tech-
nology. Finally, in what is not directly a nu-
clear issue, infrastructure for distributing
desalinated water is necessary.

Roger Humphries, president of Canadian
desalinating company Candesal, said that a
message not heard enough is that water
shortages are quite often localized. In In-
donesia, for example, rain falls almost
every day during the rainy season. “But the
issue is a point of mal-distribution,” he said.

“The water is not where the people are. It’s
not accessible because it cannot be col-
lected and captured.” He added that Indone-
sia’s city of Jakarta and its surrounding rain
forests have some of the lowest availabili-
ties of safe, fresh water per person of any
place in the world.

As the world has a shortage of fresh wa-
ter, a growing problem is that salinity lev-
els of fresh-water aquifers are increasing.
“As we draw fresh water out of sources that
are nonrenewable, they get replaced by salt

water,” he said. “So, we’re finding what
used to be fresh water [in] a lot of aquifers
[now has] a salinity level reaching 1000,
2000, 2300 ppm, basically making it unsafe
to drink.”

Desalination solves problems in that, po-
litically, it keeps nations from “stealing”
water from one another, and, environmen-
tally, because it’s a “friendly” way for cre-
ating new sources of potable water, as no
fossil fuels are burned in the process,
Humphries said.

Si-Hwan Kim, director of the SMART
R&D Center of the Korea Atomic Energy
Research Institute, explained South Korea’s
plan for a SMART desalination plant.
SMART stands for System-integrated
Modular Advanced
ReacTor. The plant,
which is under con-
struction and is ex-
pected to be in oper-
ation in 2008, will
produce both elec-
tricity (90 MWe)
and potable water
(40 000 tons/day).

Ron Faibish, proj-
ect manager for nu-
clear desalination at
Argonne National
Laboratory, said that
potable water issues exist here at home in
the United States. “Drought conditions now
in the Southwest have increased dramati-
cally,” he said. News reports have claimed
that the drought in the West is the worst in
400 years. “We have big challenges in the
U.S.,” he added, “and they’re not just fo-
cused in the West. We have issues in the
East as well, and on the Texas coast.”

Population growth along coastal South-
ern California, Texas, and Florida has been

on the order of 20
percent in the past
decade, and for the
country as a whole,
60.6 billion addi-
tional m3 of potable
water per year will
be needed by 2020
for municipal and
light industrial uses.

The U.S. Bureau
of Reclamation, to-
gether with Sandia

National Laboratories, has developed a
roadmap for desalination in the United
States, he said. Published in 2003, the
roadmap declares that by 2020, desalination
and water purification technologies will
contribute to ensuring a “safe, sustainable,
affordable and adequate” water supply to
the United States. “These words are impor-
tant,” he said. “The terms affordable and
adequate—those are the ones I think have
to be first in term of securing the future of
the technology.”

The roadmap’s 2008 objective, he said,
is for desalination technologies to realize a
20 percent improvement in capital costs,
operating costs, and energy efficiency. By
2020, improvement in those areas needs to
reach 80 percent.

Those goals are ambitious because today
the cost of treating water in the United
States using a conventional (chemical)
treatment is about $0.10/m3. In Southern
California, reclaimed water from industry
costs about $0.60/m3. Brackish water de-
salination is between $0.26 and $0.79/m3.
For seawater desalination (the biggest op-
eration, in Tampa Bay, Fla., currently is
suffering problems, Faibish said), the fore-
cast is $0.55 cents/m3.

An “interesting factoid,” he said, is that
desalination in the United States could cost
$0.79/m3 ($3 per thousand gallons). “That
seems expensive, but the U.S. consumer is
paying an average of $2099 per cubic me-
ter for bottled water. When you put this into
perspective, [desalination] seems rather
cheap,” he said.

The latest on sump clogging
At the panel session “Hot topics and

emergent issues: Containment sump clog-
ging,” session chair and organizer Steve
Stamm, of The Shaw Group, opened with
an explanation of why sump clogging was
billed as a “hot topic.” Sump clogging, he
said, is something that boiling water reac-
tors had experienced that has now become
an important issue for pressurized water re-
actors. This session, he said, would cover
the problem’s background, describe the
methodology that is being used to resolve it,
and present some of the plant activities and
potential modifications being introduced.

Mike Marshall, lead project manager on
the issue at the Nuclear Regulatory Com-
mission, began with an overview of the
topic and the status of work on PWR sump
performance. According to Marshall, the
NRC’s primary concern is that the sump
screen is doing its job too well. The purpose
of the screen is to keep debris from damag-
ing pumps or blocking spray nozzles and
other components downstream. Retaining
debris smaller than the system is designed
to, he explained, results in excessive head
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loss that can affect operation of the pumps.
This is the same concern that the NRC had
with boiling water reactors.

There are also some secondary concerns,
such as the downstream effects of debris
getting past the screen, that might have an
impact on pump operations or accumulate
enough to affect cooling of fuel. These are
not the primary concerns, but the NRC
wants them taken into account when solu-
tions are considered or when evaluating the
adequacy of existing designs. But most of
the effort has been focused on head loss at
the screen and whether it affects operations.

Because of the variation in the materials
at individual plants, as well as the differ-
ences in the containment and layout of
screens, the NRC agrees with industry that
this is not a problem where one solution fits
all. Each plant will have to assess the situ-
ation and decide on appropriate action. One
thing that is becoming clear is that the ex-
isting license base for a number of plants
is probably insufficient and will need
changing.

Marshall explained that unlike BWRs, it
appears unlikely that every PWR is going
to have to implement a fix. But each oper-
ator will have to evaluate the situation and
decide if there is a problem that needs re-
solving, either procedurally or by a hard-
ware modification or some other means.
The evaluations will include: identifying
the different debris sources, particularly
those that would likely cause some clog-
ging; estimating the amount of debris gen-
erated; estimating the amount of debris
transported to the sump screen; and estimat-
ing what the head loss impact would be.

This issue first came up in the early
1980s, when the Advisory Committee on
Reactor Safeguards became interested to
see if air injection would have an impact on
the operation of the emergency core cool-
ing system (ECCS) pumps. The question of
debris came up later. Research undertaken
between 1980 and 1985 did not identify a
particular problem. While the NRC could
see some benefits in preventing entrain-
ment, they were insufficient for action to be
taken. In 1985, however, it recommended
that new plants and plants undergoing ma-
terial changes—such as of insulation—con-
sider the issue and provided some regula-
tory guidance.

In 1992, an event occurred at the Barse-
bäck BWR in Sweden, where the NRC’s
1985 guidance had been adopted. Based on
this, the plant had assumed that the ECCS
system would operate for a day or two be-
fore the strainers (screens) became
clogged. The incident occurred when water
was released into the drywell, taking a lot
of insulation with it. The clogging occurred
not within a day, but within an hour or two
of the activation of the emergency systems.
This was communicated to other regula-
tors, and investigations ensued that identi-

fied weaknesses with the guidance and the
underpinning research. This started a new
run of research around the world on sump
issues.

The focus at first was on BWRs because
there were three similar events in U.S.
plants, although not on the scale of Barse-
bäck. It eventually became clear that al-
though clogging would occur sooner in
BWRs than in PWRs, the weaknesses were
common to both reactor types. New work
undertaken identified weaknesses in the
previous correlations. In particular, the
fiberglass insulation debris was more like
“cotton candy” shreds than the “slices of
cake” that were used in the old research.
The shreds produce much greater head loss.
Furthermore, the fiberglass acted as a filter,
capturing small items that had been ex-
pected to pass through the screen, adding to
the head loss.

All the BWR stations introduced a com-
bination of fixes. These included minimiz-
ing debris sources, cleaning the suppression
pools, and increasing the surface area of the
sump strainers.

Soon after completing the work on the
BWRs, work on the PWRs started. From a
parametric study, the NRC staff concluded
that there was enough of a concern to war-
rant individual plant evaluations. NRC has
been working with the Nuclear Energy In-
stitute (NEI) since
about 2000 on de-
veloping a suitable
methodology.

The next speaker
was John Butler, se-
nior project manager
at NEI, which has
completed guidance
for carrying out a
sump performance
evaluation that is
now being reviewed
by the NRC. The guidance will help oper-
ators evaluate the situation at their plants
regarding debris generation, transport, and
accumulation on the screens and whether
there is adequate net positive suction head
(NPSH) margin available for ECCS recir-
culation. This effort, said Butler, is primar-
ily funded by the Westinghouse Owners
Group and coordinated by the NEI PWR
Sump Performance Task Force.

A draft sump performance evaluation
guidance document was given to NRC staff
in October 2003, and the final version was
submitted on May 28, just a couple of
weeks before the ANS Annual Meeting.
The review process should be completed
by this fall, with final approval expected in
October.

The end result of the evaluation guidance
is to determine the adequacy of the NPSH
margin, Butler said. The calculation is com-
plicated by the large number of phenomena
and uncertainties that need to be addressed.

These include:
■ Size and location of a postulated break.
Location is probably more important than
size regarding the potential debris gener-
ated.
■ Debris generation (quantity, types, size,
distribution). The orientation of the break
affects what debris is going to be generated.
Besides calculating the amount, it is neces-
sary to determine the size distribution of the
debris, which affects its transportability.
■ Debris transport and holdup. The “trans-
port media” is a combination of debris, the
containment spray, and washdown, all of
which determine the amount that collects at
the sump.
■ Debris deposition on screen and result-
ing head loss. The resulting head loss is
highly dependent on the types of debris de-
posited.

The guidance addresses the uncertain-
ties and complexities in a traditional con-
servative fashion. “It is a balancing act,”
Butler said. “I think I can say we have a
conservative methodology that is not too
conservative.”

He then described the basic evaluation
methodology, which starts with a baseline
analysis, a conservative first step in the
evaluation. Some plants can go through the
baseline and find that they have adequate
NPSH margin and can stop at that point. A

number of others will find that they do not
have adequate NPSH margin, and will have
to continue the evaluation process by refin-
ing the analysis in one or two ways: refine
their analytical methods to take out some of
the conservatism, or modify their design,
which may involve removing potential de-
bris sources, changeout of insulation (which
contributes most debris), or modifying their
screen design. The process continues until
an adequate NPSH is achieved.

NEI is now working with the NRC to try
to introduce a risk-informed option in the
methodology, acknowledging that the large
double-ended break, which would generate
the most debris, sump blockage, and head
loss, is a very low-frequency event. A risk-
informed option would allow more mean-
ingful breaks and conditions to be applied to
assess sump performance. The details of
such an option are now being discussed
with NRC staff.
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Sump performance evaluation methodology
More details on using the evaluation

methodology were given by Tim Andrey-
chek, of Westinghouse Electric Company.
Andreycheck has been working on the is-
sue for the last seven years, and is the lead
author of the NEI PWR post-accident sump
performance document. The purpose of the
methodology, he explained, is to provide a
consistent approach for utilities to perform
a conservative evaluation of their contain-
ment sump performance post-accident. An-
alytical refinements are also identified to
provide options for removing some of the
conservatisms.

The “baseline,” said Andreychek, starts
with plant specific information—basically a
scoping study or a first shot to see if there is
something to worry about. If the results are
acceptable, the issue can be closed out. If
not, the methodology provides a guide as to
how to proceed. This involves further
analysis and reanalysis, with possible de-
sign modifications. The process continues
until NPSH requirements are satisfied.

Andreychek provided an example of a
“baseline analysis” that took a very conser-
vative line. Regarding break size, the base-
line assumes a double-ended guillotine
break. For the break location, he deter-
mined the maximum debris generation and
the worst combination of debris to create
the biggest head loss. To determine debris
generation, a zone of influence (ZOI)—a

region around the break where the destruc-
tion of insulation and other materials oc-
curs—was defined. His baseline calcula-
tion assumed an unrestrained jet stream
from the break, which destroys the insula-
tion, forming debris.

Latent or resident debris (the dust and dirt
that collects) is not considered a major con-
tributor, Andreychek said, but has to be ac-
counted for. The baseline methodology pro-
vides an easy-to-use estimate of the
contribution. He mentioned, however, that
some plants power wash parts of their con-
tainment, which, although done primarily
for radiological purposes, also reduces the
amount of latent debris.

The head loss correlation being used,
based on a NUREG document, is a semi-
empirical correlation and provides for a con-

servative pressure-drop calculation. The ef-
fects of debris composition and material
properties are accounted for in the calcula-
tion. Andreychek described the “thin bed”
effect, in which a fibrous debris covers the
screens and captures particulates behind it.
This, he noted, was a particularly bad situa-
tion for BWRs, causing big pressure drops.

Andreychek also went into various ana-
lytical refinements to the baseline evalua-
tion. By replacing the conservatism with
more realistic condi-
tions, the amount of
debris generated can
be reduced, its trans-
portability lessened,
and the accumula-
tion and blockage of
the sump screens can
be decreased, lead-
ing to a better NPSH
margin.

Kenneth Ainger,
licensing manager at
Exelon Nuclear, is responsible for licensing
activities at the Byron, Braidwood, and
Three Mile Island-1 nuclear stations. He pro-
vided an operator’s perspective on this issue,
describing the evaluations that he will be per-
forming, some interim measures, and poten-
tial enhancements being considered to fully
resolve the issue, if necessary.

Ainger’s description of the different
sump/screen configurations at three plants

provided insight into
the real problems
that operators have
with this issue. For
example, both By-
ron and Braidwood
have two sumps that
are enveloped by an
outer screen. Over-
all, there are three
screens that protect
the suction lines to
the ECCS and con-
tainment spray sys-
tem. The outer

screen encloses the middle and inner
screens for both sumps. The outer screen
extends about 4 feet above the floor of the
containment, and the inner screen is in-
stalled below the containment floor inside
each sump.

As for potential debris sources, the main
containment insulation at Byron and Braid-
wood is reflective metal insulation. When
the steam generators at Byron-1 and Braid-
wood-1 were replaced, their insulation and
that of the associated piping were replaced
with fiberglass blankets, covered with stain-
less steel sheathing. The TMI-1 contain-
ment has about 600 ft3 of fibrous insulation.
Ainger also pointed out the problem of un-
qualified equipment coatings—for exam-
ple, the coatings on valve handles and reac-
tor coolant pump housings—as possible

debris. The baseline evaluations will look
at the reflective metal insulation, fibrous in-
sulation, coatings, tags, labels, and foreign
material. All of these potential debris
sources will be examined in light of the four
transport mechanisms: blowdown trans-
port; washdown transport; pool fill trans-
port; and recirculation transport.

For the sump screens, the initial evalua-
tion for Byron and Braidwood indicates no
concerns regarding structural integrity or ex-

cessive blockage. Byron-1 and Braidwood-
1, however, may not pass the evaluation in
light of the fiberglass insulation used on the
replacement steam generators. This might re-
quire an additional engineering analysis.
With the performance of ZOI evaluations at
the plants, Ainger noted, a risk-informed ap-
proach would probably provide benefits if it
is used to assess the consequences of the oc-
currence of a break at the steam generator
nozzles of the two reactors described above.

For TMI-1, the adequacy of the sump de-
sign may not pass the new evaluation, and
so some design change to the sump or to the
areas along the path to the sump may have
to be considered. Enhancements could in-
clude modifications to the floor to help di-
rect debris or prevent some pooling of wa-
ter. These have not yet been scoped, but
could be significant.

Ainger said that several interim measures
have been implemented to ensure the work-
ing of the ECCS while pursuing the long-
term resolution of the issue. The loss of re-
circulation capability has been addressed at
Byron and Braidwood in the emergency
procedures. Additional training for opera-
tors has been provided, including simulator
training. The company has strengthened the
foreign material exclusion and walkdown
procedures for the containment, and has en-
hanced the refueling outage surveillance
procedure for visual examination of the
sump screens. For TMI-1, the B&W Own-
ers Group guidelines for sump blockage
were implemented and training in ECCS
pump throttling criteria was provided to
avoid damage in the early stages of poten-
tial sump blockage. New procedures for
cleaning and inspecting drains inside the
containment have been implemented. The
existing refueling outage inspection proce-
dures for the sump screen were determined
to be adequate.
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Ainger said that they are also looking at
removing the fibrous insulation associated
with the replacement steam generators.

Regarding costs, Ainger estimated that at
Byron and Braidwood, Exelon will spend
about $3 million over four years to pay for
all the evaluations, including additional en-
gineering analyses, licensing submittals and
responses to the NRC Generic Letter (NN,
May 2004, p. 15), and some insulation
modifications. For TMI-1, the estimate is
high, at about $4.5 million over four years,
as some extensive modifications inside the
containment seem likely.

Safety culture
During the Tuesday afternoon “Safety

Culture” session, Joe Carson, a licensed
professional engineer and a nuclear safety
engineer for the Department of Energy, ob-
served that ANS’s bylaws, which he said
have remained constant since the beginning
of the Society 50 years ago, should be re-
vised. The bylaws, he noted, “[don’t] reflect
that ANS holds a public trust when devel-
oping standards of care for its members.” 

Carson, a former member of the ANS
Special Committee
on Ethics, stressed
that he wanted to see
ANS as “an organi-
zation that is flexible,
responsive to mem-
bers, and capable of
dealing with change.”

Change is neces-
sary, he said, because
ANS has evolved
since its creation a

half-century ago. “Fifty years ago,” he said,
“I don’t think ANS held a public trust, but
I think it does now today.”

Examples of that public trust include
ANS’s role in accrediting engineering
schools for nuclear engineering, and its
work in developing codes and standards
that are adopted internationally. ANS, then,
has “an important role with nuclear science
and technology in public policy,” he said.

Carson, who described himself as an
“eight-time prevailing” DOE whistle-
blower (as detailed on his Web site, <www.
carsonversusdoe.com>), noted that the
words “ethics” and “peaceful” and the
phrase “promote the professional interests
of its members” are absent from ANS’s by-
laws. And although the word “safety” is in-
cluded in ANS’s goals, the bylaws do not
include “any form of the word ‘safe,’” he
said.

Carson suggested that ANS modify its
bylaws, mission statement, and goals to
more clearly capture its identity as a profes-
sional society. He also called for all nuclear
engineers to be licensed by states, some-
thing that is a “distinguishing characteris-
tic” of members of such professions as
medicine, accounting, and architecture.

“Engineers, by and large, are not licensed,”
he said. “Well, why not?”

ANS’s new code
Vic Uotinen, chairman of the ANS Spe-

cial Committee on
Ethics for 2003–
2004, remarked that
ANS does have a
new Code of Ethics,
replacing an earlier
code dating back to
1973, which was al-
tered somewhat in
1984. The new code,
which was adopted
by the ANS Board
of Directors in 2003,
is more specific and comprehensive than
the earlier version, and it “reflects the ex-
pectation of a more conscious commitment
to professional ethics by ANS members,”
he said.

The new code also is at the same level as
the ethics codes of several other engineer-

ing societies, such as
the American Soci-
ety of Mechanical
Engineers, American
Institute of Chemical
Engineers, Society of
Civil Engineers, and
IEEE. “I think it’s
important for us to
realize that all of
these engineering so-
cieties, by upgrading

their codes of ethics, were in essence send-
ing a signal to their constituencies that we,
as professional societies, consider profes-
sional ethics to be important, and that we
consider upholding this higher code of
ethics, this higher standard, to be a true
mark of professionalism,” he said.

Uotinen gave examples of how the new
code is an upgrade over the older version.
The old code, for instance, said, “An ANS
member shall hold paramount the safety,
health, and welfare of the public in the per-
formance of their professional duties,”
while the new code says much more: “We
hold paramount the safety, health, and wel-
fare of the public and fellow workers to
protect the environment and to strive to
comply with the principles of sustainable
development in the performance of our
professional duties.” It also adds a new
paragraph: “We will formally advise our
employers, clients, or any appropriate au-
thority and, if warranted, consider further
disclosure, if and when we perceive that
pursuit of our professional duties might
have adverse consequences for the present
or future public and fellow worker health
and safety or his environment.”

Another example is in the area of acting
in accordance with applicable laws and
practices. Whereas the old code didn’t men-

tion this area at all, the new code says, “We
act in accordance with all applicable laws
and these practices, lend support to others
who strive to do likewise, and report viola-
tions to appropriate authorities.”

Ethics and competency
Ethics and competency are interrelated,

remarked Dwight Baker, who was making
a presentation for the absent William Cor-
coran, of Nuclear Safety Review Concepts.
Baker said that if anybody at Davis-Besse
had operated according to the ANS Code of
Ethics, the vessel head degradation could
have been prevented from becoming so se-
vere. “You can certainly say that if you saw
[the signs of degradation, such as piles of
rust that collected on a flange] and ignored
it, if you were the manager who would have
signed off saying ‘We don’t need to work
on that,’ if you were the outage manager
who shut down [a vessel head cleanup job
prior to the degradation’s discovery],
maybe then there should be an ethics com-
plaint filed,” said Baker, of Cumberland
Consulting. “But I’d put a dollar to a donut
that those people are not ANS members.”

Baker said that in many cases where
workers “behave badly at the technical

level, those technical
people are neither
professional engi-
neers nor ANS mem-
bers, with no require-
ment that they be.”
Further, he said, in
“about 99 percent” of
the cases where a 
nuclear professional
should be punished
for ethical misbehav-

ior, the management personnel who would
make those decisions are not ANS members.

As long as there is no requirement that an
engineer be licensed, society will think
“we’re just computer programmers, and we
really don’t affect their health and safety,”
he said. Without that public pressure, there
will be no incentive for companies to hire
licensed engineers, or have existing staff at-
tain licensing. Without licensing, there will
be no living up to a code of ethics. “It’s re-
ally a public education job, to impose a li-
censure requirement just like for doctors
and lawyers,” he said.
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The new code [of ethics] . . .
“reflects the expectation of a
more conscious commitment
to professional ethics by ANS
members.”

Carson

Uotinen

Baker

Continued



A S T H E W O R L D’S nuclear energy
nations have come into greater
agreement on nuclear power’s

medium- to long-term future—the develop-
ment of “Generation IV” reactor designs,
the coupling of these designs to hydrogen
production, and the opportunity for actinide
burning to extend fuel resources, deter pro-
liferation, and reduce radwaste genera-
tion—many of the speakers at the 2004 In-
ternational Congress on Advances in
Nuclear Power Plants (ICAPP 2004) agreed
in their presentations to such an extent that
some of them apologized for repeating what
others had already said. ICAPP 2004—
which this year was embedded as a topical
meeting in the ANS Annual Meeting in
Pittsburgh (June 13–17)—included five ple-
nary sessions, and despite the organizers’
attempt to give each session its own unique
theme, some overlap was unavoidable.

Whether there will be enough trained
professionals in place if there is a sudden
demand for new nuclear power was much
on the minds of several speakers. Andy
White, of General Electric Nuclear Energy,
told a plenary session audience that 40 per-
cent of GE’s employees in nuclear fields
are within five years of retirement age. He
called for an industry-wide focus on devel-
opment of a larger talent pool of nuclear
expertise. The next speaker, Russ Bell of
the Nuclear Energy Institute, also included
the aging nuclear workforce as one of the
main challenges facing the industry now
(and not just in the future). The other chal-
lenges, in Bell’s view: keeping fuel eco-
nomical and reliably supplied; managing
materials at aging facilities; securing nu-
clear facilities (Bell said they were safe be-
fore 9/11, and are safer now, but this is a
very high-profile public issue); and provid-
ing spent fuel disposal. Bell acknowledged
the problem that had arisen with high-level
waste funding, in which the Bush adminis-
tration had expected to use money from the
Nuclear Waste Fund but Congress had not
authorized it (see page 113, this issue), but
said that the Department of Energy, “with
industry support, is pursuing legislation”
to assure adequate funding for the proposed
high-level waste repository at Yucca

Mountain, Nev., in the FY 2005 federal
budget.

Later in that session, Peter Lyons, of the
Senate Committee for Energy and Natural
Resources staff, spoke more pointedly about
the Yucca Mountain funding situation. He
said that the way the administration pre-
sented the bill, with only $131 million to be
appropriated in the FY 2005 budget and
$749 million presumed to be available from
the Nuclear Waste Fund, created “an im-
mense problem,” and led to only the $131
million being approved for Yucca Moun-
tain, nowhere near enough for the DOE to
remain on schedule to open the repository
in 2010. Lyons also said that the entire FY
2005 budget request was “an immense sur-
prise” to the committee, leading to concern
that nuclear research and development could
be undermined, and that the reformulation
of the Idaho National Laboratory might not
be given a “focus for success.”

At the second plenary, Steve Melancon,
of Entergy Corporation, echoed the concern
about Yucca Mountain, and the extent to
which the future of new power reactors in
the United States depends on resolution of
the high-level waste issue. “Yucca Moun-
tain needs to become a reality,” he said, “or
I don’t think any new nuclear plants will be
built.” Also during his address, Melancon
recounted the formation of NuStart Corpo-
ration (an industry consortium seeking De-

partment of Energy matching funds to ap-
ply for site approval, design certification,
and licensing of new power reactors), but
departed somewhat in his personal views
from the procedure announced thus far for
NuStart, in which approval would be sought
from the Nuclear Regulatory Commission
for two sites, as well as certification for two
reactor designs, but ultimately the construc-
tion/operating license (COL) would be
sought for a single reactor design at one site.
Melancon said NuStart should choose at
least one plant for the COL; he would like
to see enough money made available to pur-
sue both designs, and both sites.

With the meeting taking place in the
United States, and with so many recent de-
velopments in the U.S. nuclear realm, the
above topics and more like them drew a
great deal of attention during the meeting,
but ICAPP is indeed an international event,
and speakers from most of the world’s large
nuclear power programs reported on nu-
merous technical and programmatic devel-
opments. Their reports, like those from the
U.S., ranged from improvements on exist-
ing reactors to the many first steps being
taken toward the goal of Generation IV.

South Korea’s vision
Next year’s ICAPP will be held in Seoul,

South Korea, and there was a substantial
Korean presence at this ICAPP, both to pre-
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Advances in Nuclear Power Plants (ICAPP 2004)

◆ South Korea aims for large H output 
by 2020

◆ European utilities judge next-stage
reactors

◆ MIT study on nuclear role in carbon-
constrained world

Baker said short of requiring licensing,
which is “really a big piece of work, and I
don’t know if it’s doable,” one way that a
plant can attain higher overall quality is to
provide long-term financial incentives to
company executives. “Think about it,” he

said. “Having the plant run well in the long
term is in the stockholders’ interest. So, there
may actually be a strategy that is doable,
from the business organization side of it.”

A case in point is that some ANS mem-
bers are utility executives with access to

compensation committees. These execu-
tives, he said, may “have some good ideas
on how to structure stock options that are
only exercisable seven years from now.”
—E. Michael Blake, Dick Kovan, Rick
Michal, and Nancy Zacha



sent papers and to promote the event in
2005. A table outside the topical’s largest
meeting room was stacked with brochures
on travel to Korea. The viewgraphs of three
of the five Korean speakers at the plenary
sessions had bands at the bottom reading:
“See you in 2005, ICAPP Seoul!”

During the first plenary, Joong-Jae Lee, of
Korea Hydro and Nuclear Power, traced the
development of nuclear power in South Ko-
rea, which is now sixth in the world in both
installed nuclear capacity and annual nuclear
power generation. He said that in some coun-

tries where nuclear power has been accepted
for some time, “challenges and new issues
are growing” (which could describe the
emergence of public opposition to nuclear in
both South Korea and Taiwan), and there is
a need for breakthroughs in technology and
cooperation within the nuclear community.
With 14 of South Korea’s 18 power reactors
achieving 2003 capacity factors above 90
percent, and the other four over 80 percent,
Lee asserted that outstanding performance is
the best way to respond to nuclear contro-
versy. As for technology breakthroughs, Lee
described the APR 1400 pressurized water
reactor being developed in Korea to supple-
ment and eventually replace the current gen-
eration of reactors; work has begun on the
first APR 1400, Shin-Kori-3, scheduled to
begin operation in 2011.

At the second plenary, Dong-Su Kim, of
Korea Power Engineering Company, de-
scribed the evolution of the APR 1400, the
latest step in the development of the nuclear
industry in South Korea—which has pro-
gressed over the past three decades from
turnkey projects through technology trans-
fer to indigenous advances. He said that the
current social environment (alluded to by
Lee) “requires unlimited safety” and “fault-
less and eventless operations.” He added
that in South Korea, as in the United States,
there is concern about the future supply of
trained personnel, as students are tending
not to pursue engineering. The belief that
public acceptance can exist only with per-
fect operation drew a comment from the au-
dience by Ted Rockwell, former technical
director of the U.S. Naval Reactors Pro-
gram. He said that one cannot convince the
public that there will never be an accident,
because one cannot reasonably make such a
claim. He advised that one should take the

position that the effects of any accident
would be mitigated, and rebut the argument
that exposure to any amount of radiation is
dangerous.

Chung-Won Cho, of South Korea’s Min-
istry of Science and Technology, extended
his country’s nuclear program into the fu-
ture during the third plenary, citing its pro-
posal for the System-integrated Modular
Advanced Reactor (SMART), for both elec-
tricity production and seawater desalination,
and participation thus far in Generation IV
projects. SMART is intended as a PWR

with the steam gen-
erator included in the
reactor vessel, offer-
ing enhanced safety,
economics, and en-
vironmental advan-
tages. For Genera-
tion IV and beyond,
Cho’s projections
were extremely am-
bitious, anticipating
a “waste-free and
pollution-free” nu-

clear fuel cycle with consumption of all ac-
tinides, and a timetable whereby South Ko-
rea would switch from fossil fuel to
hydrogen so quickly that nuclear energy
would produce 20 percent of the needed
hydrogen by 2020. Questioned about this
goal by an audience member, Cho said that
a 16-year program is now starting, aiming
at development of small-scale modular
gas-cooled reactors, but that wider appli-
cation was still under discussion, and the
20 percent goal should not be taken as a
firm commitment.

Jong-Hwa Chang, of the Korea Atomic
Energy Research Institute (KAERI), elab-
orated further on the 20 percent hydrogen
goal in his address at the fifth plenary. One-
fifth of the expected vehicle fuel demand
in South Korea in 2020 would require 8.5
billion barrels of oil per year, which could
be replaced by 3.3 million tons of hydro-
gen. KAERI’s anticipated demo nuclear
plant (a very high temperature gas-cooled
reactor, or VHTR) would produce about
30 000 tons of hydrogen per year, so at
least 100 plants of this capability would be
needed to meet the hydrogen goal. At the
same time, Chang said that security con-
cerns in South Korea—which still has a
hostile neighbor to the north—argue
against distributed nuclear-hydrogen facil-
ities, because of the potential for sabotage.
Therefore, the reactors—more than 100—
would be concentrated at a small number
of sites that could be guarded well.

New scheme in Europe
The lull in power reactor ordering in Eu-

rope has not been as long as that in the
United States, and with a new order placed
in Finland and another on the way in
France, it can be said that the lull is in fact

over. Still, plenty has changed in the decade
or so that elapsed, with moves toward the
opening of electricity markets and attempts
to normalize regulation. The old paradigm
of a state-owned electric utility ordering the
only design available from a state-owned
manufacturer is eroding, and one indication
of this is the development of European Util-
ity Requirements (EUR) documents, which
essentially tell manufacturers what the util-
ities want, need, and expect from power
plant hardware and services.

Gianfranco Saiu, of the Italian firm
Ansaldo, described the EUR process while
presenting a technical paper on the EUR
assessment of the Westinghouse AP1000
reactor design. The EUR effort began in
1991, with five utilities; six others joined
later. Along with expressing what the util-
ities wanted, the documents provide bases
for harmonization of safety approaches and
targets, design standardization and objec-
tives, equipment specifications and stan-
dards, and information for safety, reliabil-
ity, and cost assessment. In 1997, the effort
enlarged so that each document included a
Volume 3, which compared a specific re-
actor design against the requirements.
(Volume 1 includes nuclear island require-
ments, and Volume 2 covers balance-of-
plant.)

Development of a Volume 3 for the
AP1000 was based on previous work on ad-
vanced Westinghouse designs. Saui noted,
however, that while the utilities’ team was at
work on this volume (the process can take
years), Westinghouse moved on from the
design. Saiu said that although the AP1000
was driven by U.S. market considerations,
it had incorporated lessons from EUR work
on earlier designs, including a low-boron
core. As things stand now, the AP1000 is
slightly out of compliance with EUR, both
in technical areas (the cooldown time is
longer than what the EUR prefers) and in se-
mantics (whether it is preferable to state that
radiation exposures shall be as low as rea-
sonably achievable, or are as low as reason-
ably achievable). There will be more meet-
ings intended to resolve the differences.

Pierre Berbey, of Electricité de France,
spoke at greater length on the EUR’s place
in the evolving power generation environ-
ment in Europe. Even with efforts like
EUR intended to normalize agreement on
basic principles of safety and operation,
the differing regulatory schemes of indi-
vidual countries can work against stan-
dardization and increase costs. Berbey said
that there should be common “rules of the
game.” He noted that the Western Euro-
pean Nuclear Regulator’s Association is
working to define reference safety ap-
proaches that could become common to all
nuclear power nations in Europe. Berbey
also noted a number of non-nuclear chal-
lenges now faced by electricity organiza-
tions in Europe, such as the synchroniza-
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South Korea . . . has progressed
over the past three decades
from turnkey projects through
technology transfer to
indigenous advances.



tion of the western European transmission
grid with bordering nations like Poland
and Romania. In the end, Berbey said that
the EUR effort will try to deliver docu-
ments supporting four to six standard re-
actor designs; along with AP1000, EUR is
also doing Volume 3 work on the AES92,
an advanced version of the Russian VVER
water-cooled reactor.

A carbon-constrained world?
During the fifth and final plenary, Ernest

Moniz, of Massachusetts Institute of Tech-
nology (MIT)—who described himself as
neither pro- nor anti-nuclear—presented re-
sults from a 2003 MIT study on what might
happen if there is a significant worldwide
adoption of new nuclear power. (The study,
headed by Moniz and John Deutch, is posted
online at <web.mit.edu/nuclearpower/>.)
The study looked at the presence of a ter-
awatt of nuclear capacity in place by 2050
(for comparison, the current worldwide nu-

clear capacity is less
than half a terawatt).
Moniz said this does
not seem possible
without the emer-
gence of a “game
changer” that would
make nuclear the pre-
ferred choice for de-
cision makers and the
public. He said that
global warming ap-

pears to be the strongest candidate to be the
game changer. He said that if the only way
to prevent a self-reinforcing rise in the
greenhouse effect is to make this a “carbon-
constrained world” by reducing carbon
dioxide emissions, nuclear power and all
other nonemissive options would be needed,
and may not be enough.

Moniz said that a new, nonamortized nu-
clear plant with no federally backed financ-
ing cannot currently compete with coal- and
gas-fired generation (with CO2 not taken

into account). Not only must plant capital
cost be reduced, but a series of plants would
have to be built on budget and schedule to
show that financial risk is not excessive.
The MIT study concluded that there would
have to be tax incentives for the “first
movers,” who ordered roughly the first 10
reactors.

If the world is carbon-constrained, Mo-
niz said, the obligation to reduce emissions
would fall hard on the power industry.
Manufacturers that emit CO2 can be moved
offshore—in an observation specific to
Pittsburgh, he noted that Alcoa is moving
all aluminum production to Trinidad—but
power plants must remain connected to the
home nation’s grid. Moniz added later that
there will likely emerge a formal “cap-and-
trade” system of incentives for carbon
emission, started by the power industry in
return for a rational, stable system of fed-
eral oversight.

Moniz said that even if the openly estab-
lished “fuel cycle states” have 80 percent
of the expected nuclear generating capac-
ity, that would leave 200 gigawatts in other
nations, raising nonproliferation concerns.
Incentives to prevent rogue states from de-
veloping independent nuclear capability
would have to include not only assured fuel
supplies, but also spent fuel removal,
which means resolution of high-level waste
problems worldwide. Moniz said that it
would be necessary for spent fuel to be
stored for 50 to 75 years, despite what he
termed the industry’s “religion” of fuel cy-
cle closure. He noted that the expected car-
bon emission mitigation cost for fossil gen-
eration would be at least $50 per ton of
carbon, or $8 per megawatt-hour, which is
far more than all expected fuel and waste
costs for nuclear—so carbon constraint can
become an incentive for nuclear, in full
compliance with the Non-Proliferation
Treaty.

Although the MIT study looked at a large
addition of nuclear power extending to mid-
century, Moniz was dubious of a major
prospect used recently to argue in favor of
advanced nuclear power: hydrogen produc-
tion. He said that significant use of hydro-
gen as a fossil-fuel substitute “may be
decades away at a minimum . . . we’re all
getting carried away” on hydrogen’s likeli-
hood of displacing oil use. He advised the

audience not to lose
sight of the scale of
what would have to
be done (as had been
shown in the Korean
presentations re-
ported above). He
called hydrogen “in-
trinsically inferior”
to petroleum, and
said that nuclear
power should con-
tinue to be presented

as an electricity option, with no attempt to
oversell hydrogen.

Other presentations
There were occasional moments at ICAPP

2004 when it seemed that two U.S. reactor
designs—Westinghouse’s AP1000, and
General Electric’s ESBWR—were being

compared to one another. These are the de-
signs chosen by NuStart for certification, and
(despite Steve Melancon’s position) appar-
ent competition. Thus, fairly or otherwise,
the designs are now seen as linked, and in a
race that would end with one being the pre-
ferred choice and the other at least having to
wait. Atam Rao, of GE, in his presentation
to the second plenary on ESBWR, described
this reactor as having a capability of 1550
MWe (the AP1000 is currently rated at 1117

MWe), and said that
it will use compo-
nents similar to those
already being made
for the ABWRs com-
ing into service. He
admitted, however,
that the ESBWR is
not as far along as the
AP1000, which he
said is “two years
ahead of us” in the

design completion and NRC certification
processes.

In a session on the Very High Tempera-
ture Reactor (VHTR), which is the princi-
pal Generation IV design being pursued in
the United States, Phil McDonald, of the
Idaho National Engineering and Environ-
ment Laboratory, reported on a point de-
sign study that compared pebble bed core
design to the “block” design, with fuel and
moderator in parallel vertical blocks. He
said that he would not choose one over the
other, but concluded that fuel cycle costs
would appear to be lower for pebble bed
than for blocks. In the next paper, Yasushi
Muto, of Tokyo Institute of Technology—
working from different design assump-
tions—found that a cooling system that al-
lowed for horizontal as well as vertical
flow could help reduce some of the draw-
backs associated with pebble bed cores.
This flow pattern offers a 2 percent im-
provement in thermal efficiency and 5 per-
cent less core pressure drop, allowing the
maximum fuel temperature to be as low as
1110 °C.

Perhaps the most inopportune turn of
phrase at the meeting came from Norbert
Frischauf, of the European Space Agency’s
(ESA) European Space Technology Center,
who chaired the session on nuclear power
and propulsion systems, and opened it with
remarks on European perspectives on the
topic. After concluding that Europe should
work on materials and other support issues,
and decide later whether ESA should enter
reactor development, he said that it was
necessary to “go back to the classroom” to
educate the public on nuclear materials used
in spacecraft—to actively provide informa-
tion, “and not let it fall down from the sky.”
Whether a nuclear spacecraft would fall
down from the sky is, of course, exactly
what the public would worry about.—E.
Michael Blake
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The MIT study concluded
that there would have to be
tax incentives for the “first

movers,” who ordered
roughly the first 10 reactors.

Moniz

Rao



T H E A M E R I C A N N U C L E A R Soci-
ety gathered June 13–17 in Pitts-
burgh, Pa., for its 50th anniversary

at a moment when memories of the ori-
gins of ANS—the aftermath of President
Eisenhower’s “Atoms for Peace” initiative,
and the numerous possibilities foreseen for
bringing nuclear science and technology to
applications for the benefit of all human-
ity—could be accompanied by optimism
for the short- and long-term future of the
field. The theme of the meeting was A
Golden Anniversary—A Golden Opportu-
nity, and although during the second half of
the Society’s existence no power reactor or-
ders have been placed in the United States,
the 1073 attendees who gathered in Pitts-
burgh in mid-June could look to a new re-
actor order in Finland, a likely order to fol-
low in France, the U.S. nuclear industry
consortia preparing to test the new system
for licensing, and signs of more favorable
public attitudes toward new nuclear plants
as indications that a nuclear power renais-
sance might occur in the United States early
in the Society’s second half-century.

The memories of the first half-century,
and the accomplishments of ANS and the
nuclear community, were evoked during
the 50th Anniversary Banquet on Sunday
night, the first official event of the meeting.
Susan Eisenhower, granddaughter of for-
mer President Dwight D. Eisenhower and
president of the Eisenhower Institute, gave
a presentation in which she noted the appro-
priateness of Pittsburgh—the birthplace of
commercial nuclear power generation—as
the location of ANS’s anniversary meeting,
and thanked the Society for helping to
transform her grandfather’s “Atoms for
Peace” vision into reality.

Following her talk, she introduced John
Simpson, ANS past President (1973–74)
and honorary chair of the meeting, and pre-
sented him with an ANS Presidential Cita-
tion for his lifetime of achievements. Simp-
son’s talk provided insight into the sense of
adventure that existed at the dawn of the nu-
clear age, and into what it was like to be one
of the nuclear pioneers. He related firsthand
stories about important figures of the early
times, and conveyed the excitement of those

who took nuclear through the transition
from wartime use to commercial power gen-
eration. He was one of 19 ANS past Presi-
dents in attendance at the dinner, where they
and the Society’s other previous leaders
were honored for their contributions.

Seizing opportunities
Speakers at the opening plenary session

on Monday morning touched on the meet-
ing’s theme, but tempered slightly their as-
sessment of the opportunities for nuclear

development in the coming years.
While all agreed that ANS, and nuclear

professionals in general, can do much to
seize the opportunities and broaden the ben-
efits to the nation and world from nuclear
energy, they made it clear that real progress
depends also on developments outside the
nuclear community, in the political and
public arenas. The consensus was that a nu-
clear renaissance is possible, and may be
becoming more likely, but can occur only
if issues such as high-level waste disposal
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On the 50th anniversary, golden
opportunities foreseen

◆ Nuclear renaissance possible, if issues
are resolved

◆ TMI-2 changed how the industry 
does business

◆ ANS should lead in presenting
demonstrated science

◆ Zero fuel defects should be the industry’s
goal

◆ Shift is away from prescriptive standards

◆ Nuclear desalination faces several
challenges

◆ Not just one solution to sump clogging 
at PWRs

◆ Improvements suggested to upgrade
safety culture



are resolved fully.
The early part of the session focused on

ANS matters. Joe Colvin, of the Nuclear En-
ergy Institute, presented the Henry DeWolf
Smyth Nuclear Statesman Award—a joint
award of ANS and NEI—to former ANS
President and Nuclear Regulatory Commis-
sion Chairman Joseph P. Hendrie. Stephen
R. Tritch, of Westinghouse, a general co-
chair of the meeting, read a letter from Pres-
ident George W. Bush congratulating ANS
on its 50th anniversary. Then the other meet-
ing co-chair, Gary Leidich, of FirstEnergy
Nuclear Operating Company, presented a
video that pointed out some of the nuclear
community’s many roots in the Pittsburgh
area: the original power reactor at Ship-

pingport (both as a
light-water reactor
starting in the 1950s,
and as a light-water
breeder reactor start-
ing in the 1970s), and
the nearby two-unit
Beaver Valley plant
in operation today.

Leidich then pre-
sented the plenary
speakers. Sen. Larry

Craig (R., Ida.) was unable to attend in per-
son, because the various memorial services
for the late President Ronald Reagan in
Washington, D.C., during the previous
week had forced legislative business to be
rescheduled; he sent a videotape in which
he explained that work on defense high-
level waste appropriations forced him to re-
main in the capital. (Technical glitches in
the video, and Craig’s largely off-the-cuff
remarks, supported the impression that
Craig had indeed changed his plans sud-
denly and made the video only as a last re-
sort.) Craig said that there was still a “slim
but outside chance” that comprehensive en-
ergy legislation could be passed by Con-
gress before this year’s election. He noted
the public’s reaction to this year’s rise in
gasoline prices, and said, “This reality
check . . . may well jar Congress into ac-
tion.” He added that any serious push by the
federal government for new energy sources
would include a large nuclear component.

Current NRC Chairman Nils J. Diaz
joined in the celebratory mood of the ses-

sion, praising nuclear
pioneers (including
past ANS Presidents)
for the legacy they
have left, including
power reactors and
other nuclear facili-
ties now in opera-
tion. But he said that
the technology’s
safety record “is not
to be taken for

granted,” and the prolonged outage at
Davis-Besse (and the discovery there of an

eroded cavity in the upper vessel head)
should serve as a wake-up call. He noted
that the Three Mile Island-2 accident in
1979 forced a realignment of the nuclear in-
dustry, and an awareness that a problem at
one plant can reflect on all others. Diaz en-
dorsed the prescriptive approach to regula-
tion in use at the time, but said that several
hundred reactor-years of additional operat-
ing experience, and the development of risk
analysis techniques, have made it possible
for regulation to become more risk-in-
formed and performance-based. Also, rais-
ing an issue that would be revisited by
many other speakers
at the meeting, Diaz
noted that the new
generation of profes-
sionals entering the
nuclear fields is not
large enough to re-
place the retiring pi-
oneers, and said that
ANS is “never more
needed than today”
to assure an abun-
dant supply of qual-
ified personnel.

Pittsburgh was also important in the de-
velopment of the nuclear Navy, through the
Bettis Laboratory. Thomas H. Beckett,

deputy director of
the Naval Reactors
Program, summa-
rized the program to
date, noting that it
has logged more
than 130 million
miles of submarine
travel without a sin-
gle accident, health
impact, or instance
of environmental

damage. He credited this record to the core
values established by the program’s
founder, Adm. Hyman Rickover: technical
excellence and competence, meritocracy,
acceptance of complete responsibility,
training of and challenge to all personnel,
firm authority, and total commitment to
honesty, safety, and environmental stew-
ardship. Beckett also noted that unlike in
the civilian power sector, naval reactor or-
dering has not paused, with new orders
placed in the 1980s, 1990s, and since 2000.
Later this year, he added, the first Virginia-
class submarine will be commissioned,
with a core intended to last for the whole
33-year life of the craft.

Kingsley’s seven points
Next to speak was Oliver D. Kingsley,

Jr., chief operating officer of Exelon, with
remarks that were to be cited and quoted
frequently by other speakers for the dura-
tion of the meeting. Kingsley recalled that
five years earlier he had told a reporter that
a nuclear renaissance was approaching, and

said he believes that it is now in its early
stages—but does not
have an assured fu-
ture. After summa-
rizing the activities
to date of the NuStart
consortium, of which
Exelon is a member,
and its plan to apply
for site approval and
a construction/oper-
ating license even
though none of the

NuStart partners currently intends to order

a reactor, he listed seven preconditions that
would have to be met before new plants
would be built:
■ The market must create a demand for
more power. Kingsley noted that there have
been about $50 million in losses from “mer-
chant” plants, built as speculative invest-
ments with traditional rate-base inclusion,
and this environment won’t support nuclear
plants. Reserve margins are declining, how-
ever, and Kingsley said that with 90 percent
of all recent generation additions being gas-
fired, there has been an adverse effect on
the price of gas in the fuel’s traditional mar-
kets, like fertilizer and home heating. He
said that the price of gas in four major Ex-
elon regions translates to electricity costs in
excess of $50/MWh for that fuel.
■ Someone, preferably a utility CEO, must
lead the way, perhaps risking the presumed
ire of the financial community by showing
a clear intent to build a new nuclear plant.
Kingsley cited the late William Lee, of
Duke Power Company, as an example of
the kind of leader who would be needed.
■ There must be new, deliverable technol-
ogy—not experimental, but already able to
provide “operational comfort.” The ABWR,
for instance, already has operational expe-
rience. The certification of the AP1000 and
ESBWR may satisfy this condition, from
the standpoint of NuStart.
■ There must be regulatory predictability
and stability. Kingsley said that he thinks this
is in place now as far as reactors are con-
cerned, but said that it would be difficult to
announce new orders unless another regu-
lated project—the proposed high-level waste
repository at Yucca Mountain, Nev.—is de-
termined to be a licensable site.
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■ Acceptable financial returns must be
available. Kingsley said that construction
cost is a major concern, and there should be
financial incentives for “first movers” who
would make their commitments before
economy of scale and proven performance
could make reactor ordering more attrac-
tive. He noted that there is currently 10
times as much federal funding for fossil and
renewable energy as there is for nuclear.
■ The infrastructure to design and build
power reactors must be reestablished. He
recalled attending a World Association of
Nuclear Operators meeting in Osaka, Japan,
and wondered if there were more nuclear
construction capability around Osaka Bay
than in all of the United States. He said the
issue is not just whether there are enough
engineers and university nuclear programs,
but whether craft workers, technicians,
training programs, and apprenticeships will
be in place.
■ There must be public confidence in nu-
clear power. Kingsley exhorted nuclear
professionals to quit apologizing and pro-
claim the progress of power reactors. Re-

turning to the financial state of the elec-
tricity industry in general, he noted that
since the start of 2002, the Dow-Jones util-
ity index was down 13 percent overall, but
the stock prices for nuclear plant owners
had risen, and the six utilities that have
bought power reactors from other utilities
are up 65 percent. He added that the nu-
clear industry will not be able to tolerate
poorly performing reactors anywhere in
the country. “If you’re not getting better,”
he concluded, “you’re certainly moving
backwards.”

The final speaker was Luis E. Echávarri,
director-general of the Organization for
Economic Cooperation and Development’s

(OECD) Nuclear En-
ergy Agency. He
said there are now
more than 10 000 re-
actor-years of expe-
rience worldwide,
but OECD countries
are growing more
dependent on energy
from unstable re-
gions of the world.
He said that the Ky-

oto treaty on carbon dioxide emission lim-

itation is an important aid to nuclear devel-
opment, and cited as an example the order
for the Olkiluoto-3 reactor in Finland a few
months earlier.

There remains, however, great uncer-
tainty on upcoming energy choices in many
nations. Echávarri said that countries accus-
tomed to command-and-control decision-
making are being forced to learn about the
workings of the market. He also mentioned
the Generation IV international forum, with
11 countries working on six advanced reac-
tor concepts, as a way for the worldwide nu-
clear community to help advance the tech-
nology to newer systems and a gateway to
the hydrogen economy.

Questions for the panel
In the ensuing panel discussion, Leidich

asked Kingsley how ANS could help meet
the seven preconditions. Kingsley replied
that the Society and its members could help
uphold nuclear education, stress positives
in public debates, and serve as a common
ground for the whole nuclear community.

Kingsley’s call for a CEO to lead the way
in plant ordering
prompted a question
from the audience
by former ANS
President Andrew
Kadak, who asked
Kingsley if he were
volunteering. Kings-
ley (Exelon’s COO,
not CEO) said only
that Exelon is will-
ing to make a sub-
stantial investment

once other needs are met—especially re-
garding Yucca Mountain.

On the same topic, Kingsley was asked
about a recent statement by Dominion En-
ergy CEO Thomas Capps, that the utility
consortia have “unrealistic” ambitions (NN,
July 2004, p. 12), and whether Kingsley
saw NuStart evolving eventually into an en-
tity that would order, build, and operate
new reactors. On the Capps statement,
Kingsley acknowledged the awareness of
financial risk that gave rise to it, and said
that NuStart is nowhere near the point of
considering an order, but added that it
would be worthwhile for several utilities to
be involved, and share the accompanying
risks.

To an extent, the panelists were chided
by audience members for limiting their
near-future focus. One questioner said that
economy of scale argued for resuming con-
struction with more than one reactor;
Kingsley said that the first step had to be the
establishment of a single reactor project,
and that if it went as intended, others would
follow. “My heart says eight,” he said, “but
my head says one.”

Another questioner wondered whether
the addition of new reactors would put a

strain on the uranium
supply in the once-
through fuel cycle
now in place, and
whether nuclear
could expand with-
out breeder reactors.
Tritch responded that
the focus should stay
on what’s needed to
resume reactor or-
dering, and that it

would be unwise to push for breeders.

TMI-2: The lessons learned
It was 25 years ago in March that the

commercial nuclear industry learned that it
was fallible. In the aftermath of the accident
at Three Mile Island-2, the industry made
changes in almost all aspects of how it did
business, from education and training and
plant operations, to regulatory oversight,
and brought the phrase “lessons learned”
into the nuclear lexicon. The Monday after-
noon session at the ANS Annual Meeting,
“Twenty-five Years After TMI-2: Lessons
We Need to Remember,” took a look at
some of those changes and asked the ques-
tion: Are we starting to forget why we made
these changes in the first place? The session
was organized by Jim Byrne, of FirstEnergy
Nuclear Operating Company, sponsored by
the ANS Decommissioning, Decontamina-
tion and Reutilization Division, and
cosponsored by the Education and Training
Division and the Operations and Power Di-
vision.

Bob Long was a vice president at TMI
operator GPU Nu-
clear when the acci-
dent occurred. With
the accident now 25
years in the past, he
felt compelled to re-
mind the session au-
dience just how dev-
astating the accident
had been for the re-
actor and the com-
pany that owned and

operated it. As he noted, the reactor core
was destroyed, with 70 percent of the fuel
damaged and more than 50 percent of it
melted; a million gallons of highly contam-
inated water collected in the reactor and
auxiliary building basements; a large vol-
ume of krypton gas accumulated in the re-
actor building; and local residents suffered
considerable mental stress and local busi-
nesses suffered economic losses. And be-
cause of the high levels of radioactivity af-
ter the accident, much of the damage would
remain unknown for many more years.

The full picture of just how damaged the
reactor was began to emerge in 1986, Long
said. The first images of the shattered fuel
rods, the molten mass at the bottom of the
vessel, the melted instrument tubes, remain

Long
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“burned into the memory of everyone in the
power business,” Long commented. In ad-
dition, as reported in 1993, accident ana-
lysts eventually determined that a square
meter section at the bottom of the reactor
vessel reached 1100 °C, which is consid-
ered white hot. Nonetheless, the vessel did
not rupture.

The social consequences of the accident
were equally dramatic, Long said. Although
there were no deaths or injuries, the plant
was ruined, never to operate again; it took
a billion dollars to clean up the mess; ad-
joining TMI-1 was shut down for more than
six years; GPU was driven to the edge of
bankruptcy (its stock dropped from $18 a
share before the accident to just over $3);
the public emotion about the accident re-
mained intense, with people still express-
ing concern about living near TMI; and bil-
lions of dollars were spent worldwide to
improve plant safety and performance.

Tony Barratta, professor emeritus at
Penn State Univer-
sity, discussed the
accident’s impact on
nuclear engineering
education. Prior to
the accident, nuclear
engineering educa-
tion programs had 
remained somewhat
static, but not long
after the accident,
enrollments began to

increase—driven, Barratta said, by a re-
sponse to the challenge of making nuclear
energy safer, especially among the better
students. This increase, however, was short-
lived, especially after the 1986 accident at
Chernobyl disillusioned students who
thought things had changed and as the 
“cyber revolution” enticed the cutting-edge
students away.

Today enrollments are again increasing,
but the ability for the nation’s universities to
respond has decreased. Only 27 university
reactors remain operational. Today’s fac-
ulty members often lack a depth of under-
standing (few have power reactor experi-
ence, Barratta said). Many programs have
merged into more traditional engineering
fields (mechanical, electrical, etc.), which
can create problems for nuclear engineer-
ing education because the traditional pro-
grams often do not provide the emphasis on
safety that the specialized programs have.
Most important, Barratta concluded, indus-
try support has been lagging, and industry
especially does little to support faculty re-
search, an area that universities still find
valuable.

Changes in training, operations
TMI also changed the face of nuclear

training forever, noted Jane LeClair, from
Constellation Energy’s Nine Mile Point nu-
clear station. At TMI, she said, operators

were faced with a situation they had never
seen before, were working with confusing
procedures, lacked a fundamental knowl-
edge of the reactor workings, and had no
knowledge of lessons learned from previ-
ous operating experiences at other plants.
Among nuclear utilities, prior to 1980, op-
erator training was considered a minor
function, and training staffs were poorly
funded and inadequately staffed.

After TMI, the industry worked quickly
to fill the training void. In May 1982, the In-
stitute of Nuclear Power Operations (INPO)
established an accreditation program for the
industry, and the industry responded by
preparing its training programs for accredi-
tation. The U.S. Nuclear Regulatory Com-
mission endorsed the INPO accreditation
program in March
1985, and issued a
training rule in April
1993 that recognized
industry’s training
and accreditation ef-
forts. And the Amer-
ican Nuclear Society
developed standards
for training and qual-
ification of nuclear
plant personnel.

More specifically,
she said, the industry systematized its train-
ing program; increased eligibility require-
ments for senior operators and operators;
added training in heat transfer, fluid flow,
and thermodynamics; increased training
emphasis on reactor transients and on mit-
igating core damage; and toughened NRC
licensing examinations. Finally, plant-spe-
cific simulator training became the norm for
all operator training.

Changes in plant operations were ad-
dressed by Pete Sena, operations manager
at Beaver Valley. “It’s all about people
these days,” he said, and “managing people
is tough.”

Sena outlined the way an “effective or-
ganization” looks at operations. Among the
highlights: an emphasis on people, and
“ownership” by employees and unions of
the tasks they are assigned to do; an em-
phasis on constantly improving perfor-
mance; team benchmarking with other
plants; and high expectations. For exam-
ple, an effective organization looks at a
“near miss” as a failure, and constantly re-
views minor slips. A less effective organi-
zation, on the other hand, might look at a
near miss as a success, because, after all,
nothing bad happened.

At Beaver Valley, every job is briefed
prior to the job and afterwards. Lessons
learned are saved and incorporated into fu-
ture procedures. “Peer checks” provide a
second set of eyes for every action. Sena ad-
mitted that industry is split pretty much
50/50 on peer checks, but he feels that they
serve a valuation function. “If you do it right

the first time as a result of a peer check, ul-
timately your productivity goes up.”

A dedication to following procedures is
another important aspect of operations at
Beaver Valley. “We have procedures for
following procedures,” Sena laughed. But
by emphasizing procedures, he said, “oper-
ators stay in ‘rule-based land,’ and don’t go
into ‘knowledge-based land.’”

Regulations and response
The accident brought a new world view

to the NRC, noted David Matthews, direc-
tor of the agency’s Division of Regulatory
Improvement Programs. In addition to a raft
of new regulations, the accident brought
about an increase in opportunities for the
public to make their opinions known dur-

ing the regulatory process. This provided a
sea change in the utility world, where the
prevailing attitude had been that it’s best if
no one knows about them. Even today, he
said, some utilities still look at the public
process as an intrusion, but the NRC is
committed to the change.

One problem the NRC still faces is “con-
necting the dots” from previous experi-
ences, because there are still roadblocks to
data sharing. Can we use INPO experience
or is it confidential? Some foreign countries
may not want to share experience that might
reflect badly on them. In many ways,
Matthews said, we face the same problems
as the many entities of the intelligence com-
munity—that is, whose data is it, anyway?

In subsequent discussion, Long men-
tioned one other area of improvement:
emergency response. There was no such
thing as an effective emergency response
program when TMI happened, he said. In
those pre-cell-phone days, there were no
telephones for reporters to call in their sto-
ries (the only telephone was in the control
room, Long commented, and it had been
“off the hook” since the accident), no
trained briefers, no equipment or supplies
for briefers or reporters. “We had a trailer
with no furniture, no pencils, no paper,
nothing,” Long said.

Today, 25 years later, the good perfor-
mance of today’s nuclear plants is testament
to the effectiveness of the post-TMI im-
provements. But “continuous vigilance” is
needed, Long cautioned. Indeed, he noted,
things are not as good as you would like

Barratta
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them to be, and they are not in an improv-
ing trend. For example, significant events
increased 40 percent in 2003; forced shut-
downs during the first 10 days after a refu-
eling outage have increased; and since
2000, there has been a 27 percent decrease
in the number of plants in INPO’s “excel-
lent” category. And, Long concluded, the
recent issue of the corroded reactor head at
Davis-Besse proves that the industry must
remain vigilant, and must never forget the
lessons learned from this country’s worst
commercial nuclear accident.

Realism: Set the record straight
In the ANS President’s Special Session,

Realism in Evaluating Nuclear Hazards,
outgoing President Larry Foulke said that

one of ANS’s priori-
ties is to be a source
of credible informa-
tion on science and
technology. A criti-
cal issue that needs
to be put right in this
regard, he said, is the
discrepancy between
the apocalyptic de-
piction of a nuclear
accident and the

demonstrated scientific facts. As members
of this Society, Foulke said, “we have a re-
sponsibility to correct this.”

ANS, he added, “should take a leadership
position” on this issue, and he added his
hope that this session would mark a step
along the way. The speakers, said Foulke,
would be describing how conservatisms in
the models, methods, and input have led to
calculations predicting that there would be
high levels of cancer fatalities and risk, and
would show that these conservatisms and
the results of the calculations have no basis
in reality. Using conservative values and
computer models that actually reflect real-
ity, he noted, the numbers associated with
consequences become ever so small.

The session was led by Ted Rockwell,
who, at Foulke’s re-
quest, has been head-
ing up a group prepar-
ing a White Paper on
this topic. Rockwell is
currently vice presi-
dent and founding of-
ficer of Radiation,
Science & Health,
Inc., an international
public interest organi-
zation of independent

radiation experts committed to bringing radi-
ation policy into line with scientific data and
theory.

Nuclear experts’ attitude, Rockwell said,
is that a major core accident would never
be allowed to happen, because that would
mean the end of nuclear power. It is some-
thing so unimaginable that there is no de-

sire even to want to talk about it. In fact, a
lot of work has been done to determine re-
alistic scenarios of the release and disper-
sion of fission products and how the conse-
quences are limited by the actual physical
properties of the materials at hand. There is
a good realistic story to tell, he said, based
on facts, knowledge, and understanding.

Rockwell explained how this issue has
come to a head. About two years ago, Nu-
clear Regulatory Commission Chairman
Nils Diaz began ad-
dressing ANS and
other organizations,
saying that it is nec-
essary to start using
realistic figures. We
cannot continue us-
ing extreme unreal-
istic assumptions.
“Here is the chief
watchdog telling us
that we do not be-
come safer going to
extremes,” said Rockwell, who added that
Larry Foulke has taken on the challenge and
is personally championing this issue.

Ian Wall, a consultant and the first
speaker, was involved in the early work at
EPRI on accidents and has contributed to

the White Paper. He
became involved in
risk assessment in
1967 while working
at General Electric.
Upon joining the
NRC in 1974, said
Wall, one of his first
jobs was to correct a
serious error in the
consequence model
then used. He devel-

oped a new code that showed that the con-
sequences were concentrated mainly near
the plant, that there would be time to evac-
uate, and that the risks become very small
at distances farther away from the plant.
“The point,” he said, “is that realistic mod-
els changed our perspective about offsite
consequences.”

By introducing realism, said Wall,
WASH 1400 (known as the Rasmussen Re-
port) also changed the perspective of what
was important to reactor safety. Prior to
WASH 1400, the consensus of experts was
that the probability of core damage was in-
finitesimally small, while the consequences
were very large. WASH 1400, he said,
showed that the probability was larger than
expected, but the consequences were tiny.

Prior to the accident at Three Mile Island-
2, safety experts assumed that the iodine re-
leased would be elemental and gaseous and
a large fraction would be discharged to the
atmosphere. Under this premise, said Wall,
the TMI accident sequence should have re-
leased millions of curies of iodine-131. It
turned out that only a very small amount

was released. The subsequent investigations
identified mechanisms—such as nuclides
being dissolved in water and plating out—
that meant most were retained at the plant.
This further changed the perspective of the
consequences of reactor accidents.

During the 1980s, EPRI undertook work
on accidents, which added more realism.
Wall’s part involved setting out a program
of experiments to characterize and measure
the retention of radioactive material within

fuel, within the reactor system, and within
the containment. This resulted in a tenfold
reduction in the WASH 1400 source term.

In general, Wall said, a much better job is
being done than before. He added that re-
actor designs should be conservative, but
should be supported by probabilistic risk as-
sessments that are as realistic as possible.

Realistic conservatism
Before introducing the next speaker,

Rockwell explained another event that is
driving this work. Recently, an antinuclear
report analyzing a hypothetical fuel pool fire
associated with a terrorist attack predicted
thousands of radiation-induced deaths hun-
dreds of miles away, and demanded that all
such fuel be transferred to dry storage casks.
The report was given to Congress, which
asked the National Research Council to look
into it. The authors said that they did not in-
vent the numbers and the methods used:
They were taken directly from reports pre-
pared by Sandia National Laboratories and
other nuclear laboratories. In fact, the NRC
accepted this point, and to its credit took up
the challenge, realizing that there is a wider
issue here. In its testimony, the commission
underlined that the type of analysis done
here—the sort carried out over many
years—is not relevant to the real world be-
cause the premises are too unrealistic. The
NRC explained that the premises may have
been right for scoping studies, when they
were looking to bound a problem, but they
are not right for predicting deaths.

The next speaker was Farouk Eltawila,
director of the Division of Systems Analy-
sis and Regulatory Effectiveness in the
NRC’s Office of Nuclear Regulatory Re-
search. Eltawila began by defining “realis-
tic conservatism,” a term coined by NRC
Chairman Diaz, who believes that public
policy should not be based on the most con-
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servative assumptions and extreme scenar-
ios. Conservativism, he said, means em-
ploying a defense-in-depth strategy and en-
suring there are adequate safety margins.
Realism comes from using the best infor-
mation you have from science, engineering,
and operating experience.

Today, the commission has much better
knowledge of phenomena such as fracture
mechanics and aging, Eltawila explained.
This helps reduce uncertainties, improve
the quantification of safety margins, and
provide a better understanding of the safety
issues associated with accidents. This is
helping the NRC move away from the use
of the traditional deterministic conservative
assumptions to calculate consequences, to-
ward what he called “risk-informed realis-
tic conservatism.”

Regarding the issue of a spent fuel fire,
Eltawila discussed NUREG-1738, a spent
fuel pool analysis carried out in 1999–2000
by Sandia and Brookhaven national labora-
tories. This study was done for a specific
purpose and used a great deal of conser-
vatism. In fact, it assumed the worst possi-
ble scenario. In this case, he said, the analy-
sis gave a very low risk, which the NRC
said was acceptable. There was no reason
to go further because the answer already
provided the information needed to make a
regulatory decision. The NRC understood
the conservatism used, he noted, which in-
volved assumptions that were not realistic
or appropriate for making a decision regard-
ing a terrorist attack—a situation where re-
alism is needed. Unfortunately, he said,
people have tried to extrapolate that type of
information from a hypothetical accident to
a terrorist attack and have come up with a
huge number of cancer fatalities.

The NRC’s latest review, said Eltawila,
indicates that the pool’s structure is very ro-

bust and the location of fuel in pools make
them highly resistant to terrorist attack. A
transient analysis has indicated that fuel is
more easily cooled and the decay heat level
is much lower than predicted in earlier stud-
ies. There are at least 24 hours from the
time the pool empties of water and the start
of fuel damage and the release of fission
products. 

The review, said Eltawila, shows that the
demand for the transfer of spent fuel from
the pool to dry casks at the cost of billions

of dollars is not justified. He added that the
NRC has identified a strategy for loading
spent fuel into the pool that can substan-
tially reduce cooling
time of freshly dis-
charged fuel, further
reducing any conse-
quences from an in-
cident.

Rockwell com-
mented that Eltawila
and Diaz are owed a
big vote of thanks
for tackling this is-
sue, and recognizing
that although some
try to characterize it differently, no one is
trying to reduce safety. “Getting more real-
istic is not reducing safety, it is getting
safer.”

Transport realities
Ruth Weiner, senior staff scientist at San-

dia National Laboratories and a member of
the NRC’s Advisory Committee on Nuclear

Waste, described the
arbitrary premises
that produce large
overestimates of ra-
diation dose from a
postulated radiologi-
cal incident involv-
ing nuclear transport.
Since records on
transportation inci-
dents began, there
have been only 90

cask accidents, none of which released ra-
dioactive materials or ionizing radiation.
This is not surprising, she said, given the
extreme tests undertaken.

Conservatism in transportation is used,
she said, at four points: computer models;

inputs to the model;
interpretation of re-
sults; and the notion
of the bounding
case. This last one,
she noted, implies
that if we can show
that nothing much
happens in the worst
possible case, then
clearly the situation
is not bad. These
four conservatisms

were used in NUREG-0170 (1970), the first
environmental impact statement on trans-
portation of radioactive material by air and
other means. The NRC and utilities still use
it, with advanced computer codes of course.

Weiner then described what real mea-
surements do to a conservative model. To
show this, she described the calculation of
dose from an incident-free transportation
operation. In this case, the truck is modeled
by a sphere rolling down the road with dose
measured at 1 meter from the surface. There

are other conditions, such as that the truck
stops every 100 miles for an inspection in
a crowded urban area, and that no one

moves. There was no validation done on
this until a few years ago, she said, when a
graduate student did some actual measure-
ments at Hanford. It turned out that this
model is extremely conservative.

“You give it stupid numbers,” she said,
“and it gives you stupid numbers back.”
The model never tells anything that it is not
told first, she said, adding that opponents
say they use the same models as those used
by the experts and get tremendously high
doses. The reason, Weiner explained, is
that they start with tremendously high
numbers.

The modeling of real accident situations
is more complex, she said. Her colleagues
at Sandia came up with NUREG-6672,
which constructs 19 accident scenarios for
trucks and 21 for rail. This gives much more
realistic levels of doses of release than the
previous NUREG, she noted, but is still ex-
cessively conservative.

The facts about buried HLW
Bernard Cohen, professor emeritus of

Physics and Environmental and Occupa-
tional Health at the
University of Pitts-
burgh, focused on
the concerns of high-
level waste (HLW)
buried a half-mile
underground. Cohen
has authored many
papers and several
books on assessing
nuclear power risks.
For the purposes of

his talk, he used rock as an analog for
HLW—in its own form, encased or con-
verted into glass or into another rock-type
matrix known as “Synrock.” He queried
that if the HLW is buried a half-mile un-
derground, why should this be dissolved
out by groundwater any sooner than 2000
feet of rock above it? We understand nat-
ural rock, he said, and we ought to use this
understanding.

An example of not using what we know
about rock was a study carried out about 20
years ago by the National Academy of Sci-
ences (NAS) on HLW glass that presented
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calculations of releases and health effects.
It did not identify anything catastrophic. Go-
ing over this work, however, Cohen saw
how totally unrealistic it was. Taking the
method used by the NAS, the rock 2000 feet
deep would dissolve at a rate of about 1 per-
cent per year—so in other words, it would
last only about 100 years. But it is well
known that rock 2000 feet deep dissolves at
a rate of about one ten-millionth of a percent
per year and lasts about 1 billion years. In
other words, they made an error of a factor
of about 10 million. He showed other weak-

nesses in the NAS approach, and in the end,
he observed that this report, hailed by the
nuclear industry at the time, made all the
mistakes that Ted Rockwell talked about.

Cohen also discussed the risk of cancer
fatalities due to buried HLW generated
from 100 nuclear plants, and compared it to
the risks from coal-fired plants. The bottom
line is that each of the three different types
of waste released from coal burning—air-
borne pollution, chemical carcinogens in
coal ash, and radioactive waste in coal (ura-
nium, thorium, and radium, and the subse-
quent radon emissions)—cause 1000 times
more deaths than HLW. Cohen added that
the natural radioactivity in the ground
above the waste from uranium and thorium
provides 100 times more cancer doses than
the waste.

Cohen also “unpicked” the picture that the
antinuclear groups try to paint. For example,
groundwater does not flow like a river; it is
more like dampness seeping through the
ground. At Yucca Mountain, groundwater
moves at about 1 foot per year. He also noted
that it would take groundwater at 2000 feet
below the surface about 1000 years to get to
the surface. Any radioactive material, how-
ever, would be held up by a number of
processes, and would be expected to take
1000 times longer to get to the surface.

ANS White Paper
Rockwell concluded with some thoughts

about the White Paper (ANS member input
on the White Paper was being requested as
of late June on the ANS Web site). The re-
port, he stressed, is a working document de-
signed to get the message clear as to what
the realistic facts are about radiation haz-
ards in the worst case and in the real situa-
tions people face.

He particularly wanted to “knock out”
two false premises: that a severe accident
would be the end of the world and that “one
damn ray will kill you.” As an example of
the problem, he noted that when an incident
occurs, such as the Davis-Besse problem, it
is usually reported as almost a major acci-
dent, as if a small hole in the reactor would
lead to thousands of deaths.

As for very low-dose radiation, Rockwell
said that there is no real scientific basis for
assuming it is harmful. In fact, he observed,
there is considerable evidence that some ra-

diation is beneficial.
He noted that the
goal is not to try to
overturn the science
on which their rec-
ommendations are
based, and said that
he believes that
many of the advisory
committees promot-
ing the linear no-
threshold concept
have been remiss in

their not examining, evaluating, and report-
ing on the massive amount of evidence on
the beneficial effects of low-dose radiation.

Rockwell also challenged the idea that it
is safer and more beneficial to assume that
the world is different than it is. Putting
some realism in place of “silly” premises
does not represent a decrease in safety, he
said. He was not talking about regulators’
yielding to pressure from the industry to be
less safe. If a most realistic assessment of
the situation is made, “with conservative el-
bow room,” then there will have been
movement toward “safer, not less safe.”

Fuel issues
The long-term success of the nuclear

power industry and light-water reactors in
particular is tied to the reliability of nuclear
fuel, according to Ivan Maldonado, associ-
ate professor of Mechanical, Industrial and
Nuclear Engineering at the University of
Cincinnati.

The industry is increasing capacity fac-
tors and cycle lengths at the same time that
power uprates are occurring. By many ac-
counts, these factors “are conspiring to test
the bounds of the performance and reliabil-
ity of nuclear fuel,” said Maldonado, orga-
nizer of the session on “Current Issues in
LWR Nuclear Fuel Performance and Reli-
ability.”

Zero fuel defects should be that bound-
ary of performance and reliability, sug-
gested Bill Pierce, site vice president at
Beaver Valley nuclear power plant, oper-
ated by FirstEnergy Nuclear Operating
Company (FENOC). Beaver Valley has
two Westinghouse pressurized water reac-
tors. Unit 1 is rated at 821 MWe (net) and
Unit 2 at 831 MWe (net). “We need to chal-
lenge the fuel vendors to continue robust

fuel development,” Pierce said. “We need
to challenge the core designers to guard fuel
margins. We have to challenge fuel han-
dlers to protect fuel during movement. We
need to challenge workers to prevent for-
eign material exclusion [FME].”

Pierce chastised the industry for not hav-
ing a goal of zero fuel defects, and for its
“lack of [having] a cohesive plan to achieve
the things we need to achieve regarding fuel
performance.”

The industry, he continued, should get to
a point where a defective fuel pin at a nu-
clear plant would be something that draws
interest. “Today, we look at it as an ac-
cepted thing,” he said. “If it happens, we
feel like we’re powerless to deal with it.
We’ve got to get to a point where we see
fuel defects as something we’re not going
to tolerate.”

Underlying the zero-defect goal is a non-
technical issue, meaning that it’s the gen-
eral public that demands perfection from
the nuclear industry. “I think the public do-
main that allows us to operate these plants
expects us to have zero fuel defects,” he
said. “I just believe that it’s bad business to
have fuel leaks [because any minor nuclear
blip is perceived by the public as a bad
thing] and that [leaks] will be a problem for
us as an industry.”

The industry itself, of course, will have
to foot the bill to support development of
zero-defect fuel, he noted, but at the same
time it is important to retain the low cost of
fuel. “The heart of the electric industry us-
ing nuclear power for production is low fuel
costs,” he said. “Besides that one issue, we
would not be competitive with other
sources of electricity generation, because
our base costs are higher.”

FENOC operates three nuclear sites—
Beaver Valley, in Shippingport, Pa.; Davis-
Besse, an 873-MWe (net) Babcock &
Wilcox PWR in Oak Harbor, Ohio; and
Perry-1, a 1235-MWe (net) General Elec-
tric boiling water reactor in North Perry,
Ohio. Combined, 66 percent of the FENOC
plant’s collective fuel failures have been
caused by grid fretting, 28 percent by de-
bris, and 6 percent through fabrication.

Countering Pierce’s argument was Paul
Edelmann, a fuels
engineer for Con-
stellation Energy’s
two-unit Nine Mile
Point nuclear power
plant, who noted
that he would never
expect fuel to be
made entirely leak
proof. “I don’t think
that’s possible,” he
said. “I don’t know

how much more improvement you can de-
sign into fuel. But I do know from work-
ing at a BWR plant that there is a lot of
room for improvement in control of plant
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chemistry, and especially in foreign mate-
rial exclusion.”

He recounted a story from last spring,
when Nine Mile Point-2, an 1148-MWe
(net) General Electric BWR in Scriba,
N.Y., was entering a refueling outage. Thir-
teen hundred workers were brought on site
to work the outage. For most, it was their
first experience at a nuclear plant. Their in-
experience showed, he said, as illustrated
by a pile of debris that collected on the re-
fuel floor during the outage. “This became
big news” within the plant, he said, because
with the industry spending millions on
FME programs, “somebody [at Nine Mile
Point] was missing something.”

Edelmann advised that strict adherence
to good FME and chemistry practices, com-
bined with safe rod pattern development
and cycle operation, “can and should pre-
vent BWR fuel from undergoing any fail-
ures, even with higher power demands and
longer cycle duties.”

A lesson learned at Nine Mile Point, he
said, was that modern fuel designs will per-
form well when treated with care.

Identifying fuel leaks
Ed Price, a senior engineer for Duke

Power, stated that Duke plants have been
free of fuel leaks since 2001. Duke operates
the two Catawba units, which are 1129-
MWe (net) Westinghouse PWRs, in
Clover, S.C.; the two McGuire units, which
are 1100-MWe (net) Westinghouse PWRs,
in Cornelius, N.C.; and the three Oconee
units, which are 846-MWe (net) B&W
PWRs, in Seneca, S.C.

The Catawba and McGuire plants
switched in 2000 to Westinghouse robust
fuel assemblies with zirconium cladding
from the AREVA/Framatome ANP Mark-
BW design, and Oconee switched in 2001
to AREVA/Framatome ANP Mark-B11
fuel with M5 cladding.

Price said that the whole process of iden-
tifying leakers, at least recently, has been
akin to searching in the dark. “You expect
when you have leakers to have iodine ac-
tivity go up, but we’ve had many cycles
with leakers with very low iodine activity,”

he said. “We’ve also
had mysterious leaks
at plants where we
know we had leak-
ers, but little or no
spiking during tran-
sients.”

Once leakers were
discovered at Duke
plants, he said, there
were problems in
isolating the failed

fuel assemblies. That’s because ultrasonic
testing (UT) has had “very poor reliability
for us the past few years,” he said. “Many
overcalls, many cores that had leakers in
them, did not show up on the UT.”

As an example, Price explained a fuel-
leak search at Catawba-1 from several years
ago. The core showed a substantial increase
in xenon-133, and a UT campaign was done
that resulted in the identification of four sus-
pect fuel rods. “We pulled the rods, but
eddy current testing showed all the rods
were sound,” he said. “So, we did not find
failures in any of these rods.”

Price claimed that INPO’s Fuel Reliabil-
ity Indicator (FRI)—defined as the steady-
state primary coolant iodine-131 activity
(microcuries/gram), corrected for the tramp
contribution and power level, and normal-
ized to a common purification rate and av-
erage linear heat generation rate—is not a
credible measure. A team is being put to-
gether, of which Price will be a member, to
reevaluate FRI to
come up with some-
thing “more realis-
tic,” he said.

A problem with
today’s FRI is that a
core can have leak-
ers with low iodine
activities and low
power defects, but
still be under the
FRI criteria for zero
defects, he said.

Price wondered what had happened to di-
agnostics over the past few years. Stretch-
ing back a decade or two, UT was consid-
ered 85 percent efficient. But over the past
five years, “we haven’t been able to find
anything,” he said. “It makes me wonder if
now the threshold is so low for leakers that
we’re looking for things that, in the past
[when the threshold was higher], we would
see without paying much attention.”

From the fuel manufacturers’ side, Olga
Correal-Price, a principal engineer for
Westinghouse Electric Corp., noted that 25
percent of leakers are from unknown
causes, and that the percentage is increas-
ing. She stressed that finding the reason for
those leakers is “today’s challenge.”

John Schardt, chief technologist of
Global Nuclear Fuel, Ltd./General Electric
Nuclear Energy, said that in the old days,
thousands of fuel rods used to fail through-
out the industry. Today, however, “we’re
talking about tens.” With about 2 million
fuel rods in place in operating reactors in
the United States and only handfuls failing,
“the reliability has been very, very good,”
he said.

Schardt declared that his company and
probably every fuel manufacturer in exis-
tence has a “zero leak mentality.” Every
leaker “hurts everyone. It hurts our cus-
tomers and it hurts the vendor. Each day
that there is a leaker, we know about it that
day,” he said.

Schardt implied that people all the way
up the management chain of command
“hurt” when they learn about a leaker, be-

cause “most of us thought that by now we
might have almost licked” the leaker prob-
lem. He added, “We don’t know of a man-
ufacturing defect that has caused a leaker in
10 years.”

Roger Reynolds, director of Fuel Tech-
nologies and Reliability for Framatome
ANP, Inc., followed up on Schardt’s com-
ments by declaring that “‘Zero tolerance for
failure’ is the way we do our work.”

Standards: A shift in philosophy
The ANS Standards Board has initiated

work to revise many of its standards using
risk-informed and performance-based con-
cepts. This session, “A Movement Toward
Risk-Informed, Performance-Based Stan-
dards: A Shift in Philosophy,” explained

chair Don Eggett, senior management and
manager of business development for Auto-
mated Engineering Services Corp., was
planned to look at the reasons for moving
from conventional prescriptive standards to
more performance-based and risk-informed
standards, and how this is being imple-
mented in ANS-sponsored standards. The
movement to this new approach involves
more than a shift in philosophy, he said. It
reflects a more general shift in the attitude
of industry to use these concepts to evalu-
ate operation.

Standards, Eggett explained, can be per-
formance-based or performance-based risk-
informed, depending on what the needs are
or what the focus will be. To distinguish
these sometimes confusing concepts, the
Board generated the following explana-
tions:

On performance-based: Decide what the
objective is to be then select a series of
tasks, tests, etc., that will get you to the end
point. Selection of the tasks is arbitrary
based upon the particular situation and
plant, and are not deterministic for every
plant and situation.

On risk-informed (which can couple with
performance-based): For each design basis
accident or serious event, determine the
risks to the public health and safety that the
occurrence of the event will entail and then
determine the mitigating events that are
necessary to reduce public risk to a prede-
termined acceptable level.

Don Spellman, of Oak Ridge National
Laboratory and chair of the ANS Nuclear
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Facilities Standards Committee (one of four
standards consensus committees), ex-
plained that the go-ahead was just made at
the Board’s last meeting and that this ses-
sion is the first presentation of its observa-
tions and of some of the work being done.
ANS often takes the initiative in this type
of effort, Spellman said, where there is
something industry needs to address. “And
besides,” he added, “we like the challenge.”
The Board will develop a set of criteria that
explains how to create or revise a standard
or convert it from prescriptive to perfor-
mance-based.

Jim Mallay, director of regulatory affairs
for Framatome ANP and chair of the ANS
Standards Board, opened the session with a

presentation on the
benefits of moving
from a prescriptive to
a more performance-
based standard. Most
of the standards de-
veloped within ANS,
said Mallay, are in-
tended to either com-
plement or positively
influence current and
planned regulatory

expectations. In many cases, he noted, the
NRC has asked ANS to develop standards
on selected subjects, adding weight to any
regulation that is based on those standards
because the commission knows that indus-
try has reached consensus that these are ap-
propriate criteria and requirements.

A particular feature of the standards
groups, said Mallay, is that they provide the
only forum for technical information to be
exchanged freely among all parties, many
of whom are in competition with each other
or are regulated by the NRC, which is rep-
resented on nearly all of ANS’s standards
committees. And so, for Mallay, even if a
working group is not successful in develop-
ing an approved standard, the fact that the

people in the group have gotten together
and communicated is a major benefit to
them individually and to the industry.

Another interesting feature of standards
that is rarely used in regulatory guidance
documents, is the use of the verb “may,”
which denotes “permission.” “May” allows
the use of a technique at the user’s discre-
tion. This is an added value of standards,

said Mallay, especially for those used to
help interpret or complement regulatory
documents.

Mallay explained the shift in approach as
due in part to the needs of industry. During
the last few years, there has been a signifi-
cant decline in the demand for ANS stan-
dards. To some extent, this reflects the ma-
turity of the industry
(and the fact that no
one is building
plants). Neverthe-
less, the Board also
had to consider
whether it was really
serving the interests
of the users. In look-
ing at that, said Mal-
lay, the Board deter-
mined that maybe
there were too many
inefficiencies in the
application of stan-
dards. Many were probably too prescriptive
and inflexible, he noted, and therefore
would not be used.

So, the Board turned to techniques be-
ing advocated by the Nuclear Energy In-
stitute (NEI) and the NRC—namely a per-
formance-based, risk-informed approach.
Mallay defined a performance-based re-
quirement as a required design objective
or operational behavior, including those
attributes that are necessary to verify that
the objective or behavior can be achieved.
A performance-based standard, he said, is
a standard that contains performance-
based requirements together with mea-
sures that can be used to assess the degree
to which the attributes can be achieved.
These measures of success can be qualita-
tive, quantitative, or some combination of
the two.

Prescriptive requirements, Mallay added,
have no flexibility and tell the user nothing
about why the rule was established. Perfor-

mance-based criteria
tell you why—that
is, makes the basis
for a criterion ex-
plicit—and provides
flexibility. But this
does not work for all
requirements. Usu-
ally only a portion of
a standard will be
performance-based,
he said, as there will
be many situations

where prescriptive criteria are necessary.
Standards based on performance-based cri-
teria are also expected to have a longer life
because the objectives, when stated prop-
erly, are not going to change as much as
prescriptive requirements might. Further-
more, they allow revisions more readily.

Finally, said Mallay, performance-based
requirements force people to work in “suc-

cess space,” not “failure space.” One is
never looking at a worst case, but at suc-
cessful performance, where there are more
opportunities.

Duke Energy, said Mallay, was recently
allowed to establish performance-based cri-
teria for the inspection and surveillance of
the new steam generators being put into its

Catawba plant. To deal with a number of
outstanding safety issues raised by the
NRC, the company proposed using a per-
formance-based approach, which the NRC
accepted. Mallay said he thinks that this is
a milestone in this area.

According to Mallay, the first ANS per-
formance-based standard (on the applica-
tion of PRA for making risk-informed deci-
sions on external events) came out about a
year ago. He also noted that ANS has de-
veloped a draft standard for low-power and
shutdown operating states, and plans to
risk-inform its standards on design criteria
for light-water reactors.

NRC pushing performance-based approach
Prasad Kadambi, of the NRC’s Office of

Nuclear Regulatory Research, has been ac-
tive in pushing ANS toward performance-
based standards. This approach, he said, ac-

cepts that nuclear
activities are rather
complex, with peo-
ple, systems, and in-
stitutions all interact-
ing for a common
purpose. In this case,
the common purpose
is safety.

Regulations, he
explained, deal with
higher-level, more

conceptual requirements, while standards
address the lower level, the nuts and bolts of
any activity. Traditionally, both have been
prescriptive, Kadambi said, with require-
ments and instruction very specifically laid
out. But recently, there has been a recogni-
tion of a need for change. In particular, said
Kadambi, prescriptive requirements lack
flexibility. They also have technological
implications in that sometimes conditions
are included in regulations that tend to
freeze technology, particularly if there is
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perception that there is only one way to
comply with the regulation. This may in-
hibit technological creativity.

Things have been changing, he said. In
1993, Congress passed the Government
Performance and Results Act. This legisla-
tion emphasizes outcomes rather than out-
puts; it makes agencies think whether they
are doing the right kind of work, rather than
just focusing on how well they are working.
The legislation also requires agencies to de-
velop strategic and performance plans so
the public would know what ultimate re-
sults they are seeking to bring about. An-
other piece of legislation (Public Law 104-
113) requires government agencies to think
about consensus standards in lieu of regula-
tory requirements.

Kadambi noted that the NRC issued the
first strategic plan (2000–2005) in 1999 and
the second is now in preparation (2004–
2009). It also issued a management direc-
tive explaining how staff can participate in
standards activities. These direct the staff
to consider performance-based approaches
as appropriate. In addition, NRC staff is-
sued NUREG-BR-0303, “Guidance for
Performance-Based Regulation,” in De-
cember 2002.

Kadambi asked the question: Why per-
formance-based standards? Basically, he
said that he believes that a new approach
is needed, particularly if the nuclear in-
dustry does experience renewed growth.
It is crucial, he declared, for working
groups to have the flexibility to consider
the best way to develop standards. They
can consider using performance-based or
prescriptive approaches as appropriate.
This, he said, promises a more efficient
development of standards once a learning
curve is passed: It offers more effective
application (particularly for new technol-
ogy), more economical maintenance, and
more equitable sharing of the burdens be-
tween standards developers and users.
Performance-based standards should also
last much longer. He commended ANS
for this initiative.

Unlike prescriptive requirements, he
added, the performance-based approach
also ensures that the focus is on those things
that are more important to safety, ensuring
that resources are applied where they are
most effective.

Over the last six or seven years Neil
Brown, of Lawrence Livermore National
Laboratory, has been involved at the work-
ing group level on a set of standards related
to seismic design of nuclear facilities. It was
only toward the end of the process, he said,
that the performance-based concept was
taken on board.

These new standards, not yet completed,
will replace an original set developed by
the Department of Energy for its nuclear
facilities, Brown said. During a revision,
the parties involved agreed to convert these

to approved national standards. The DOE
standards concerned natural phenomena
hazards (NPH)—that is, seismic, wind, and
floods. They start by categorizing certain
structures, systems, and components
(SSC), and then develop prescriptive rules
about how a design should address these
three natural phenomena. The original
standards had risk goals set in terms of
probabilities of safety consequences,
doses, and failures.

The safety community, Brown said, even
in the seismic area, is not eager to go to a
fully risk-informed standard in the sense
that the ability to estimate probabilities of
failures of SSC and to relate those to a dose
consequence, and so forth, is still limited.
The DOE standards are risk-goal based—
that is, they have clearly stated risk goals—
and the SSC categorization is based on a
specific set of risk goals. He said, however,
that the participants could not agree on the
desired risk goals for the new standard.
Brown explained that agreement was even-
tually reached on using a magnitude of “un-
mitigated” consequence of a failure as op-
posed to failure probability to define the
categories. And so, the categorization of an
SSC was determined by the unmitigated
consequence of its failure, not on the basis
of risks.

The final presentation was by Paul Fish-
beck, professor of Social and Decision Sci-
ences, and Engineering and Public Policy,
at Carnegie Mellon University, and direc-
tor of the univer-
sity’s Center for the
Study and Improve-
ment of Regulation.
He provided his ex-
perience from other
fields where risk-in-
formed and perfor-
mance-related rules
and standards are
applied. Perfor-
mance-based standards work well, he said,
when you can actually measure perfor-
mance. For example, consider how much
pollution comes out of a smoke stack. In
fact, he said, that can be measured, and cri-
teria set. Penalties, such as withholding
payments, can be applied if the criteria are
not met.

Other areas being discussed, however, in-
volve long-term, rare events, where perfor-
mance is difficult to measure, Fishbeck
said. If you are talking about fire safety, for
example, how do you measure that a build-
ing is fire safe? What criteria do you use to
base the performance of, for example, a
sprinkler system? Is it the amount of water
coming out in a certain time period?

A prescriptive standard, he noted, says:
Use this, put it here, make it this big. These
things can be checked very easily, he ob-
served, but performance-based standards
are much more complex.

He then raised the question of uncer-
tainty. A prescriptive standard almost ig-
nores uncertainty. Using a performance-
based standard is to admit that there is
uncertainty out there.

Fishbeck presented some examples to
show how complex the area of standards
can be. As other speakers had done before
him, he recognized that the work leads to
useful discussions among all interests and
develops a lot of understanding along the
way. There are methodologies that allow
you to address these concerns, “but [they
are] not for free.”

Water desalination
Over the next two decades, there will be

a 40 percent increase in water use around
the world, according to the International
Atomic Energy Agency (IAEA), and 33
percent of the world’s population—about 2
billion people—will be in absolute water
scarcity by the year 2025.

Currently, 1.2 billion people lack access
to potable water, and 2 million per year will
die due to water-related diseases. The fact
is that there isn’t enough fresh water on the
planet. The session, “The Use of Nuclear
Energy for Desalination,” explained nu-
clear’s role as an economical power source
for methods of water desalination—two of
which are distillation and reverse osmosis
(RO)—that have high-energy consumption
requirements and high hot-water production
costs.

The IAEA defines nuclear desalination
as the production of potable water from sea-
water in a facility in which a nuclear reac-
tor is used as the source of energy for the
desalination process. The facility may be
used solely for the production of potable
water, or dually for the generation of elec-
tricity and the production of potable water,
in which case only a portion of the reactor’s
energy output would be used for water pro-
duction. In either case, a nuclear desalina-
tion plant is defined as an integrated facil-
ity in which both the reactor and the
desalination system are located on a com-
mon site and energy is produced on site for
use in the desalination system.

Small and medium reactors are important
for desalination because the countries most
in need of fresh water often have limited in-
dustrial infrastructures and electricity grids,
explained Akira Omoto, director of the
IAEA’s Nuclear Power Division. Smaller
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reactors, he said, also are “more appropriate
for remote areas” unsuitable for connec-
tions to the grid.

Omoto noted that nuclear power plants
around the world have long been used for
water desalination. For example, Kazak-

hstan’s BN-350, a
liquid metal–cooled
fast-breeder reactor
that operated until
1999, was used to
produce electricity
and heat for desalina-
tion (approximately
80 000 m3 of water
per day) for 27 years.
And, currently, Pak-
istan’s Kanupp has a

small RO facility in operation and is build-
ing another desalination demonstration plant
on site to be commissioned in 2005. Mean-
while, India’s Kalpakkam has an experi-
mental facility in operation and another un-
der commissioning that is expected to
process 6300 m3/day.

Expanding nuclear’s role in the world’s
desalination process will include four chal-
lenges, he noted. First is economics, of
course, where the target for desalinating
water is $0.40 to $0.60/m3. Next is public
understanding. Then comes the issue of dis-
parity, meaning that nations having water
scarcity may not be holders of nuclear tech-
nology. Finally, in what is not directly a nu-
clear issue, infrastructure for distributing
desalinated water is necessary.

Roger Humphries, president of Canadian
desalinating company Candesal, said that a
message not heard enough is that water
shortages are quite often localized. In In-
donesia, for example, rain falls almost
every day during the rainy season. “But the
issue is a point of mal-distribution,” he said.

“The water is not where the people are. It’s
not accessible because it cannot be col-
lected and captured.” He added that Indone-
sia’s city of Jakarta and its surrounding rain
forests have some of the lowest availabili-
ties of safe, fresh water per person of any
place in the world.

As the world has a shortage of fresh wa-
ter, a growing problem is that salinity lev-
els of fresh-water aquifers are increasing.
“As we draw fresh water out of sources that
are nonrenewable, they get replaced by salt

water,” he said. “So, we’re finding what
used to be fresh water [in] a lot of aquifers
[now has] a salinity level reaching 1000,
2000, 2300 ppm, basically making it unsafe
to drink.”

Desalination solves problems in that, po-
litically, it keeps nations from “stealing”
water from one another, and, environmen-
tally, because it’s a “friendly” way for cre-
ating new sources of potable water, as no
fossil fuels are burned in the process,
Humphries said.

Si-Hwan Kim, director of the SMART
R&D Center of the Korea Atomic Energy
Research Institute, explained South Korea’s
plan for a SMART desalination plant.
SMART stands for System-integrated
Modular Advanced
ReacTor. The plant,
which is under con-
struction and is ex-
pected to be in oper-
ation in 2008, will
produce both elec-
tricity (90 MWe)
and potable water
(40 000 tons/day).

Ron Faibish, proj-
ect manager for nu-
clear desalination at
Argonne National
Laboratory, said that
potable water issues exist here at home in
the United States. “Drought conditions now
in the Southwest have increased dramati-
cally,” he said. News reports have claimed
that the drought in the West is the worst in
400 years. “We have big challenges in the
U.S.,” he added, “and they’re not just fo-
cused in the West. We have issues in the
East as well, and on the Texas coast.”

Population growth along coastal South-
ern California, Texas, and Florida has been

on the order of 20
percent in the past
decade, and for the
country as a whole,
60.6 billion addi-
tional m3 of potable
water per year will
be needed by 2020
for municipal and
light industrial uses.

The U.S. Bureau
of Reclamation, to-
gether with Sandia

National Laboratories, has developed a
roadmap for desalination in the United
States, he said. Published in 2003, the
roadmap declares that by 2020, desalination
and water purification technologies will
contribute to ensuring a “safe, sustainable,
affordable and adequate” water supply to
the United States. “These words are impor-
tant,” he said. “The terms affordable and
adequate—those are the ones I think have
to be first in term of securing the future of
the technology.”

The roadmap’s 2008 objective, he said,
is for desalination technologies to realize a
20 percent improvement in capital costs,
operating costs, and energy efficiency. By
2020, improvement in those areas needs to
reach 80 percent.

Those goals are ambitious because today
the cost of treating water in the United
States using a conventional (chemical)
treatment is about $0.10/m3. In Southern
California, reclaimed water from industry
costs about $0.60/m3. Brackish water de-
salination is between $0.26 and $0.79/m3.
For seawater desalination (the biggest op-
eration, in Tampa Bay, Fla., currently is
suffering problems, Faibish said), the fore-
cast is $0.55 cents/m3.

An “interesting factoid,” he said, is that
desalination in the United States could cost
$0.79/m3 ($3 per thousand gallons). “That
seems expensive, but the U.S. consumer is
paying an average of $2099 per cubic me-
ter for bottled water. When you put this into
perspective, [desalination] seems rather
cheap,” he said.

The latest on sump clogging
At the panel session “Hot topics and

emergent issues: Containment sump clog-
ging,” session chair and organizer Steve
Stamm, of The Shaw Group, opened with
an explanation of why sump clogging was
billed as a “hot topic.” Sump clogging, he
said, is something that boiling water reac-
tors had experienced that has now become
an important issue for pressurized water re-
actors. This session, he said, would cover
the problem’s background, describe the
methodology that is being used to resolve it,
and present some of the plant activities and
potential modifications being introduced.

Mike Marshall, lead project manager on
the issue at the Nuclear Regulatory Com-
mission, began with an overview of the
topic and the status of work on PWR sump
performance. According to Marshall, the
NRC’s primary concern is that the sump
screen is doing its job too well. The purpose
of the screen is to keep debris from damag-
ing pumps or blocking spray nozzles and
other components downstream. Retaining
debris smaller than the system is designed
to, he explained, results in excessive head
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loss that can affect operation of the pumps.
This is the same concern that the NRC had
with boiling water reactors.

There are also some secondary concerns,
such as the downstream effects of debris
getting past the screen, that might have an
impact on pump operations or accumulate
enough to affect cooling of fuel. These are
not the primary concerns, but the NRC
wants them taken into account when solu-
tions are considered or when evaluating the
adequacy of existing designs. But most of
the effort has been focused on head loss at
the screen and whether it affects operations.

Because of the variation in the materials
at individual plants, as well as the differ-
ences in the containment and layout of
screens, the NRC agrees with industry that
this is not a problem where one solution fits
all. Each plant will have to assess the situ-
ation and decide on appropriate action. One
thing that is becoming clear is that the ex-
isting license base for a number of plants
is probably insufficient and will need
changing.

Marshall explained that unlike BWRs, it
appears unlikely that every PWR is going
to have to implement a fix. But each oper-
ator will have to evaluate the situation and
decide if there is a problem that needs re-
solving, either procedurally or by a hard-
ware modification or some other means.
The evaluations will include: identifying
the different debris sources, particularly
those that would likely cause some clog-
ging; estimating the amount of debris gen-
erated; estimating the amount of debris
transported to the sump screen; and estimat-
ing what the head loss impact would be.

This issue first came up in the early
1980s, when the Advisory Committee on
Reactor Safeguards became interested to
see if air injection would have an impact on
the operation of the emergency core cool-
ing system (ECCS) pumps. The question of
debris came up later. Research undertaken
between 1980 and 1985 did not identify a
particular problem. While the NRC could
see some benefits in preventing entrain-
ment, they were insufficient for action to be
taken. In 1985, however, it recommended
that new plants and plants undergoing ma-
terial changes—such as of insulation—con-
sider the issue and provided some regula-
tory guidance.

In 1992, an event occurred at the Barse-
bäck BWR in Sweden, where the NRC’s
1985 guidance had been adopted. Based on
this, the plant had assumed that the ECCS
system would operate for a day or two be-
fore the strainers (screens) became
clogged. The incident occurred when water
was released into the drywell, taking a lot
of insulation with it. The clogging occurred
not within a day, but within an hour or two
of the activation of the emergency systems.
This was communicated to other regula-
tors, and investigations ensued that identi-

fied weaknesses with the guidance and the
underpinning research. This started a new
run of research around the world on sump
issues.

The focus at first was on BWRs because
there were three similar events in U.S.
plants, although not on the scale of Barse-
bäck. It eventually became clear that al-
though clogging would occur sooner in
BWRs than in PWRs, the weaknesses were
common to both reactor types. New work
undertaken identified weaknesses in the
previous correlations. In particular, the
fiberglass insulation debris was more like
“cotton candy” shreds than the “slices of
cake” that were used in the old research.
The shreds produce much greater head loss.
Furthermore, the fiberglass acted as a filter,
capturing small items that had been ex-
pected to pass through the screen, adding to
the head loss.

All the BWR stations introduced a com-
bination of fixes. These included minimiz-
ing debris sources, cleaning the suppression
pools, and increasing the surface area of the
sump strainers.

Soon after completing the work on the
BWRs, work on the PWRs started. From a
parametric study, the NRC staff concluded
that there was enough of a concern to war-
rant individual plant evaluations. NRC has
been working with the Nuclear Energy In-
stitute (NEI) since
about 2000 on de-
veloping a suitable
methodology.

The next speaker
was John Butler, se-
nior project manager
at NEI, which has
completed guidance
for carrying out a
sump performance
evaluation that is
now being reviewed
by the NRC. The guidance will help oper-
ators evaluate the situation at their plants
regarding debris generation, transport, and
accumulation on the screens and whether
there is adequate net positive suction head
(NPSH) margin available for ECCS recir-
culation. This effort, said Butler, is primar-
ily funded by the Westinghouse Owners
Group and coordinated by the NEI PWR
Sump Performance Task Force.

A draft sump performance evaluation
guidance document was given to NRC staff
in October 2003, and the final version was
submitted on May 28, just a couple of
weeks before the ANS Annual Meeting.
The review process should be completed
by this fall, with final approval expected in
October.

The end result of the evaluation guidance
is to determine the adequacy of the NPSH
margin, Butler said. The calculation is com-
plicated by the large number of phenomena
and uncertainties that need to be addressed.

These include:
■ Size and location of a postulated break.
Location is probably more important than
size regarding the potential debris gener-
ated.
■ Debris generation (quantity, types, size,
distribution). The orientation of the break
affects what debris is going to be generated.
Besides calculating the amount, it is neces-
sary to determine the size distribution of the
debris, which affects its transportability.
■ Debris transport and holdup. The “trans-
port media” is a combination of debris, the
containment spray, and washdown, all of
which determine the amount that collects at
the sump.
■ Debris deposition on screen and result-
ing head loss. The resulting head loss is
highly dependent on the types of debris de-
posited.

The guidance addresses the uncertain-
ties and complexities in a traditional con-
servative fashion. “It is a balancing act,”
Butler said. “I think I can say we have a
conservative methodology that is not too
conservative.”

He then described the basic evaluation
methodology, which starts with a baseline
analysis, a conservative first step in the
evaluation. Some plants can go through the
baseline and find that they have adequate
NPSH margin and can stop at that point. A

number of others will find that they do not
have adequate NPSH margin, and will have
to continue the evaluation process by refin-
ing the analysis in one or two ways: refine
their analytical methods to take out some of
the conservatism, or modify their design,
which may involve removing potential de-
bris sources, changeout of insulation (which
contributes most debris), or modifying their
screen design. The process continues until
an adequate NPSH is achieved.

NEI is now working with the NRC to try
to introduce a risk-informed option in the
methodology, acknowledging that the large
double-ended break, which would generate
the most debris, sump blockage, and head
loss, is a very low-frequency event. A risk-
informed option would allow more mean-
ingful breaks and conditions to be applied to
assess sump performance. The details of
such an option are now being discussed
with NRC staff.
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Sump performance evaluation methodology
More details on using the evaluation

methodology were given by Tim Andrey-
chek, of Westinghouse Electric Company.
Andreycheck has been working on the is-
sue for the last seven years, and is the lead
author of the NEI PWR post-accident sump
performance document. The purpose of the
methodology, he explained, is to provide a
consistent approach for utilities to perform
a conservative evaluation of their contain-
ment sump performance post-accident. An-
alytical refinements are also identified to
provide options for removing some of the
conservatisms.

The “baseline,” said Andreychek, starts
with plant specific information—basically a
scoping study or a first shot to see if there is
something to worry about. If the results are
acceptable, the issue can be closed out. If
not, the methodology provides a guide as to
how to proceed. This involves further
analysis and reanalysis, with possible de-
sign modifications. The process continues
until NPSH requirements are satisfied.

Andreychek provided an example of a
“baseline analysis” that took a very conser-
vative line. Regarding break size, the base-
line assumes a double-ended guillotine
break. For the break location, he deter-
mined the maximum debris generation and
the worst combination of debris to create
the biggest head loss. To determine debris
generation, a zone of influence (ZOI)—a

region around the break where the destruc-
tion of insulation and other materials oc-
curs—was defined. His baseline calcula-
tion assumed an unrestrained jet stream
from the break, which destroys the insula-
tion, forming debris.

Latent or resident debris (the dust and dirt
that collects) is not considered a major con-
tributor, Andreychek said, but has to be ac-
counted for. The baseline methodology pro-
vides an easy-to-use estimate of the
contribution. He mentioned, however, that
some plants power wash parts of their con-
tainment, which, although done primarily
for radiological purposes, also reduces the
amount of latent debris.

The head loss correlation being used,
based on a NUREG document, is a semi-
empirical correlation and provides for a con-

servative pressure-drop calculation. The ef-
fects of debris composition and material
properties are accounted for in the calcula-
tion. Andreychek described the “thin bed”
effect, in which a fibrous debris covers the
screens and captures particulates behind it.
This, he noted, was a particularly bad situa-
tion for BWRs, causing big pressure drops.

Andreychek also went into various ana-
lytical refinements to the baseline evalua-
tion. By replacing the conservatism with
more realistic condi-
tions, the amount of
debris generated can
be reduced, its trans-
portability lessened,
and the accumula-
tion and blockage of
the sump screens can
be decreased, lead-
ing to a better NPSH
margin.

Kenneth Ainger,
licensing manager at
Exelon Nuclear, is responsible for licensing
activities at the Byron, Braidwood, and
Three Mile Island-1 nuclear stations. He pro-
vided an operator’s perspective on this issue,
describing the evaluations that he will be per-
forming, some interim measures, and poten-
tial enhancements being considered to fully
resolve the issue, if necessary.

Ainger’s description of the different
sump/screen configurations at three plants

provided insight into
the real problems
that operators have
with this issue. For
example, both By-
ron and Braidwood
have two sumps that
are enveloped by an
outer screen. Over-
all, there are three
screens that protect
the suction lines to
the ECCS and con-
tainment spray sys-
tem. The outer

screen encloses the middle and inner
screens for both sumps. The outer screen
extends about 4 feet above the floor of the
containment, and the inner screen is in-
stalled below the containment floor inside
each sump.

As for potential debris sources, the main
containment insulation at Byron and Braid-
wood is reflective metal insulation. When
the steam generators at Byron-1 and Braid-
wood-1 were replaced, their insulation and
that of the associated piping were replaced
with fiberglass blankets, covered with stain-
less steel sheathing. The TMI-1 contain-
ment has about 600 ft3 of fibrous insulation.
Ainger also pointed out the problem of un-
qualified equipment coatings—for exam-
ple, the coatings on valve handles and reac-
tor coolant pump housings—as possible

debris. The baseline evaluations will look
at the reflective metal insulation, fibrous in-
sulation, coatings, tags, labels, and foreign
material. All of these potential debris
sources will be examined in light of the four
transport mechanisms: blowdown trans-
port; washdown transport; pool fill trans-
port; and recirculation transport.

For the sump screens, the initial evalua-
tion for Byron and Braidwood indicates no
concerns regarding structural integrity or ex-

cessive blockage. Byron-1 and Braidwood-
1, however, may not pass the evaluation in
light of the fiberglass insulation used on the
replacement steam generators. This might re-
quire an additional engineering analysis.
With the performance of ZOI evaluations at
the plants, Ainger noted, a risk-informed ap-
proach would probably provide benefits if it
is used to assess the consequences of the oc-
currence of a break at the steam generator
nozzles of the two reactors described above.

For TMI-1, the adequacy of the sump de-
sign may not pass the new evaluation, and
so some design change to the sump or to the
areas along the path to the sump may have
to be considered. Enhancements could in-
clude modifications to the floor to help di-
rect debris or prevent some pooling of wa-
ter. These have not yet been scoped, but
could be significant.

Ainger said that several interim measures
have been implemented to ensure the work-
ing of the ECCS while pursuing the long-
term resolution of the issue. The loss of re-
circulation capability has been addressed at
Byron and Braidwood in the emergency
procedures. Additional training for opera-
tors has been provided, including simulator
training. The company has strengthened the
foreign material exclusion and walkdown
procedures for the containment, and has en-
hanced the refueling outage surveillance
procedure for visual examination of the
sump screens. For TMI-1, the B&W Own-
ers Group guidelines for sump blockage
were implemented and training in ECCS
pump throttling criteria was provided to
avoid damage in the early stages of poten-
tial sump blockage. New procedures for
cleaning and inspecting drains inside the
containment have been implemented. The
existing refueling outage inspection proce-
dures for the sump screen were determined
to be adequate.
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Ainger said that they are also looking at
removing the fibrous insulation associated
with the replacement steam generators.

Regarding costs, Ainger estimated that at
Byron and Braidwood, Exelon will spend
about $3 million over four years to pay for
all the evaluations, including additional en-
gineering analyses, licensing submittals and
responses to the NRC Generic Letter (NN,
May 2004, p. 15), and some insulation
modifications. For TMI-1, the estimate is
high, at about $4.5 million over four years,
as some extensive modifications inside the
containment seem likely.

Safety culture
During the Tuesday afternoon “Safety

Culture” session, Joe Carson, a licensed
professional engineer and a nuclear safety
engineer for the Department of Energy, ob-
served that ANS’s bylaws, which he said
have remained constant since the beginning
of the Society 50 years ago, should be re-
vised. The bylaws, he noted, “[don’t] reflect
that ANS holds a public trust when devel-
oping standards of care for its members.” 

Carson, a former member of the ANS
Special Committee
on Ethics, stressed
that he wanted to see
ANS as “an organi-
zation that is flexible,
responsive to mem-
bers, and capable of
dealing with change.”

Change is neces-
sary, he said, because
ANS has evolved
since its creation a

half-century ago. “Fifty years ago,” he said,
“I don’t think ANS held a public trust, but
I think it does now today.”

Examples of that public trust include
ANS’s role in accrediting engineering
schools for nuclear engineering, and its
work in developing codes and standards
that are adopted internationally. ANS, then,
has “an important role with nuclear science
and technology in public policy,” he said.

Carson, who described himself as an
“eight-time prevailing” DOE whistle-
blower (as detailed on his Web site, <www.
carsonversusdoe.com>), noted that the
words “ethics” and “peaceful” and the
phrase “promote the professional interests
of its members” are absent from ANS’s by-
laws. And although the word “safety” is in-
cluded in ANS’s goals, the bylaws do not
include “any form of the word ‘safe,’” he
said.

Carson suggested that ANS modify its
bylaws, mission statement, and goals to
more clearly capture its identity as a profes-
sional society. He also called for all nuclear
engineers to be licensed by states, some-
thing that is a “distinguishing characteris-
tic” of members of such professions as
medicine, accounting, and architecture.

“Engineers, by and large, are not licensed,”
he said. “Well, why not?”

ANS’s new code
Vic Uotinen, chairman of the ANS Spe-

cial Committee on
Ethics for 2003–
2004, remarked that
ANS does have a
new Code of Ethics,
replacing an earlier
code dating back to
1973, which was al-
tered somewhat in
1984. The new code,
which was adopted
by the ANS Board
of Directors in 2003,
is more specific and comprehensive than
the earlier version, and it “reflects the ex-
pectation of a more conscious commitment
to professional ethics by ANS members,”
he said.

The new code also is at the same level as
the ethics codes of several other engineer-

ing societies, such as
the American Soci-
ety of Mechanical
Engineers, American
Institute of Chemical
Engineers, Society of
Civil Engineers, and
IEEE. “I think it’s
important for us to
realize that all of
these engineering so-
cieties, by upgrading

their codes of ethics, were in essence send-
ing a signal to their constituencies that we,
as professional societies, consider profes-
sional ethics to be important, and that we
consider upholding this higher code of
ethics, this higher standard, to be a true
mark of professionalism,” he said.

Uotinen gave examples of how the new
code is an upgrade over the older version.
The old code, for instance, said, “An ANS
member shall hold paramount the safety,
health, and welfare of the public in the per-
formance of their professional duties,”
while the new code says much more: “We
hold paramount the safety, health, and wel-
fare of the public and fellow workers to
protect the environment and to strive to
comply with the principles of sustainable
development in the performance of our
professional duties.” It also adds a new
paragraph: “We will formally advise our
employers, clients, or any appropriate au-
thority and, if warranted, consider further
disclosure, if and when we perceive that
pursuit of our professional duties might
have adverse consequences for the present
or future public and fellow worker health
and safety or his environment.”

Another example is in the area of acting
in accordance with applicable laws and
practices. Whereas the old code didn’t men-

tion this area at all, the new code says, “We
act in accordance with all applicable laws
and these practices, lend support to others
who strive to do likewise, and report viola-
tions to appropriate authorities.”

Ethics and competency
Ethics and competency are interrelated,

remarked Dwight Baker, who was making
a presentation for the absent William Cor-
coran, of Nuclear Safety Review Concepts.
Baker said that if anybody at Davis-Besse
had operated according to the ANS Code of
Ethics, the vessel head degradation could
have been prevented from becoming so se-
vere. “You can certainly say that if you saw
[the signs of degradation, such as piles of
rust that collected on a flange] and ignored
it, if you were the manager who would have
signed off saying ‘We don’t need to work
on that,’ if you were the outage manager
who shut down [a vessel head cleanup job
prior to the degradation’s discovery],
maybe then there should be an ethics com-
plaint filed,” said Baker, of Cumberland
Consulting. “But I’d put a dollar to a donut
that those people are not ANS members.”

Baker said that in many cases where
workers “behave badly at the technical

level, those technical
people are neither
professional engi-
neers nor ANS mem-
bers, with no require-
ment that they be.”
Further, he said, in
“about 99 percent” of
the cases where a 
nuclear professional
should be punished
for ethical misbehav-

ior, the management personnel who would
make those decisions are not ANS members.

As long as there is no requirement that an
engineer be licensed, society will think
“we’re just computer programmers, and we
really don’t affect their health and safety,”
he said. Without that public pressure, there
will be no incentive for companies to hire
licensed engineers, or have existing staff at-
tain licensing. Without licensing, there will
be no living up to a code of ethics. “It’s re-
ally a public education job, to impose a li-
censure requirement just like for doctors
and lawyers,” he said.
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A S T H E W O R L D’S nuclear energy
nations have come into greater
agreement on nuclear power’s

medium- to long-term future—the develop-
ment of “Generation IV” reactor designs,
the coupling of these designs to hydrogen
production, and the opportunity for actinide
burning to extend fuel resources, deter pro-
liferation, and reduce radwaste genera-
tion—many of the speakers at the 2004 In-
ternational Congress on Advances in
Nuclear Power Plants (ICAPP 2004) agreed
in their presentations to such an extent that
some of them apologized for repeating what
others had already said. ICAPP 2004—
which this year was embedded as a topical
meeting in the ANS Annual Meeting in
Pittsburgh (June 13–17)—included five ple-
nary sessions, and despite the organizers’
attempt to give each session its own unique
theme, some overlap was unavoidable.

Whether there will be enough trained
professionals in place if there is a sudden
demand for new nuclear power was much
on the minds of several speakers. Andy
White, of General Electric Nuclear Energy,
told a plenary session audience that 40 per-
cent of GE’s employees in nuclear fields
are within five years of retirement age. He
called for an industry-wide focus on devel-
opment of a larger talent pool of nuclear
expertise. The next speaker, Russ Bell of
the Nuclear Energy Institute, also included
the aging nuclear workforce as one of the
main challenges facing the industry now
(and not just in the future). The other chal-
lenges, in Bell’s view: keeping fuel eco-
nomical and reliably supplied; managing
materials at aging facilities; securing nu-
clear facilities (Bell said they were safe be-
fore 9/11, and are safer now, but this is a
very high-profile public issue); and provid-
ing spent fuel disposal. Bell acknowledged
the problem that had arisen with high-level
waste funding, in which the Bush adminis-
tration had expected to use money from the
Nuclear Waste Fund but Congress had not
authorized it (see page 113, this issue), but
said that the Department of Energy, “with
industry support, is pursuing legislation”
to assure adequate funding for the proposed
high-level waste repository at Yucca

Mountain, Nev., in the FY 2005 federal
budget.

Later in that session, Peter Lyons, of the
Senate Committee for Energy and Natural
Resources staff, spoke more pointedly about
the Yucca Mountain funding situation. He
said that the way the administration pre-
sented the bill, with only $131 million to be
appropriated in the FY 2005 budget and
$749 million presumed to be available from
the Nuclear Waste Fund, created “an im-
mense problem,” and led to only the $131
million being approved for Yucca Moun-
tain, nowhere near enough for the DOE to
remain on schedule to open the repository
in 2010. Lyons also said that the entire FY
2005 budget request was “an immense sur-
prise” to the committee, leading to concern
that nuclear research and development could
be undermined, and that the reformulation
of the Idaho National Laboratory might not
be given a “focus for success.”

At the second plenary, Steve Melancon,
of Entergy Corporation, echoed the concern
about Yucca Mountain, and the extent to
which the future of new power reactors in
the United States depends on resolution of
the high-level waste issue. “Yucca Moun-
tain needs to become a reality,” he said, “or
I don’t think any new nuclear plants will be
built.” Also during his address, Melancon
recounted the formation of NuStart Corpo-
ration (an industry consortium seeking De-

partment of Energy matching funds to ap-
ply for site approval, design certification,
and licensing of new power reactors), but
departed somewhat in his personal views
from the procedure announced thus far for
NuStart, in which approval would be sought
from the Nuclear Regulatory Commission
for two sites, as well as certification for two
reactor designs, but ultimately the construc-
tion/operating license (COL) would be
sought for a single reactor design at one site.
Melancon said NuStart should choose at
least one plant for the COL; he would like
to see enough money made available to pur-
sue both designs, and both sites.

With the meeting taking place in the
United States, and with so many recent de-
velopments in the U.S. nuclear realm, the
above topics and more like them drew a
great deal of attention during the meeting,
but ICAPP is indeed an international event,
and speakers from most of the world’s large
nuclear power programs reported on nu-
merous technical and programmatic devel-
opments. Their reports, like those from the
U.S., ranged from improvements on exist-
ing reactors to the many first steps being
taken toward the goal of Generation IV.

South Korea’s vision
Next year’s ICAPP will be held in Seoul,

South Korea, and there was a substantial
Korean presence at this ICAPP, both to pre-

50 N U C L E A R N E W S August 2004

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

Advances in Nuclear Power Plants (ICAPP 2004)

◆ South Korea aims for large H output 
by 2020

◆ European utilities judge next-stage
reactors

◆ MIT study on nuclear role in carbon-
constrained world

Baker said short of requiring licensing,
which is “really a big piece of work, and I
don’t know if it’s doable,” one way that a
plant can attain higher overall quality is to
provide long-term financial incentives to
company executives. “Think about it,” he

said. “Having the plant run well in the long
term is in the stockholders’ interest. So, there
may actually be a strategy that is doable,
from the business organization side of it.”

A case in point is that some ANS mem-
bers are utility executives with access to

compensation committees. These execu-
tives, he said, may “have some good ideas
on how to structure stock options that are
only exercisable seven years from now.”
—E. Michael Blake, Dick Kovan, Rick
Michal, and Nancy Zacha



sent papers and to promote the event in
2005. A table outside the topical’s largest
meeting room was stacked with brochures
on travel to Korea. The viewgraphs of three
of the five Korean speakers at the plenary
sessions had bands at the bottom reading:
“See you in 2005, ICAPP Seoul!”

During the first plenary, Joong-Jae Lee, of
Korea Hydro and Nuclear Power, traced the
development of nuclear power in South Ko-
rea, which is now sixth in the world in both
installed nuclear capacity and annual nuclear
power generation. He said that in some coun-

tries where nuclear power has been accepted
for some time, “challenges and new issues
are growing” (which could describe the
emergence of public opposition to nuclear in
both South Korea and Taiwan), and there is
a need for breakthroughs in technology and
cooperation within the nuclear community.
With 14 of South Korea’s 18 power reactors
achieving 2003 capacity factors above 90
percent, and the other four over 80 percent,
Lee asserted that outstanding performance is
the best way to respond to nuclear contro-
versy. As for technology breakthroughs, Lee
described the APR 1400 pressurized water
reactor being developed in Korea to supple-
ment and eventually replace the current gen-
eration of reactors; work has begun on the
first APR 1400, Shin-Kori-3, scheduled to
begin operation in 2011.

At the second plenary, Dong-Su Kim, of
Korea Power Engineering Company, de-
scribed the evolution of the APR 1400, the
latest step in the development of the nuclear
industry in South Korea—which has pro-
gressed over the past three decades from
turnkey projects through technology trans-
fer to indigenous advances. He said that the
current social environment (alluded to by
Lee) “requires unlimited safety” and “fault-
less and eventless operations.” He added
that in South Korea, as in the United States,
there is concern about the future supply of
trained personnel, as students are tending
not to pursue engineering. The belief that
public acceptance can exist only with per-
fect operation drew a comment from the au-
dience by Ted Rockwell, former technical
director of the U.S. Naval Reactors Pro-
gram. He said that one cannot convince the
public that there will never be an accident,
because one cannot reasonably make such a
claim. He advised that one should take the

position that the effects of any accident
would be mitigated, and rebut the argument
that exposure to any amount of radiation is
dangerous.

Chung-Won Cho, of South Korea’s Min-
istry of Science and Technology, extended
his country’s nuclear program into the fu-
ture during the third plenary, citing its pro-
posal for the System-integrated Modular
Advanced Reactor (SMART), for both elec-
tricity production and seawater desalination,
and participation thus far in Generation IV
projects. SMART is intended as a PWR

with the steam gen-
erator included in the
reactor vessel, offer-
ing enhanced safety,
economics, and en-
vironmental advan-
tages. For Genera-
tion IV and beyond,
Cho’s projections
were extremely am-
bitious, anticipating
a “waste-free and
pollution-free” nu-

clear fuel cycle with consumption of all ac-
tinides, and a timetable whereby South Ko-
rea would switch from fossil fuel to
hydrogen so quickly that nuclear energy
would produce 20 percent of the needed
hydrogen by 2020. Questioned about this
goal by an audience member, Cho said that
a 16-year program is now starting, aiming
at development of small-scale modular
gas-cooled reactors, but that wider appli-
cation was still under discussion, and the
20 percent goal should not be taken as a
firm commitment.

Jong-Hwa Chang, of the Korea Atomic
Energy Research Institute (KAERI), elab-
orated further on the 20 percent hydrogen
goal in his address at the fifth plenary. One-
fifth of the expected vehicle fuel demand
in South Korea in 2020 would require 8.5
billion barrels of oil per year, which could
be replaced by 3.3 million tons of hydro-
gen. KAERI’s anticipated demo nuclear
plant (a very high temperature gas-cooled
reactor, or VHTR) would produce about
30 000 tons of hydrogen per year, so at
least 100 plants of this capability would be
needed to meet the hydrogen goal. At the
same time, Chang said that security con-
cerns in South Korea—which still has a
hostile neighbor to the north—argue
against distributed nuclear-hydrogen facil-
ities, because of the potential for sabotage.
Therefore, the reactors—more than 100—
would be concentrated at a small number
of sites that could be guarded well.

New scheme in Europe
The lull in power reactor ordering in Eu-

rope has not been as long as that in the
United States, and with a new order placed
in Finland and another on the way in
France, it can be said that the lull is in fact

over. Still, plenty has changed in the decade
or so that elapsed, with moves toward the
opening of electricity markets and attempts
to normalize regulation. The old paradigm
of a state-owned electric utility ordering the
only design available from a state-owned
manufacturer is eroding, and one indication
of this is the development of European Util-
ity Requirements (EUR) documents, which
essentially tell manufacturers what the util-
ities want, need, and expect from power
plant hardware and services.

Gianfranco Saiu, of the Italian firm
Ansaldo, described the EUR process while
presenting a technical paper on the EUR
assessment of the Westinghouse AP1000
reactor design. The EUR effort began in
1991, with five utilities; six others joined
later. Along with expressing what the util-
ities wanted, the documents provide bases
for harmonization of safety approaches and
targets, design standardization and objec-
tives, equipment specifications and stan-
dards, and information for safety, reliabil-
ity, and cost assessment. In 1997, the effort
enlarged so that each document included a
Volume 3, which compared a specific re-
actor design against the requirements.
(Volume 1 includes nuclear island require-
ments, and Volume 2 covers balance-of-
plant.)

Development of a Volume 3 for the
AP1000 was based on previous work on ad-
vanced Westinghouse designs. Saui noted,
however, that while the utilities’ team was at
work on this volume (the process can take
years), Westinghouse moved on from the
design. Saiu said that although the AP1000
was driven by U.S. market considerations,
it had incorporated lessons from EUR work
on earlier designs, including a low-boron
core. As things stand now, the AP1000 is
slightly out of compliance with EUR, both
in technical areas (the cooldown time is
longer than what the EUR prefers) and in se-
mantics (whether it is preferable to state that
radiation exposures shall be as low as rea-
sonably achievable, or are as low as reason-
ably achievable). There will be more meet-
ings intended to resolve the differences.

Pierre Berbey, of Electricité de France,
spoke at greater length on the EUR’s place
in the evolving power generation environ-
ment in Europe. Even with efforts like
EUR intended to normalize agreement on
basic principles of safety and operation,
the differing regulatory schemes of indi-
vidual countries can work against stan-
dardization and increase costs. Berbey said
that there should be common “rules of the
game.” He noted that the Western Euro-
pean Nuclear Regulator’s Association is
working to define reference safety ap-
proaches that could become common to all
nuclear power nations in Europe. Berbey
also noted a number of non-nuclear chal-
lenges now faced by electricity organiza-
tions in Europe, such as the synchroniza-
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tion of the western European transmission
grid with bordering nations like Poland
and Romania. In the end, Berbey said that
the EUR effort will try to deliver docu-
ments supporting four to six standard re-
actor designs; along with AP1000, EUR is
also doing Volume 3 work on the AES92,
an advanced version of the Russian VVER
water-cooled reactor.

A carbon-constrained world?
During the fifth and final plenary, Ernest

Moniz, of Massachusetts Institute of Tech-
nology (MIT)—who described himself as
neither pro- nor anti-nuclear—presented re-
sults from a 2003 MIT study on what might
happen if there is a significant worldwide
adoption of new nuclear power. (The study,
headed by Moniz and John Deutch, is posted
online at <web.mit.edu/nuclearpower/>.)
The study looked at the presence of a ter-
awatt of nuclear capacity in place by 2050
(for comparison, the current worldwide nu-

clear capacity is less
than half a terawatt).
Moniz said this does
not seem possible
without the emer-
gence of a “game
changer” that would
make nuclear the pre-
ferred choice for de-
cision makers and the
public. He said that
global warming ap-

pears to be the strongest candidate to be the
game changer. He said that if the only way
to prevent a self-reinforcing rise in the
greenhouse effect is to make this a “carbon-
constrained world” by reducing carbon
dioxide emissions, nuclear power and all
other nonemissive options would be needed,
and may not be enough.

Moniz said that a new, nonamortized nu-
clear plant with no federally backed financ-
ing cannot currently compete with coal- and
gas-fired generation (with CO2 not taken

into account). Not only must plant capital
cost be reduced, but a series of plants would
have to be built on budget and schedule to
show that financial risk is not excessive.
The MIT study concluded that there would
have to be tax incentives for the “first
movers,” who ordered roughly the first 10
reactors.

If the world is carbon-constrained, Mo-
niz said, the obligation to reduce emissions
would fall hard on the power industry.
Manufacturers that emit CO2 can be moved
offshore—in an observation specific to
Pittsburgh, he noted that Alcoa is moving
all aluminum production to Trinidad—but
power plants must remain connected to the
home nation’s grid. Moniz added later that
there will likely emerge a formal “cap-and-
trade” system of incentives for carbon
emission, started by the power industry in
return for a rational, stable system of fed-
eral oversight.

Moniz said that even if the openly estab-
lished “fuel cycle states” have 80 percent
of the expected nuclear generating capac-
ity, that would leave 200 gigawatts in other
nations, raising nonproliferation concerns.
Incentives to prevent rogue states from de-
veloping independent nuclear capability
would have to include not only assured fuel
supplies, but also spent fuel removal,
which means resolution of high-level waste
problems worldwide. Moniz said that it
would be necessary for spent fuel to be
stored for 50 to 75 years, despite what he
termed the industry’s “religion” of fuel cy-
cle closure. He noted that the expected car-
bon emission mitigation cost for fossil gen-
eration would be at least $50 per ton of
carbon, or $8 per megawatt-hour, which is
far more than all expected fuel and waste
costs for nuclear—so carbon constraint can
become an incentive for nuclear, in full
compliance with the Non-Proliferation
Treaty.

Although the MIT study looked at a large
addition of nuclear power extending to mid-
century, Moniz was dubious of a major
prospect used recently to argue in favor of
advanced nuclear power: hydrogen produc-
tion. He said that significant use of hydro-
gen as a fossil-fuel substitute “may be
decades away at a minimum . . . we’re all
getting carried away” on hydrogen’s likeli-
hood of displacing oil use. He advised the

audience not to lose
sight of the scale of
what would have to
be done (as had been
shown in the Korean
presentations re-
ported above). He
called hydrogen “in-
trinsically inferior”
to petroleum, and
said that nuclear
power should con-
tinue to be presented

as an electricity option, with no attempt to
oversell hydrogen.

Other presentations
There were occasional moments at ICAPP

2004 when it seemed that two U.S. reactor
designs—Westinghouse’s AP1000, and
General Electric’s ESBWR—were being

compared to one another. These are the de-
signs chosen by NuStart for certification, and
(despite Steve Melancon’s position) appar-
ent competition. Thus, fairly or otherwise,
the designs are now seen as linked, and in a
race that would end with one being the pre-
ferred choice and the other at least having to
wait. Atam Rao, of GE, in his presentation
to the second plenary on ESBWR, described
this reactor as having a capability of 1550
MWe (the AP1000 is currently rated at 1117

MWe), and said that
it will use compo-
nents similar to those
already being made
for the ABWRs com-
ing into service. He
admitted, however,
that the ESBWR is
not as far along as the
AP1000, which he
said is “two years
ahead of us” in the

design completion and NRC certification
processes.

In a session on the Very High Tempera-
ture Reactor (VHTR), which is the princi-
pal Generation IV design being pursued in
the United States, Phil McDonald, of the
Idaho National Engineering and Environ-
ment Laboratory, reported on a point de-
sign study that compared pebble bed core
design to the “block” design, with fuel and
moderator in parallel vertical blocks. He
said that he would not choose one over the
other, but concluded that fuel cycle costs
would appear to be lower for pebble bed
than for blocks. In the next paper, Yasushi
Muto, of Tokyo Institute of Technology—
working from different design assump-
tions—found that a cooling system that al-
lowed for horizontal as well as vertical
flow could help reduce some of the draw-
backs associated with pebble bed cores.
This flow pattern offers a 2 percent im-
provement in thermal efficiency and 5 per-
cent less core pressure drop, allowing the
maximum fuel temperature to be as low as
1110 °C.

Perhaps the most inopportune turn of
phrase at the meeting came from Norbert
Frischauf, of the European Space Agency’s
(ESA) European Space Technology Center,
who chaired the session on nuclear power
and propulsion systems, and opened it with
remarks on European perspectives on the
topic. After concluding that Europe should
work on materials and other support issues,
and decide later whether ESA should enter
reactor development, he said that it was
necessary to “go back to the classroom” to
educate the public on nuclear materials used
in spacecraft—to actively provide informa-
tion, “and not let it fall down from the sky.”
Whether a nuclear spacecraft would fall
down from the sky is, of course, exactly
what the public would worry about.—E.
Michael Blake
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T H E A M E R I C A N N U C L E A R Soci-
ety gathered June 13–17 in Pitts-
burgh, Pa., for its 50th anniversary

at a moment when memories of the ori-
gins of ANS—the aftermath of President
Eisenhower’s “Atoms for Peace” initiative,
and the numerous possibilities foreseen for
bringing nuclear science and technology to
applications for the benefit of all human-
ity—could be accompanied by optimism
for the short- and long-term future of the
field. The theme of the meeting was A
Golden Anniversary—A Golden Opportu-
nity, and although during the second half of
the Society’s existence no power reactor or-
ders have been placed in the United States,
the 1073 attendees who gathered in Pitts-
burgh in mid-June could look to a new re-
actor order in Finland, a likely order to fol-
low in France, the U.S. nuclear industry
consortia preparing to test the new system
for licensing, and signs of more favorable
public attitudes toward new nuclear plants
as indications that a nuclear power renais-
sance might occur in the United States early
in the Society’s second half-century.

The memories of the first half-century,
and the accomplishments of ANS and the
nuclear community, were evoked during
the 50th Anniversary Banquet on Sunday
night, the first official event of the meeting.
Susan Eisenhower, granddaughter of for-
mer President Dwight D. Eisenhower and
president of the Eisenhower Institute, gave
a presentation in which she noted the appro-
priateness of Pittsburgh—the birthplace of
commercial nuclear power generation—as
the location of ANS’s anniversary meeting,
and thanked the Society for helping to
transform her grandfather’s “Atoms for
Peace” vision into reality.

Following her talk, she introduced John
Simpson, ANS past President (1973–74)
and honorary chair of the meeting, and pre-
sented him with an ANS Presidential Cita-
tion for his lifetime of achievements. Simp-
son’s talk provided insight into the sense of
adventure that existed at the dawn of the nu-
clear age, and into what it was like to be one
of the nuclear pioneers. He related firsthand
stories about important figures of the early
times, and conveyed the excitement of those

who took nuclear through the transition
from wartime use to commercial power gen-
eration. He was one of 19 ANS past Presi-
dents in attendance at the dinner, where they
and the Society’s other previous leaders
were honored for their contributions.

Seizing opportunities
Speakers at the opening plenary session

on Monday morning touched on the meet-
ing’s theme, but tempered slightly their as-
sessment of the opportunities for nuclear

development in the coming years.
While all agreed that ANS, and nuclear

professionals in general, can do much to
seize the opportunities and broaden the ben-
efits to the nation and world from nuclear
energy, they made it clear that real progress
depends also on developments outside the
nuclear community, in the political and
public arenas. The consensus was that a nu-
clear renaissance is possible, and may be
becoming more likely, but can occur only
if issues such as high-level waste disposal
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◆ Nuclear renaissance possible, if issues
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◆ TMI-2 changed how the industry 
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◆ Shift is away from prescriptive standards

◆ Nuclear desalination faces several
challenges

◆ Not just one solution to sump clogging 
at PWRs

◆ Improvements suggested to upgrade
safety culture



are resolved fully.
The early part of the session focused on

ANS matters. Joe Colvin, of the Nuclear En-
ergy Institute, presented the Henry DeWolf
Smyth Nuclear Statesman Award—a joint
award of ANS and NEI—to former ANS
President and Nuclear Regulatory Commis-
sion Chairman Joseph P. Hendrie. Stephen
R. Tritch, of Westinghouse, a general co-
chair of the meeting, read a letter from Pres-
ident George W. Bush congratulating ANS
on its 50th anniversary. Then the other meet-
ing co-chair, Gary Leidich, of FirstEnergy
Nuclear Operating Company, presented a
video that pointed out some of the nuclear
community’s many roots in the Pittsburgh
area: the original power reactor at Ship-

pingport (both as a
light-water reactor
starting in the 1950s,
and as a light-water
breeder reactor start-
ing in the 1970s), and
the nearby two-unit
Beaver Valley plant
in operation today.

Leidich then pre-
sented the plenary
speakers. Sen. Larry

Craig (R., Ida.) was unable to attend in per-
son, because the various memorial services
for the late President Ronald Reagan in
Washington, D.C., during the previous
week had forced legislative business to be
rescheduled; he sent a videotape in which
he explained that work on defense high-
level waste appropriations forced him to re-
main in the capital. (Technical glitches in
the video, and Craig’s largely off-the-cuff
remarks, supported the impression that
Craig had indeed changed his plans sud-
denly and made the video only as a last re-
sort.) Craig said that there was still a “slim
but outside chance” that comprehensive en-
ergy legislation could be passed by Con-
gress before this year’s election. He noted
the public’s reaction to this year’s rise in
gasoline prices, and said, “This reality
check . . . may well jar Congress into ac-
tion.” He added that any serious push by the
federal government for new energy sources
would include a large nuclear component.

Current NRC Chairman Nils J. Diaz
joined in the celebratory mood of the ses-

sion, praising nuclear
pioneers (including
past ANS Presidents)
for the legacy they
have left, including
power reactors and
other nuclear facili-
ties now in opera-
tion. But he said that
the technology’s
safety record “is not
to be taken for

granted,” and the prolonged outage at
Davis-Besse (and the discovery there of an

eroded cavity in the upper vessel head)
should serve as a wake-up call. He noted
that the Three Mile Island-2 accident in
1979 forced a realignment of the nuclear in-
dustry, and an awareness that a problem at
one plant can reflect on all others. Diaz en-
dorsed the prescriptive approach to regula-
tion in use at the time, but said that several
hundred reactor-years of additional operat-
ing experience, and the development of risk
analysis techniques, have made it possible
for regulation to become more risk-in-
formed and performance-based. Also, rais-
ing an issue that would be revisited by
many other speakers
at the meeting, Diaz
noted that the new
generation of profes-
sionals entering the
nuclear fields is not
large enough to re-
place the retiring pi-
oneers, and said that
ANS is “never more
needed than today”
to assure an abun-
dant supply of qual-
ified personnel.

Pittsburgh was also important in the de-
velopment of the nuclear Navy, through the
Bettis Laboratory. Thomas H. Beckett,

deputy director of
the Naval Reactors
Program, summa-
rized the program to
date, noting that it
has logged more
than 130 million
miles of submarine
travel without a sin-
gle accident, health
impact, or instance
of environmental

damage. He credited this record to the core
values established by the program’s
founder, Adm. Hyman Rickover: technical
excellence and competence, meritocracy,
acceptance of complete responsibility,
training of and challenge to all personnel,
firm authority, and total commitment to
honesty, safety, and environmental stew-
ardship. Beckett also noted that unlike in
the civilian power sector, naval reactor or-
dering has not paused, with new orders
placed in the 1980s, 1990s, and since 2000.
Later this year, he added, the first Virginia-
class submarine will be commissioned,
with a core intended to last for the whole
33-year life of the craft.

Kingsley’s seven points
Next to speak was Oliver D. Kingsley,

Jr., chief operating officer of Exelon, with
remarks that were to be cited and quoted
frequently by other speakers for the dura-
tion of the meeting. Kingsley recalled that
five years earlier he had told a reporter that
a nuclear renaissance was approaching, and

said he believes that it is now in its early
stages—but does not
have an assured fu-
ture. After summa-
rizing the activities
to date of the NuStart
consortium, of which
Exelon is a member,
and its plan to apply
for site approval and
a construction/oper-
ating license even
though none of the

NuStart partners currently intends to order

a reactor, he listed seven preconditions that
would have to be met before new plants
would be built:
■ The market must create a demand for
more power. Kingsley noted that there have
been about $50 million in losses from “mer-
chant” plants, built as speculative invest-
ments with traditional rate-base inclusion,
and this environment won’t support nuclear
plants. Reserve margins are declining, how-
ever, and Kingsley said that with 90 percent
of all recent generation additions being gas-
fired, there has been an adverse effect on
the price of gas in the fuel’s traditional mar-
kets, like fertilizer and home heating. He
said that the price of gas in four major Ex-
elon regions translates to electricity costs in
excess of $50/MWh for that fuel.
■ Someone, preferably a utility CEO, must
lead the way, perhaps risking the presumed
ire of the financial community by showing
a clear intent to build a new nuclear plant.
Kingsley cited the late William Lee, of
Duke Power Company, as an example of
the kind of leader who would be needed.
■ There must be new, deliverable technol-
ogy—not experimental, but already able to
provide “operational comfort.” The ABWR,
for instance, already has operational expe-
rience. The certification of the AP1000 and
ESBWR may satisfy this condition, from
the standpoint of NuStart.
■ There must be regulatory predictability
and stability. Kingsley said that he thinks this
is in place now as far as reactors are con-
cerned, but said that it would be difficult to
announce new orders unless another regu-
lated project—the proposed high-level waste
repository at Yucca Mountain, Nev.—is de-
termined to be a licensable site.
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■ Acceptable financial returns must be
available. Kingsley said that construction
cost is a major concern, and there should be
financial incentives for “first movers” who
would make their commitments before
economy of scale and proven performance
could make reactor ordering more attrac-
tive. He noted that there is currently 10
times as much federal funding for fossil and
renewable energy as there is for nuclear.
■ The infrastructure to design and build
power reactors must be reestablished. He
recalled attending a World Association of
Nuclear Operators meeting in Osaka, Japan,
and wondered if there were more nuclear
construction capability around Osaka Bay
than in all of the United States. He said the
issue is not just whether there are enough
engineers and university nuclear programs,
but whether craft workers, technicians,
training programs, and apprenticeships will
be in place.
■ There must be public confidence in nu-
clear power. Kingsley exhorted nuclear
professionals to quit apologizing and pro-
claim the progress of power reactors. Re-

turning to the financial state of the elec-
tricity industry in general, he noted that
since the start of 2002, the Dow-Jones util-
ity index was down 13 percent overall, but
the stock prices for nuclear plant owners
had risen, and the six utilities that have
bought power reactors from other utilities
are up 65 percent. He added that the nu-
clear industry will not be able to tolerate
poorly performing reactors anywhere in
the country. “If you’re not getting better,”
he concluded, “you’re certainly moving
backwards.”

The final speaker was Luis E. Echávarri,
director-general of the Organization for
Economic Cooperation and Development’s

(OECD) Nuclear En-
ergy Agency. He
said there are now
more than 10 000 re-
actor-years of expe-
rience worldwide,
but OECD countries
are growing more
dependent on energy
from unstable re-
gions of the world.
He said that the Ky-

oto treaty on carbon dioxide emission lim-

itation is an important aid to nuclear devel-
opment, and cited as an example the order
for the Olkiluoto-3 reactor in Finland a few
months earlier.

There remains, however, great uncer-
tainty on upcoming energy choices in many
nations. Echávarri said that countries accus-
tomed to command-and-control decision-
making are being forced to learn about the
workings of the market. He also mentioned
the Generation IV international forum, with
11 countries working on six advanced reac-
tor concepts, as a way for the worldwide nu-
clear community to help advance the tech-
nology to newer systems and a gateway to
the hydrogen economy.

Questions for the panel
In the ensuing panel discussion, Leidich

asked Kingsley how ANS could help meet
the seven preconditions. Kingsley replied
that the Society and its members could help
uphold nuclear education, stress positives
in public debates, and serve as a common
ground for the whole nuclear community.

Kingsley’s call for a CEO to lead the way
in plant ordering
prompted a question
from the audience
by former ANS
President Andrew
Kadak, who asked
Kingsley if he were
volunteering. Kings-
ley (Exelon’s COO,
not CEO) said only
that Exelon is will-
ing to make a sub-
stantial investment

once other needs are met—especially re-
garding Yucca Mountain.

On the same topic, Kingsley was asked
about a recent statement by Dominion En-
ergy CEO Thomas Capps, that the utility
consortia have “unrealistic” ambitions (NN,
July 2004, p. 12), and whether Kingsley
saw NuStart evolving eventually into an en-
tity that would order, build, and operate
new reactors. On the Capps statement,
Kingsley acknowledged the awareness of
financial risk that gave rise to it, and said
that NuStart is nowhere near the point of
considering an order, but added that it
would be worthwhile for several utilities to
be involved, and share the accompanying
risks.

To an extent, the panelists were chided
by audience members for limiting their
near-future focus. One questioner said that
economy of scale argued for resuming con-
struction with more than one reactor;
Kingsley said that the first step had to be the
establishment of a single reactor project,
and that if it went as intended, others would
follow. “My heart says eight,” he said, “but
my head says one.”

Another questioner wondered whether
the addition of new reactors would put a

strain on the uranium
supply in the once-
through fuel cycle
now in place, and
whether nuclear
could expand with-
out breeder reactors.
Tritch responded that
the focus should stay
on what’s needed to
resume reactor or-
dering, and that it

would be unwise to push for breeders.

TMI-2: The lessons learned
It was 25 years ago in March that the

commercial nuclear industry learned that it
was fallible. In the aftermath of the accident
at Three Mile Island-2, the industry made
changes in almost all aspects of how it did
business, from education and training and
plant operations, to regulatory oversight,
and brought the phrase “lessons learned”
into the nuclear lexicon. The Monday after-
noon session at the ANS Annual Meeting,
“Twenty-five Years After TMI-2: Lessons
We Need to Remember,” took a look at
some of those changes and asked the ques-
tion: Are we starting to forget why we made
these changes in the first place? The session
was organized by Jim Byrne, of FirstEnergy
Nuclear Operating Company, sponsored by
the ANS Decommissioning, Decontamina-
tion and Reutilization Division, and
cosponsored by the Education and Training
Division and the Operations and Power Di-
vision.

Bob Long was a vice president at TMI
operator GPU Nu-
clear when the acci-
dent occurred. With
the accident now 25
years in the past, he
felt compelled to re-
mind the session au-
dience just how dev-
astating the accident
had been for the re-
actor and the com-
pany that owned and

operated it. As he noted, the reactor core
was destroyed, with 70 percent of the fuel
damaged and more than 50 percent of it
melted; a million gallons of highly contam-
inated water collected in the reactor and
auxiliary building basements; a large vol-
ume of krypton gas accumulated in the re-
actor building; and local residents suffered
considerable mental stress and local busi-
nesses suffered economic losses. And be-
cause of the high levels of radioactivity af-
ter the accident, much of the damage would
remain unknown for many more years.

The full picture of just how damaged the
reactor was began to emerge in 1986, Long
said. The first images of the shattered fuel
rods, the molten mass at the bottom of the
vessel, the melted instrument tubes, remain

Long
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“burned into the memory of everyone in the
power business,” Long commented. In ad-
dition, as reported in 1993, accident ana-
lysts eventually determined that a square
meter section at the bottom of the reactor
vessel reached 1100 °C, which is consid-
ered white hot. Nonetheless, the vessel did
not rupture.

The social consequences of the accident
were equally dramatic, Long said. Although
there were no deaths or injuries, the plant
was ruined, never to operate again; it took
a billion dollars to clean up the mess; ad-
joining TMI-1 was shut down for more than
six years; GPU was driven to the edge of
bankruptcy (its stock dropped from $18 a
share before the accident to just over $3);
the public emotion about the accident re-
mained intense, with people still express-
ing concern about living near TMI; and bil-
lions of dollars were spent worldwide to
improve plant safety and performance.

Tony Barratta, professor emeritus at
Penn State Univer-
sity, discussed the
accident’s impact on
nuclear engineering
education. Prior to
the accident, nuclear
engineering educa-
tion programs had 
remained somewhat
static, but not long
after the accident,
enrollments began to

increase—driven, Barratta said, by a re-
sponse to the challenge of making nuclear
energy safer, especially among the better
students. This increase, however, was short-
lived, especially after the 1986 accident at
Chernobyl disillusioned students who
thought things had changed and as the 
“cyber revolution” enticed the cutting-edge
students away.

Today enrollments are again increasing,
but the ability for the nation’s universities to
respond has decreased. Only 27 university
reactors remain operational. Today’s fac-
ulty members often lack a depth of under-
standing (few have power reactor experi-
ence, Barratta said). Many programs have
merged into more traditional engineering
fields (mechanical, electrical, etc.), which
can create problems for nuclear engineer-
ing education because the traditional pro-
grams often do not provide the emphasis on
safety that the specialized programs have.
Most important, Barratta concluded, indus-
try support has been lagging, and industry
especially does little to support faculty re-
search, an area that universities still find
valuable.

Changes in training, operations
TMI also changed the face of nuclear

training forever, noted Jane LeClair, from
Constellation Energy’s Nine Mile Point nu-
clear station. At TMI, she said, operators

were faced with a situation they had never
seen before, were working with confusing
procedures, lacked a fundamental knowl-
edge of the reactor workings, and had no
knowledge of lessons learned from previ-
ous operating experiences at other plants.
Among nuclear utilities, prior to 1980, op-
erator training was considered a minor
function, and training staffs were poorly
funded and inadequately staffed.

After TMI, the industry worked quickly
to fill the training void. In May 1982, the In-
stitute of Nuclear Power Operations (INPO)
established an accreditation program for the
industry, and the industry responded by
preparing its training programs for accredi-
tation. The U.S. Nuclear Regulatory Com-
mission endorsed the INPO accreditation
program in March
1985, and issued a
training rule in April
1993 that recognized
industry’s training
and accreditation ef-
forts. And the Amer-
ican Nuclear Society
developed standards
for training and qual-
ification of nuclear
plant personnel.

More specifically,
she said, the industry systematized its train-
ing program; increased eligibility require-
ments for senior operators and operators;
added training in heat transfer, fluid flow,
and thermodynamics; increased training
emphasis on reactor transients and on mit-
igating core damage; and toughened NRC
licensing examinations. Finally, plant-spe-
cific simulator training became the norm for
all operator training.

Changes in plant operations were ad-
dressed by Pete Sena, operations manager
at Beaver Valley. “It’s all about people
these days,” he said, and “managing people
is tough.”

Sena outlined the way an “effective or-
ganization” looks at operations. Among the
highlights: an emphasis on people, and
“ownership” by employees and unions of
the tasks they are assigned to do; an em-
phasis on constantly improving perfor-
mance; team benchmarking with other
plants; and high expectations. For exam-
ple, an effective organization looks at a
“near miss” as a failure, and constantly re-
views minor slips. A less effective organi-
zation, on the other hand, might look at a
near miss as a success, because, after all,
nothing bad happened.

At Beaver Valley, every job is briefed
prior to the job and afterwards. Lessons
learned are saved and incorporated into fu-
ture procedures. “Peer checks” provide a
second set of eyes for every action. Sena ad-
mitted that industry is split pretty much
50/50 on peer checks, but he feels that they
serve a valuation function. “If you do it right

the first time as a result of a peer check, ul-
timately your productivity goes up.”

A dedication to following procedures is
another important aspect of operations at
Beaver Valley. “We have procedures for
following procedures,” Sena laughed. But
by emphasizing procedures, he said, “oper-
ators stay in ‘rule-based land,’ and don’t go
into ‘knowledge-based land.’”

Regulations and response
The accident brought a new world view

to the NRC, noted David Matthews, direc-
tor of the agency’s Division of Regulatory
Improvement Programs. In addition to a raft
of new regulations, the accident brought
about an increase in opportunities for the
public to make their opinions known dur-

ing the regulatory process. This provided a
sea change in the utility world, where the
prevailing attitude had been that it’s best if
no one knows about them. Even today, he
said, some utilities still look at the public
process as an intrusion, but the NRC is
committed to the change.

One problem the NRC still faces is “con-
necting the dots” from previous experi-
ences, because there are still roadblocks to
data sharing. Can we use INPO experience
or is it confidential? Some foreign countries
may not want to share experience that might
reflect badly on them. In many ways,
Matthews said, we face the same problems
as the many entities of the intelligence com-
munity—that is, whose data is it, anyway?

In subsequent discussion, Long men-
tioned one other area of improvement:
emergency response. There was no such
thing as an effective emergency response
program when TMI happened, he said. In
those pre-cell-phone days, there were no
telephones for reporters to call in their sto-
ries (the only telephone was in the control
room, Long commented, and it had been
“off the hook” since the accident), no
trained briefers, no equipment or supplies
for briefers or reporters. “We had a trailer
with no furniture, no pencils, no paper,
nothing,” Long said.

Today, 25 years later, the good perfor-
mance of today’s nuclear plants is testament
to the effectiveness of the post-TMI im-
provements. But “continuous vigilance” is
needed, Long cautioned. Indeed, he noted,
things are not as good as you would like

Barratta
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them to be, and they are not in an improv-
ing trend. For example, significant events
increased 40 percent in 2003; forced shut-
downs during the first 10 days after a refu-
eling outage have increased; and since
2000, there has been a 27 percent decrease
in the number of plants in INPO’s “excel-
lent” category. And, Long concluded, the
recent issue of the corroded reactor head at
Davis-Besse proves that the industry must
remain vigilant, and must never forget the
lessons learned from this country’s worst
commercial nuclear accident.

Realism: Set the record straight
In the ANS President’s Special Session,

Realism in Evaluating Nuclear Hazards,
outgoing President Larry Foulke said that

one of ANS’s priori-
ties is to be a source
of credible informa-
tion on science and
technology. A criti-
cal issue that needs
to be put right in this
regard, he said, is the
discrepancy between
the apocalyptic de-
piction of a nuclear
accident and the

demonstrated scientific facts. As members
of this Society, Foulke said, “we have a re-
sponsibility to correct this.”

ANS, he added, “should take a leadership
position” on this issue, and he added his
hope that this session would mark a step
along the way. The speakers, said Foulke,
would be describing how conservatisms in
the models, methods, and input have led to
calculations predicting that there would be
high levels of cancer fatalities and risk, and
would show that these conservatisms and
the results of the calculations have no basis
in reality. Using conservative values and
computer models that actually reflect real-
ity, he noted, the numbers associated with
consequences become ever so small.

The session was led by Ted Rockwell,
who, at Foulke’s re-
quest, has been head-
ing up a group prepar-
ing a White Paper on
this topic. Rockwell is
currently vice presi-
dent and founding of-
ficer of Radiation,
Science & Health,
Inc., an international
public interest organi-
zation of independent

radiation experts committed to bringing radi-
ation policy into line with scientific data and
theory.

Nuclear experts’ attitude, Rockwell said,
is that a major core accident would never
be allowed to happen, because that would
mean the end of nuclear power. It is some-
thing so unimaginable that there is no de-

sire even to want to talk about it. In fact, a
lot of work has been done to determine re-
alistic scenarios of the release and disper-
sion of fission products and how the conse-
quences are limited by the actual physical
properties of the materials at hand. There is
a good realistic story to tell, he said, based
on facts, knowledge, and understanding.

Rockwell explained how this issue has
come to a head. About two years ago, Nu-
clear Regulatory Commission Chairman
Nils Diaz began ad-
dressing ANS and
other organizations,
saying that it is nec-
essary to start using
realistic figures. We
cannot continue us-
ing extreme unreal-
istic assumptions.
“Here is the chief
watchdog telling us
that we do not be-
come safer going to
extremes,” said Rockwell, who added that
Larry Foulke has taken on the challenge and
is personally championing this issue.

Ian Wall, a consultant and the first
speaker, was involved in the early work at
EPRI on accidents and has contributed to

the White Paper. He
became involved in
risk assessment in
1967 while working
at General Electric.
Upon joining the
NRC in 1974, said
Wall, one of his first
jobs was to correct a
serious error in the
consequence model
then used. He devel-

oped a new code that showed that the con-
sequences were concentrated mainly near
the plant, that there would be time to evac-
uate, and that the risks become very small
at distances farther away from the plant.
“The point,” he said, “is that realistic mod-
els changed our perspective about offsite
consequences.”

By introducing realism, said Wall,
WASH 1400 (known as the Rasmussen Re-
port) also changed the perspective of what
was important to reactor safety. Prior to
WASH 1400, the consensus of experts was
that the probability of core damage was in-
finitesimally small, while the consequences
were very large. WASH 1400, he said,
showed that the probability was larger than
expected, but the consequences were tiny.

Prior to the accident at Three Mile Island-
2, safety experts assumed that the iodine re-
leased would be elemental and gaseous and
a large fraction would be discharged to the
atmosphere. Under this premise, said Wall,
the TMI accident sequence should have re-
leased millions of curies of iodine-131. It
turned out that only a very small amount

was released. The subsequent investigations
identified mechanisms—such as nuclides
being dissolved in water and plating out—
that meant most were retained at the plant.
This further changed the perspective of the
consequences of reactor accidents.

During the 1980s, EPRI undertook work
on accidents, which added more realism.
Wall’s part involved setting out a program
of experiments to characterize and measure
the retention of radioactive material within

fuel, within the reactor system, and within
the containment. This resulted in a tenfold
reduction in the WASH 1400 source term.

In general, Wall said, a much better job is
being done than before. He added that re-
actor designs should be conservative, but
should be supported by probabilistic risk as-
sessments that are as realistic as possible.

Realistic conservatism
Before introducing the next speaker,

Rockwell explained another event that is
driving this work. Recently, an antinuclear
report analyzing a hypothetical fuel pool fire
associated with a terrorist attack predicted
thousands of radiation-induced deaths hun-
dreds of miles away, and demanded that all
such fuel be transferred to dry storage casks.
The report was given to Congress, which
asked the National Research Council to look
into it. The authors said that they did not in-
vent the numbers and the methods used:
They were taken directly from reports pre-
pared by Sandia National Laboratories and
other nuclear laboratories. In fact, the NRC
accepted this point, and to its credit took up
the challenge, realizing that there is a wider
issue here. In its testimony, the commission
underlined that the type of analysis done
here—the sort carried out over many
years—is not relevant to the real world be-
cause the premises are too unrealistic. The
NRC explained that the premises may have
been right for scoping studies, when they
were looking to bound a problem, but they
are not right for predicting deaths.

The next speaker was Farouk Eltawila,
director of the Division of Systems Analy-
sis and Regulatory Effectiveness in the
NRC’s Office of Nuclear Regulatory Re-
search. Eltawila began by defining “realis-
tic conservatism,” a term coined by NRC
Chairman Diaz, who believes that public
policy should not be based on the most con-
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servative assumptions and extreme scenar-
ios. Conservativism, he said, means em-
ploying a defense-in-depth strategy and en-
suring there are adequate safety margins.
Realism comes from using the best infor-
mation you have from science, engineering,
and operating experience.

Today, the commission has much better
knowledge of phenomena such as fracture
mechanics and aging, Eltawila explained.
This helps reduce uncertainties, improve
the quantification of safety margins, and
provide a better understanding of the safety
issues associated with accidents. This is
helping the NRC move away from the use
of the traditional deterministic conservative
assumptions to calculate consequences, to-
ward what he called “risk-informed realis-
tic conservatism.”

Regarding the issue of a spent fuel fire,
Eltawila discussed NUREG-1738, a spent
fuel pool analysis carried out in 1999–2000
by Sandia and Brookhaven national labora-
tories. This study was done for a specific
purpose and used a great deal of conser-
vatism. In fact, it assumed the worst possi-
ble scenario. In this case, he said, the analy-
sis gave a very low risk, which the NRC
said was acceptable. There was no reason
to go further because the answer already
provided the information needed to make a
regulatory decision. The NRC understood
the conservatism used, he noted, which in-
volved assumptions that were not realistic
or appropriate for making a decision regard-
ing a terrorist attack—a situation where re-
alism is needed. Unfortunately, he said,
people have tried to extrapolate that type of
information from a hypothetical accident to
a terrorist attack and have come up with a
huge number of cancer fatalities.

The NRC’s latest review, said Eltawila,
indicates that the pool’s structure is very ro-

bust and the location of fuel in pools make
them highly resistant to terrorist attack. A
transient analysis has indicated that fuel is
more easily cooled and the decay heat level
is much lower than predicted in earlier stud-
ies. There are at least 24 hours from the
time the pool empties of water and the start
of fuel damage and the release of fission
products. 

The review, said Eltawila, shows that the
demand for the transfer of spent fuel from
the pool to dry casks at the cost of billions

of dollars is not justified. He added that the
NRC has identified a strategy for loading
spent fuel into the pool that can substan-
tially reduce cooling
time of freshly dis-
charged fuel, further
reducing any conse-
quences from an in-
cident.

Rockwell com-
mented that Eltawila
and Diaz are owed a
big vote of thanks
for tackling this is-
sue, and recognizing
that although some
try to characterize it differently, no one is
trying to reduce safety. “Getting more real-
istic is not reducing safety, it is getting
safer.”

Transport realities
Ruth Weiner, senior staff scientist at San-

dia National Laboratories and a member of
the NRC’s Advisory Committee on Nuclear

Waste, described the
arbitrary premises
that produce large
overestimates of ra-
diation dose from a
postulated radiologi-
cal incident involv-
ing nuclear transport.
Since records on
transportation inci-
dents began, there
have been only 90

cask accidents, none of which released ra-
dioactive materials or ionizing radiation.
This is not surprising, she said, given the
extreme tests undertaken.

Conservatism in transportation is used,
she said, at four points: computer models;

inputs to the model;
interpretation of re-
sults; and the notion
of the bounding
case. This last one,
she noted, implies
that if we can show
that nothing much
happens in the worst
possible case, then
clearly the situation
is not bad. These
four conservatisms

were used in NUREG-0170 (1970), the first
environmental impact statement on trans-
portation of radioactive material by air and
other means. The NRC and utilities still use
it, with advanced computer codes of course.

Weiner then described what real mea-
surements do to a conservative model. To
show this, she described the calculation of
dose from an incident-free transportation
operation. In this case, the truck is modeled
by a sphere rolling down the road with dose
measured at 1 meter from the surface. There

are other conditions, such as that the truck
stops every 100 miles for an inspection in
a crowded urban area, and that no one

moves. There was no validation done on
this until a few years ago, she said, when a
graduate student did some actual measure-
ments at Hanford. It turned out that this
model is extremely conservative.

“You give it stupid numbers,” she said,
“and it gives you stupid numbers back.”
The model never tells anything that it is not
told first, she said, adding that opponents
say they use the same models as those used
by the experts and get tremendously high
doses. The reason, Weiner explained, is
that they start with tremendously high
numbers.

The modeling of real accident situations
is more complex, she said. Her colleagues
at Sandia came up with NUREG-6672,
which constructs 19 accident scenarios for
trucks and 21 for rail. This gives much more
realistic levels of doses of release than the
previous NUREG, she noted, but is still ex-
cessively conservative.

The facts about buried HLW
Bernard Cohen, professor emeritus of

Physics and Environmental and Occupa-
tional Health at the
University of Pitts-
burgh, focused on
the concerns of high-
level waste (HLW)
buried a half-mile
underground. Cohen
has authored many
papers and several
books on assessing
nuclear power risks.
For the purposes of

his talk, he used rock as an analog for
HLW—in its own form, encased or con-
verted into glass or into another rock-type
matrix known as “Synrock.” He queried
that if the HLW is buried a half-mile un-
derground, why should this be dissolved
out by groundwater any sooner than 2000
feet of rock above it? We understand nat-
ural rock, he said, and we ought to use this
understanding.

An example of not using what we know
about rock was a study carried out about 20
years ago by the National Academy of Sci-
ences (NAS) on HLW glass that presented
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calculations of releases and health effects.
It did not identify anything catastrophic. Go-
ing over this work, however, Cohen saw
how totally unrealistic it was. Taking the
method used by the NAS, the rock 2000 feet
deep would dissolve at a rate of about 1 per-
cent per year—so in other words, it would
last only about 100 years. But it is well
known that rock 2000 feet deep dissolves at
a rate of about one ten-millionth of a percent
per year and lasts about 1 billion years. In
other words, they made an error of a factor
of about 10 million. He showed other weak-

nesses in the NAS approach, and in the end,
he observed that this report, hailed by the
nuclear industry at the time, made all the
mistakes that Ted Rockwell talked about.

Cohen also discussed the risk of cancer
fatalities due to buried HLW generated
from 100 nuclear plants, and compared it to
the risks from coal-fired plants. The bottom
line is that each of the three different types
of waste released from coal burning—air-
borne pollution, chemical carcinogens in
coal ash, and radioactive waste in coal (ura-
nium, thorium, and radium, and the subse-
quent radon emissions)—cause 1000 times
more deaths than HLW. Cohen added that
the natural radioactivity in the ground
above the waste from uranium and thorium
provides 100 times more cancer doses than
the waste.

Cohen also “unpicked” the picture that the
antinuclear groups try to paint. For example,
groundwater does not flow like a river; it is
more like dampness seeping through the
ground. At Yucca Mountain, groundwater
moves at about 1 foot per year. He also noted
that it would take groundwater at 2000 feet
below the surface about 1000 years to get to
the surface. Any radioactive material, how-
ever, would be held up by a number of
processes, and would be expected to take
1000 times longer to get to the surface.

ANS White Paper
Rockwell concluded with some thoughts

about the White Paper (ANS member input
on the White Paper was being requested as
of late June on the ANS Web site). The re-
port, he stressed, is a working document de-
signed to get the message clear as to what
the realistic facts are about radiation haz-
ards in the worst case and in the real situa-
tions people face.

He particularly wanted to “knock out”
two false premises: that a severe accident
would be the end of the world and that “one
damn ray will kill you.” As an example of
the problem, he noted that when an incident
occurs, such as the Davis-Besse problem, it
is usually reported as almost a major acci-
dent, as if a small hole in the reactor would
lead to thousands of deaths.

As for very low-dose radiation, Rockwell
said that there is no real scientific basis for
assuming it is harmful. In fact, he observed,
there is considerable evidence that some ra-

diation is beneficial.
He noted that the
goal is not to try to
overturn the science
on which their rec-
ommendations are
based, and said that
he believes that
many of the advisory
committees promot-
ing the linear no-
threshold concept
have been remiss in

their not examining, evaluating, and report-
ing on the massive amount of evidence on
the beneficial effects of low-dose radiation.

Rockwell also challenged the idea that it
is safer and more beneficial to assume that
the world is different than it is. Putting
some realism in place of “silly” premises
does not represent a decrease in safety, he
said. He was not talking about regulators’
yielding to pressure from the industry to be
less safe. If a most realistic assessment of
the situation is made, “with conservative el-
bow room,” then there will have been
movement toward “safer, not less safe.”

Fuel issues
The long-term success of the nuclear

power industry and light-water reactors in
particular is tied to the reliability of nuclear
fuel, according to Ivan Maldonado, associ-
ate professor of Mechanical, Industrial and
Nuclear Engineering at the University of
Cincinnati.

The industry is increasing capacity fac-
tors and cycle lengths at the same time that
power uprates are occurring. By many ac-
counts, these factors “are conspiring to test
the bounds of the performance and reliabil-
ity of nuclear fuel,” said Maldonado, orga-
nizer of the session on “Current Issues in
LWR Nuclear Fuel Performance and Reli-
ability.”

Zero fuel defects should be that bound-
ary of performance and reliability, sug-
gested Bill Pierce, site vice president at
Beaver Valley nuclear power plant, oper-
ated by FirstEnergy Nuclear Operating
Company (FENOC). Beaver Valley has
two Westinghouse pressurized water reac-
tors. Unit 1 is rated at 821 MWe (net) and
Unit 2 at 831 MWe (net). “We need to chal-
lenge the fuel vendors to continue robust

fuel development,” Pierce said. “We need
to challenge the core designers to guard fuel
margins. We have to challenge fuel han-
dlers to protect fuel during movement. We
need to challenge workers to prevent for-
eign material exclusion [FME].”

Pierce chastised the industry for not hav-
ing a goal of zero fuel defects, and for its
“lack of [having] a cohesive plan to achieve
the things we need to achieve regarding fuel
performance.”

The industry, he continued, should get to
a point where a defective fuel pin at a nu-
clear plant would be something that draws
interest. “Today, we look at it as an ac-
cepted thing,” he said. “If it happens, we
feel like we’re powerless to deal with it.
We’ve got to get to a point where we see
fuel defects as something we’re not going
to tolerate.”

Underlying the zero-defect goal is a non-
technical issue, meaning that it’s the gen-
eral public that demands perfection from
the nuclear industry. “I think the public do-
main that allows us to operate these plants
expects us to have zero fuel defects,” he
said. “I just believe that it’s bad business to
have fuel leaks [because any minor nuclear
blip is perceived by the public as a bad
thing] and that [leaks] will be a problem for
us as an industry.”

The industry itself, of course, will have
to foot the bill to support development of
zero-defect fuel, he noted, but at the same
time it is important to retain the low cost of
fuel. “The heart of the electric industry us-
ing nuclear power for production is low fuel
costs,” he said. “Besides that one issue, we
would not be competitive with other
sources of electricity generation, because
our base costs are higher.”

FENOC operates three nuclear sites—
Beaver Valley, in Shippingport, Pa.; Davis-
Besse, an 873-MWe (net) Babcock &
Wilcox PWR in Oak Harbor, Ohio; and
Perry-1, a 1235-MWe (net) General Elec-
tric boiling water reactor in North Perry,
Ohio. Combined, 66 percent of the FENOC
plant’s collective fuel failures have been
caused by grid fretting, 28 percent by de-
bris, and 6 percent through fabrication.

Countering Pierce’s argument was Paul
Edelmann, a fuels
engineer for Con-
stellation Energy’s
two-unit Nine Mile
Point nuclear power
plant, who noted
that he would never
expect fuel to be
made entirely leak
proof. “I don’t think
that’s possible,” he
said. “I don’t know

how much more improvement you can de-
sign into fuel. But I do know from work-
ing at a BWR plant that there is a lot of
room for improvement in control of plant
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chemistry, and especially in foreign mate-
rial exclusion.”

He recounted a story from last spring,
when Nine Mile Point-2, an 1148-MWe
(net) General Electric BWR in Scriba,
N.Y., was entering a refueling outage. Thir-
teen hundred workers were brought on site
to work the outage. For most, it was their
first experience at a nuclear plant. Their in-
experience showed, he said, as illustrated
by a pile of debris that collected on the re-
fuel floor during the outage. “This became
big news” within the plant, he said, because
with the industry spending millions on
FME programs, “somebody [at Nine Mile
Point] was missing something.”

Edelmann advised that strict adherence
to good FME and chemistry practices, com-
bined with safe rod pattern development
and cycle operation, “can and should pre-
vent BWR fuel from undergoing any fail-
ures, even with higher power demands and
longer cycle duties.”

A lesson learned at Nine Mile Point, he
said, was that modern fuel designs will per-
form well when treated with care.

Identifying fuel leaks
Ed Price, a senior engineer for Duke

Power, stated that Duke plants have been
free of fuel leaks since 2001. Duke operates
the two Catawba units, which are 1129-
MWe (net) Westinghouse PWRs, in
Clover, S.C.; the two McGuire units, which
are 1100-MWe (net) Westinghouse PWRs,
in Cornelius, N.C.; and the three Oconee
units, which are 846-MWe (net) B&W
PWRs, in Seneca, S.C.

The Catawba and McGuire plants
switched in 2000 to Westinghouse robust
fuel assemblies with zirconium cladding
from the AREVA/Framatome ANP Mark-
BW design, and Oconee switched in 2001
to AREVA/Framatome ANP Mark-B11
fuel with M5 cladding.

Price said that the whole process of iden-
tifying leakers, at least recently, has been
akin to searching in the dark. “You expect
when you have leakers to have iodine ac-
tivity go up, but we’ve had many cycles
with leakers with very low iodine activity,”

he said. “We’ve also
had mysterious leaks
at plants where we
know we had leak-
ers, but little or no
spiking during tran-
sients.”

Once leakers were
discovered at Duke
plants, he said, there
were problems in
isolating the failed

fuel assemblies. That’s because ultrasonic
testing (UT) has had “very poor reliability
for us the past few years,” he said. “Many
overcalls, many cores that had leakers in
them, did not show up on the UT.”

As an example, Price explained a fuel-
leak search at Catawba-1 from several years
ago. The core showed a substantial increase
in xenon-133, and a UT campaign was done
that resulted in the identification of four sus-
pect fuel rods. “We pulled the rods, but
eddy current testing showed all the rods
were sound,” he said. “So, we did not find
failures in any of these rods.”

Price claimed that INPO’s Fuel Reliabil-
ity Indicator (FRI)—defined as the steady-
state primary coolant iodine-131 activity
(microcuries/gram), corrected for the tramp
contribution and power level, and normal-
ized to a common purification rate and av-
erage linear heat generation rate—is not a
credible measure. A team is being put to-
gether, of which Price will be a member, to
reevaluate FRI to
come up with some-
thing “more realis-
tic,” he said.

A problem with
today’s FRI is that a
core can have leak-
ers with low iodine
activities and low
power defects, but
still be under the
FRI criteria for zero
defects, he said.

Price wondered what had happened to di-
agnostics over the past few years. Stretch-
ing back a decade or two, UT was consid-
ered 85 percent efficient. But over the past
five years, “we haven’t been able to find
anything,” he said. “It makes me wonder if
now the threshold is so low for leakers that
we’re looking for things that, in the past
[when the threshold was higher], we would
see without paying much attention.”

From the fuel manufacturers’ side, Olga
Correal-Price, a principal engineer for
Westinghouse Electric Corp., noted that 25
percent of leakers are from unknown
causes, and that the percentage is increas-
ing. She stressed that finding the reason for
those leakers is “today’s challenge.”

John Schardt, chief technologist of
Global Nuclear Fuel, Ltd./General Electric
Nuclear Energy, said that in the old days,
thousands of fuel rods used to fail through-
out the industry. Today, however, “we’re
talking about tens.” With about 2 million
fuel rods in place in operating reactors in
the United States and only handfuls failing,
“the reliability has been very, very good,”
he said.

Schardt declared that his company and
probably every fuel manufacturer in exis-
tence has a “zero leak mentality.” Every
leaker “hurts everyone. It hurts our cus-
tomers and it hurts the vendor. Each day
that there is a leaker, we know about it that
day,” he said.

Schardt implied that people all the way
up the management chain of command
“hurt” when they learn about a leaker, be-

cause “most of us thought that by now we
might have almost licked” the leaker prob-
lem. He added, “We don’t know of a man-
ufacturing defect that has caused a leaker in
10 years.”

Roger Reynolds, director of Fuel Tech-
nologies and Reliability for Framatome
ANP, Inc., followed up on Schardt’s com-
ments by declaring that “‘Zero tolerance for
failure’ is the way we do our work.”

Standards: A shift in philosophy
The ANS Standards Board has initiated

work to revise many of its standards using
risk-informed and performance-based con-
cepts. This session, “A Movement Toward
Risk-Informed, Performance-Based Stan-
dards: A Shift in Philosophy,” explained

chair Don Eggett, senior management and
manager of business development for Auto-
mated Engineering Services Corp., was
planned to look at the reasons for moving
from conventional prescriptive standards to
more performance-based and risk-informed
standards, and how this is being imple-
mented in ANS-sponsored standards. The
movement to this new approach involves
more than a shift in philosophy, he said. It
reflects a more general shift in the attitude
of industry to use these concepts to evalu-
ate operation.

Standards, Eggett explained, can be per-
formance-based or performance-based risk-
informed, depending on what the needs are
or what the focus will be. To distinguish
these sometimes confusing concepts, the
Board generated the following explana-
tions:

On performance-based: Decide what the
objective is to be then select a series of
tasks, tests, etc., that will get you to the end
point. Selection of the tasks is arbitrary
based upon the particular situation and
plant, and are not deterministic for every
plant and situation.

On risk-informed (which can couple with
performance-based): For each design basis
accident or serious event, determine the
risks to the public health and safety that the
occurrence of the event will entail and then
determine the mitigating events that are
necessary to reduce public risk to a prede-
termined acceptable level.

Don Spellman, of Oak Ridge National
Laboratory and chair of the ANS Nuclear
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Facilities Standards Committee (one of four
standards consensus committees), ex-
plained that the go-ahead was just made at
the Board’s last meeting and that this ses-
sion is the first presentation of its observa-
tions and of some of the work being done.
ANS often takes the initiative in this type
of effort, Spellman said, where there is
something industry needs to address. “And
besides,” he added, “we like the challenge.”
The Board will develop a set of criteria that
explains how to create or revise a standard
or convert it from prescriptive to perfor-
mance-based.

Jim Mallay, director of regulatory affairs
for Framatome ANP and chair of the ANS
Standards Board, opened the session with a

presentation on the
benefits of moving
from a prescriptive to
a more performance-
based standard. Most
of the standards de-
veloped within ANS,
said Mallay, are in-
tended to either com-
plement or positively
influence current and
planned regulatory

expectations. In many cases, he noted, the
NRC has asked ANS to develop standards
on selected subjects, adding weight to any
regulation that is based on those standards
because the commission knows that indus-
try has reached consensus that these are ap-
propriate criteria and requirements.

A particular feature of the standards
groups, said Mallay, is that they provide the
only forum for technical information to be
exchanged freely among all parties, many
of whom are in competition with each other
or are regulated by the NRC, which is rep-
resented on nearly all of ANS’s standards
committees. And so, for Mallay, even if a
working group is not successful in develop-
ing an approved standard, the fact that the

people in the group have gotten together
and communicated is a major benefit to
them individually and to the industry.

Another interesting feature of standards
that is rarely used in regulatory guidance
documents, is the use of the verb “may,”
which denotes “permission.” “May” allows
the use of a technique at the user’s discre-
tion. This is an added value of standards,

said Mallay, especially for those used to
help interpret or complement regulatory
documents.

Mallay explained the shift in approach as
due in part to the needs of industry. During
the last few years, there has been a signifi-
cant decline in the demand for ANS stan-
dards. To some extent, this reflects the ma-
turity of the industry
(and the fact that no
one is building
plants). Neverthe-
less, the Board also
had to consider
whether it was really
serving the interests
of the users. In look-
ing at that, said Mal-
lay, the Board deter-
mined that maybe
there were too many
inefficiencies in the
application of stan-
dards. Many were probably too prescriptive
and inflexible, he noted, and therefore
would not be used.

So, the Board turned to techniques be-
ing advocated by the Nuclear Energy In-
stitute (NEI) and the NRC—namely a per-
formance-based, risk-informed approach.
Mallay defined a performance-based re-
quirement as a required design objective
or operational behavior, including those
attributes that are necessary to verify that
the objective or behavior can be achieved.
A performance-based standard, he said, is
a standard that contains performance-
based requirements together with mea-
sures that can be used to assess the degree
to which the attributes can be achieved.
These measures of success can be qualita-
tive, quantitative, or some combination of
the two.

Prescriptive requirements, Mallay added,
have no flexibility and tell the user nothing
about why the rule was established. Perfor-

mance-based criteria
tell you why—that
is, makes the basis
for a criterion ex-
plicit—and provides
flexibility. But this
does not work for all
requirements. Usu-
ally only a portion of
a standard will be
performance-based,
he said, as there will
be many situations

where prescriptive criteria are necessary.
Standards based on performance-based cri-
teria are also expected to have a longer life
because the objectives, when stated prop-
erly, are not going to change as much as
prescriptive requirements might. Further-
more, they allow revisions more readily.

Finally, said Mallay, performance-based
requirements force people to work in “suc-

cess space,” not “failure space.” One is
never looking at a worst case, but at suc-
cessful performance, where there are more
opportunities.

Duke Energy, said Mallay, was recently
allowed to establish performance-based cri-
teria for the inspection and surveillance of
the new steam generators being put into its

Catawba plant. To deal with a number of
outstanding safety issues raised by the
NRC, the company proposed using a per-
formance-based approach, which the NRC
accepted. Mallay said he thinks that this is
a milestone in this area.

According to Mallay, the first ANS per-
formance-based standard (on the applica-
tion of PRA for making risk-informed deci-
sions on external events) came out about a
year ago. He also noted that ANS has de-
veloped a draft standard for low-power and
shutdown operating states, and plans to
risk-inform its standards on design criteria
for light-water reactors.

NRC pushing performance-based approach
Prasad Kadambi, of the NRC’s Office of

Nuclear Regulatory Research, has been ac-
tive in pushing ANS toward performance-
based standards. This approach, he said, ac-

cepts that nuclear
activities are rather
complex, with peo-
ple, systems, and in-
stitutions all interact-
ing for a common
purpose. In this case,
the common purpose
is safety.

Regulations, he
explained, deal with
higher-level, more

conceptual requirements, while standards
address the lower level, the nuts and bolts of
any activity. Traditionally, both have been
prescriptive, Kadambi said, with require-
ments and instruction very specifically laid
out. But recently, there has been a recogni-
tion of a need for change. In particular, said
Kadambi, prescriptive requirements lack
flexibility. They also have technological
implications in that sometimes conditions
are included in regulations that tend to
freeze technology, particularly if there is
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perception that there is only one way to
comply with the regulation. This may in-
hibit technological creativity.

Things have been changing, he said. In
1993, Congress passed the Government
Performance and Results Act. This legisla-
tion emphasizes outcomes rather than out-
puts; it makes agencies think whether they
are doing the right kind of work, rather than
just focusing on how well they are working.
The legislation also requires agencies to de-
velop strategic and performance plans so
the public would know what ultimate re-
sults they are seeking to bring about. An-
other piece of legislation (Public Law 104-
113) requires government agencies to think
about consensus standards in lieu of regula-
tory requirements.

Kadambi noted that the NRC issued the
first strategic plan (2000–2005) in 1999 and
the second is now in preparation (2004–
2009). It also issued a management direc-
tive explaining how staff can participate in
standards activities. These direct the staff
to consider performance-based approaches
as appropriate. In addition, NRC staff is-
sued NUREG-BR-0303, “Guidance for
Performance-Based Regulation,” in De-
cember 2002.

Kadambi asked the question: Why per-
formance-based standards? Basically, he
said that he believes that a new approach
is needed, particularly if the nuclear in-
dustry does experience renewed growth.
It is crucial, he declared, for working
groups to have the flexibility to consider
the best way to develop standards. They
can consider using performance-based or
prescriptive approaches as appropriate.
This, he said, promises a more efficient
development of standards once a learning
curve is passed: It offers more effective
application (particularly for new technol-
ogy), more economical maintenance, and
more equitable sharing of the burdens be-
tween standards developers and users.
Performance-based standards should also
last much longer. He commended ANS
for this initiative.

Unlike prescriptive requirements, he
added, the performance-based approach
also ensures that the focus is on those things
that are more important to safety, ensuring
that resources are applied where they are
most effective.

Over the last six or seven years Neil
Brown, of Lawrence Livermore National
Laboratory, has been involved at the work-
ing group level on a set of standards related
to seismic design of nuclear facilities. It was
only toward the end of the process, he said,
that the performance-based concept was
taken on board.

These new standards, not yet completed,
will replace an original set developed by
the Department of Energy for its nuclear
facilities, Brown said. During a revision,
the parties involved agreed to convert these

to approved national standards. The DOE
standards concerned natural phenomena
hazards (NPH)—that is, seismic, wind, and
floods. They start by categorizing certain
structures, systems, and components
(SSC), and then develop prescriptive rules
about how a design should address these
three natural phenomena. The original
standards had risk goals set in terms of
probabilities of safety consequences,
doses, and failures.

The safety community, Brown said, even
in the seismic area, is not eager to go to a
fully risk-informed standard in the sense
that the ability to estimate probabilities of
failures of SSC and to relate those to a dose
consequence, and so forth, is still limited.
The DOE standards are risk-goal based—
that is, they have clearly stated risk goals—
and the SSC categorization is based on a
specific set of risk goals. He said, however,
that the participants could not agree on the
desired risk goals for the new standard.
Brown explained that agreement was even-
tually reached on using a magnitude of “un-
mitigated” consequence of a failure as op-
posed to failure probability to define the
categories. And so, the categorization of an
SSC was determined by the unmitigated
consequence of its failure, not on the basis
of risks.

The final presentation was by Paul Fish-
beck, professor of Social and Decision Sci-
ences, and Engineering and Public Policy,
at Carnegie Mellon University, and direc-
tor of the univer-
sity’s Center for the
Study and Improve-
ment of Regulation.
He provided his ex-
perience from other
fields where risk-in-
formed and perfor-
mance-related rules
and standards are
applied. Perfor-
mance-based standards work well, he said,
when you can actually measure perfor-
mance. For example, consider how much
pollution comes out of a smoke stack. In
fact, he said, that can be measured, and cri-
teria set. Penalties, such as withholding
payments, can be applied if the criteria are
not met.

Other areas being discussed, however, in-
volve long-term, rare events, where perfor-
mance is difficult to measure, Fishbeck
said. If you are talking about fire safety, for
example, how do you measure that a build-
ing is fire safe? What criteria do you use to
base the performance of, for example, a
sprinkler system? Is it the amount of water
coming out in a certain time period?

A prescriptive standard, he noted, says:
Use this, put it here, make it this big. These
things can be checked very easily, he ob-
served, but performance-based standards
are much more complex.

He then raised the question of uncer-
tainty. A prescriptive standard almost ig-
nores uncertainty. Using a performance-
based standard is to admit that there is
uncertainty out there.

Fishbeck presented some examples to
show how complex the area of standards
can be. As other speakers had done before
him, he recognized that the work leads to
useful discussions among all interests and
develops a lot of understanding along the
way. There are methodologies that allow
you to address these concerns, “but [they
are] not for free.”

Water desalination
Over the next two decades, there will be

a 40 percent increase in water use around
the world, according to the International
Atomic Energy Agency (IAEA), and 33
percent of the world’s population—about 2
billion people—will be in absolute water
scarcity by the year 2025.

Currently, 1.2 billion people lack access
to potable water, and 2 million per year will
die due to water-related diseases. The fact
is that there isn’t enough fresh water on the
planet. The session, “The Use of Nuclear
Energy for Desalination,” explained nu-
clear’s role as an economical power source
for methods of water desalination—two of
which are distillation and reverse osmosis
(RO)—that have high-energy consumption
requirements and high hot-water production
costs.

The IAEA defines nuclear desalination
as the production of potable water from sea-
water in a facility in which a nuclear reac-
tor is used as the source of energy for the
desalination process. The facility may be
used solely for the production of potable
water, or dually for the generation of elec-
tricity and the production of potable water,
in which case only a portion of the reactor’s
energy output would be used for water pro-
duction. In either case, a nuclear desalina-
tion plant is defined as an integrated facil-
ity in which both the reactor and the
desalination system are located on a com-
mon site and energy is produced on site for
use in the desalination system.

Small and medium reactors are important
for desalination because the countries most
in need of fresh water often have limited in-
dustrial infrastructures and electricity grids,
explained Akira Omoto, director of the
IAEA’s Nuclear Power Division. Smaller
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reactors, he said, also are “more appropriate
for remote areas” unsuitable for connec-
tions to the grid.

Omoto noted that nuclear power plants
around the world have long been used for
water desalination. For example, Kazak-

hstan’s BN-350, a
liquid metal–cooled
fast-breeder reactor
that operated until
1999, was used to
produce electricity
and heat for desalina-
tion (approximately
80 000 m3 of water
per day) for 27 years.
And, currently, Pak-
istan’s Kanupp has a

small RO facility in operation and is build-
ing another desalination demonstration plant
on site to be commissioned in 2005. Mean-
while, India’s Kalpakkam has an experi-
mental facility in operation and another un-
der commissioning that is expected to
process 6300 m3/day.

Expanding nuclear’s role in the world’s
desalination process will include four chal-
lenges, he noted. First is economics, of
course, where the target for desalinating
water is $0.40 to $0.60/m3. Next is public
understanding. Then comes the issue of dis-
parity, meaning that nations having water
scarcity may not be holders of nuclear tech-
nology. Finally, in what is not directly a nu-
clear issue, infrastructure for distributing
desalinated water is necessary.

Roger Humphries, president of Canadian
desalinating company Candesal, said that a
message not heard enough is that water
shortages are quite often localized. In In-
donesia, for example, rain falls almost
every day during the rainy season. “But the
issue is a point of mal-distribution,” he said.

“The water is not where the people are. It’s
not accessible because it cannot be col-
lected and captured.” He added that Indone-
sia’s city of Jakarta and its surrounding rain
forests have some of the lowest availabili-
ties of safe, fresh water per person of any
place in the world.

As the world has a shortage of fresh wa-
ter, a growing problem is that salinity lev-
els of fresh-water aquifers are increasing.
“As we draw fresh water out of sources that
are nonrenewable, they get replaced by salt

water,” he said. “So, we’re finding what
used to be fresh water [in] a lot of aquifers
[now has] a salinity level reaching 1000,
2000, 2300 ppm, basically making it unsafe
to drink.”

Desalination solves problems in that, po-
litically, it keeps nations from “stealing”
water from one another, and, environmen-
tally, because it’s a “friendly” way for cre-
ating new sources of potable water, as no
fossil fuels are burned in the process,
Humphries said.

Si-Hwan Kim, director of the SMART
R&D Center of the Korea Atomic Energy
Research Institute, explained South Korea’s
plan for a SMART desalination plant.
SMART stands for System-integrated
Modular Advanced
ReacTor. The plant,
which is under con-
struction and is ex-
pected to be in oper-
ation in 2008, will
produce both elec-
tricity (90 MWe)
and potable water
(40 000 tons/day).

Ron Faibish, proj-
ect manager for nu-
clear desalination at
Argonne National
Laboratory, said that
potable water issues exist here at home in
the United States. “Drought conditions now
in the Southwest have increased dramati-
cally,” he said. News reports have claimed
that the drought in the West is the worst in
400 years. “We have big challenges in the
U.S.,” he added, “and they’re not just fo-
cused in the West. We have issues in the
East as well, and on the Texas coast.”

Population growth along coastal South-
ern California, Texas, and Florida has been

on the order of 20
percent in the past
decade, and for the
country as a whole,
60.6 billion addi-
tional m3 of potable
water per year will
be needed by 2020
for municipal and
light industrial uses.

The U.S. Bureau
of Reclamation, to-
gether with Sandia

National Laboratories, has developed a
roadmap for desalination in the United
States, he said. Published in 2003, the
roadmap declares that by 2020, desalination
and water purification technologies will
contribute to ensuring a “safe, sustainable,
affordable and adequate” water supply to
the United States. “These words are impor-
tant,” he said. “The terms affordable and
adequate—those are the ones I think have
to be first in term of securing the future of
the technology.”

The roadmap’s 2008 objective, he said,
is for desalination technologies to realize a
20 percent improvement in capital costs,
operating costs, and energy efficiency. By
2020, improvement in those areas needs to
reach 80 percent.

Those goals are ambitious because today
the cost of treating water in the United
States using a conventional (chemical)
treatment is about $0.10/m3. In Southern
California, reclaimed water from industry
costs about $0.60/m3. Brackish water de-
salination is between $0.26 and $0.79/m3.
For seawater desalination (the biggest op-
eration, in Tampa Bay, Fla., currently is
suffering problems, Faibish said), the fore-
cast is $0.55 cents/m3.

An “interesting factoid,” he said, is that
desalination in the United States could cost
$0.79/m3 ($3 per thousand gallons). “That
seems expensive, but the U.S. consumer is
paying an average of $2099 per cubic me-
ter for bottled water. When you put this into
perspective, [desalination] seems rather
cheap,” he said.

The latest on sump clogging
At the panel session “Hot topics and

emergent issues: Containment sump clog-
ging,” session chair and organizer Steve
Stamm, of The Shaw Group, opened with
an explanation of why sump clogging was
billed as a “hot topic.” Sump clogging, he
said, is something that boiling water reac-
tors had experienced that has now become
an important issue for pressurized water re-
actors. This session, he said, would cover
the problem’s background, describe the
methodology that is being used to resolve it,
and present some of the plant activities and
potential modifications being introduced.

Mike Marshall, lead project manager on
the issue at the Nuclear Regulatory Com-
mission, began with an overview of the
topic and the status of work on PWR sump
performance. According to Marshall, the
NRC’s primary concern is that the sump
screen is doing its job too well. The purpose
of the screen is to keep debris from damag-
ing pumps or blocking spray nozzles and
other components downstream. Retaining
debris smaller than the system is designed
to, he explained, results in excessive head
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loss that can affect operation of the pumps.
This is the same concern that the NRC had
with boiling water reactors.

There are also some secondary concerns,
such as the downstream effects of debris
getting past the screen, that might have an
impact on pump operations or accumulate
enough to affect cooling of fuel. These are
not the primary concerns, but the NRC
wants them taken into account when solu-
tions are considered or when evaluating the
adequacy of existing designs. But most of
the effort has been focused on head loss at
the screen and whether it affects operations.

Because of the variation in the materials
at individual plants, as well as the differ-
ences in the containment and layout of
screens, the NRC agrees with industry that
this is not a problem where one solution fits
all. Each plant will have to assess the situ-
ation and decide on appropriate action. One
thing that is becoming clear is that the ex-
isting license base for a number of plants
is probably insufficient and will need
changing.

Marshall explained that unlike BWRs, it
appears unlikely that every PWR is going
to have to implement a fix. But each oper-
ator will have to evaluate the situation and
decide if there is a problem that needs re-
solving, either procedurally or by a hard-
ware modification or some other means.
The evaluations will include: identifying
the different debris sources, particularly
those that would likely cause some clog-
ging; estimating the amount of debris gen-
erated; estimating the amount of debris
transported to the sump screen; and estimat-
ing what the head loss impact would be.

This issue first came up in the early
1980s, when the Advisory Committee on
Reactor Safeguards became interested to
see if air injection would have an impact on
the operation of the emergency core cool-
ing system (ECCS) pumps. The question of
debris came up later. Research undertaken
between 1980 and 1985 did not identify a
particular problem. While the NRC could
see some benefits in preventing entrain-
ment, they were insufficient for action to be
taken. In 1985, however, it recommended
that new plants and plants undergoing ma-
terial changes—such as of insulation—con-
sider the issue and provided some regula-
tory guidance.

In 1992, an event occurred at the Barse-
bäck BWR in Sweden, where the NRC’s
1985 guidance had been adopted. Based on
this, the plant had assumed that the ECCS
system would operate for a day or two be-
fore the strainers (screens) became
clogged. The incident occurred when water
was released into the drywell, taking a lot
of insulation with it. The clogging occurred
not within a day, but within an hour or two
of the activation of the emergency systems.
This was communicated to other regula-
tors, and investigations ensued that identi-

fied weaknesses with the guidance and the
underpinning research. This started a new
run of research around the world on sump
issues.

The focus at first was on BWRs because
there were three similar events in U.S.
plants, although not on the scale of Barse-
bäck. It eventually became clear that al-
though clogging would occur sooner in
BWRs than in PWRs, the weaknesses were
common to both reactor types. New work
undertaken identified weaknesses in the
previous correlations. In particular, the
fiberglass insulation debris was more like
“cotton candy” shreds than the “slices of
cake” that were used in the old research.
The shreds produce much greater head loss.
Furthermore, the fiberglass acted as a filter,
capturing small items that had been ex-
pected to pass through the screen, adding to
the head loss.

All the BWR stations introduced a com-
bination of fixes. These included minimiz-
ing debris sources, cleaning the suppression
pools, and increasing the surface area of the
sump strainers.

Soon after completing the work on the
BWRs, work on the PWRs started. From a
parametric study, the NRC staff concluded
that there was enough of a concern to war-
rant individual plant evaluations. NRC has
been working with the Nuclear Energy In-
stitute (NEI) since
about 2000 on de-
veloping a suitable
methodology.

The next speaker
was John Butler, se-
nior project manager
at NEI, which has
completed guidance
for carrying out a
sump performance
evaluation that is
now being reviewed
by the NRC. The guidance will help oper-
ators evaluate the situation at their plants
regarding debris generation, transport, and
accumulation on the screens and whether
there is adequate net positive suction head
(NPSH) margin available for ECCS recir-
culation. This effort, said Butler, is primar-
ily funded by the Westinghouse Owners
Group and coordinated by the NEI PWR
Sump Performance Task Force.

A draft sump performance evaluation
guidance document was given to NRC staff
in October 2003, and the final version was
submitted on May 28, just a couple of
weeks before the ANS Annual Meeting.
The review process should be completed
by this fall, with final approval expected in
October.

The end result of the evaluation guidance
is to determine the adequacy of the NPSH
margin, Butler said. The calculation is com-
plicated by the large number of phenomena
and uncertainties that need to be addressed.

These include:
■ Size and location of a postulated break.
Location is probably more important than
size regarding the potential debris gener-
ated.
■ Debris generation (quantity, types, size,
distribution). The orientation of the break
affects what debris is going to be generated.
Besides calculating the amount, it is neces-
sary to determine the size distribution of the
debris, which affects its transportability.
■ Debris transport and holdup. The “trans-
port media” is a combination of debris, the
containment spray, and washdown, all of
which determine the amount that collects at
the sump.
■ Debris deposition on screen and result-
ing head loss. The resulting head loss is
highly dependent on the types of debris de-
posited.

The guidance addresses the uncertain-
ties and complexities in a traditional con-
servative fashion. “It is a balancing act,”
Butler said. “I think I can say we have a
conservative methodology that is not too
conservative.”

He then described the basic evaluation
methodology, which starts with a baseline
analysis, a conservative first step in the
evaluation. Some plants can go through the
baseline and find that they have adequate
NPSH margin and can stop at that point. A

number of others will find that they do not
have adequate NPSH margin, and will have
to continue the evaluation process by refin-
ing the analysis in one or two ways: refine
their analytical methods to take out some of
the conservatism, or modify their design,
which may involve removing potential de-
bris sources, changeout of insulation (which
contributes most debris), or modifying their
screen design. The process continues until
an adequate NPSH is achieved.

NEI is now working with the NRC to try
to introduce a risk-informed option in the
methodology, acknowledging that the large
double-ended break, which would generate
the most debris, sump blockage, and head
loss, is a very low-frequency event. A risk-
informed option would allow more mean-
ingful breaks and conditions to be applied to
assess sump performance. The details of
such an option are now being discussed
with NRC staff.
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Sump performance evaluation methodology
More details on using the evaluation

methodology were given by Tim Andrey-
chek, of Westinghouse Electric Company.
Andreycheck has been working on the is-
sue for the last seven years, and is the lead
author of the NEI PWR post-accident sump
performance document. The purpose of the
methodology, he explained, is to provide a
consistent approach for utilities to perform
a conservative evaluation of their contain-
ment sump performance post-accident. An-
alytical refinements are also identified to
provide options for removing some of the
conservatisms.

The “baseline,” said Andreychek, starts
with plant specific information—basically a
scoping study or a first shot to see if there is
something to worry about. If the results are
acceptable, the issue can be closed out. If
not, the methodology provides a guide as to
how to proceed. This involves further
analysis and reanalysis, with possible de-
sign modifications. The process continues
until NPSH requirements are satisfied.

Andreychek provided an example of a
“baseline analysis” that took a very conser-
vative line. Regarding break size, the base-
line assumes a double-ended guillotine
break. For the break location, he deter-
mined the maximum debris generation and
the worst combination of debris to create
the biggest head loss. To determine debris
generation, a zone of influence (ZOI)—a

region around the break where the destruc-
tion of insulation and other materials oc-
curs—was defined. His baseline calcula-
tion assumed an unrestrained jet stream
from the break, which destroys the insula-
tion, forming debris.

Latent or resident debris (the dust and dirt
that collects) is not considered a major con-
tributor, Andreychek said, but has to be ac-
counted for. The baseline methodology pro-
vides an easy-to-use estimate of the
contribution. He mentioned, however, that
some plants power wash parts of their con-
tainment, which, although done primarily
for radiological purposes, also reduces the
amount of latent debris.

The head loss correlation being used,
based on a NUREG document, is a semi-
empirical correlation and provides for a con-

servative pressure-drop calculation. The ef-
fects of debris composition and material
properties are accounted for in the calcula-
tion. Andreychek described the “thin bed”
effect, in which a fibrous debris covers the
screens and captures particulates behind it.
This, he noted, was a particularly bad situa-
tion for BWRs, causing big pressure drops.

Andreychek also went into various ana-
lytical refinements to the baseline evalua-
tion. By replacing the conservatism with
more realistic condi-
tions, the amount of
debris generated can
be reduced, its trans-
portability lessened,
and the accumula-
tion and blockage of
the sump screens can
be decreased, lead-
ing to a better NPSH
margin.

Kenneth Ainger,
licensing manager at
Exelon Nuclear, is responsible for licensing
activities at the Byron, Braidwood, and
Three Mile Island-1 nuclear stations. He pro-
vided an operator’s perspective on this issue,
describing the evaluations that he will be per-
forming, some interim measures, and poten-
tial enhancements being considered to fully
resolve the issue, if necessary.

Ainger’s description of the different
sump/screen configurations at three plants

provided insight into
the real problems
that operators have
with this issue. For
example, both By-
ron and Braidwood
have two sumps that
are enveloped by an
outer screen. Over-
all, there are three
screens that protect
the suction lines to
the ECCS and con-
tainment spray sys-
tem. The outer

screen encloses the middle and inner
screens for both sumps. The outer screen
extends about 4 feet above the floor of the
containment, and the inner screen is in-
stalled below the containment floor inside
each sump.

As for potential debris sources, the main
containment insulation at Byron and Braid-
wood is reflective metal insulation. When
the steam generators at Byron-1 and Braid-
wood-1 were replaced, their insulation and
that of the associated piping were replaced
with fiberglass blankets, covered with stain-
less steel sheathing. The TMI-1 contain-
ment has about 600 ft3 of fibrous insulation.
Ainger also pointed out the problem of un-
qualified equipment coatings—for exam-
ple, the coatings on valve handles and reac-
tor coolant pump housings—as possible

debris. The baseline evaluations will look
at the reflective metal insulation, fibrous in-
sulation, coatings, tags, labels, and foreign
material. All of these potential debris
sources will be examined in light of the four
transport mechanisms: blowdown trans-
port; washdown transport; pool fill trans-
port; and recirculation transport.

For the sump screens, the initial evalua-
tion for Byron and Braidwood indicates no
concerns regarding structural integrity or ex-

cessive blockage. Byron-1 and Braidwood-
1, however, may not pass the evaluation in
light of the fiberglass insulation used on the
replacement steam generators. This might re-
quire an additional engineering analysis.
With the performance of ZOI evaluations at
the plants, Ainger noted, a risk-informed ap-
proach would probably provide benefits if it
is used to assess the consequences of the oc-
currence of a break at the steam generator
nozzles of the two reactors described above.

For TMI-1, the adequacy of the sump de-
sign may not pass the new evaluation, and
so some design change to the sump or to the
areas along the path to the sump may have
to be considered. Enhancements could in-
clude modifications to the floor to help di-
rect debris or prevent some pooling of wa-
ter. These have not yet been scoped, but
could be significant.

Ainger said that several interim measures
have been implemented to ensure the work-
ing of the ECCS while pursuing the long-
term resolution of the issue. The loss of re-
circulation capability has been addressed at
Byron and Braidwood in the emergency
procedures. Additional training for opera-
tors has been provided, including simulator
training. The company has strengthened the
foreign material exclusion and walkdown
procedures for the containment, and has en-
hanced the refueling outage surveillance
procedure for visual examination of the
sump screens. For TMI-1, the B&W Own-
ers Group guidelines for sump blockage
were implemented and training in ECCS
pump throttling criteria was provided to
avoid damage in the early stages of poten-
tial sump blockage. New procedures for
cleaning and inspecting drains inside the
containment have been implemented. The
existing refueling outage inspection proce-
dures for the sump screen were determined
to be adequate.
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Ainger said that they are also looking at
removing the fibrous insulation associated
with the replacement steam generators.

Regarding costs, Ainger estimated that at
Byron and Braidwood, Exelon will spend
about $3 million over four years to pay for
all the evaluations, including additional en-
gineering analyses, licensing submittals and
responses to the NRC Generic Letter (NN,
May 2004, p. 15), and some insulation
modifications. For TMI-1, the estimate is
high, at about $4.5 million over four years,
as some extensive modifications inside the
containment seem likely.

Safety culture
During the Tuesday afternoon “Safety

Culture” session, Joe Carson, a licensed
professional engineer and a nuclear safety
engineer for the Department of Energy, ob-
served that ANS’s bylaws, which he said
have remained constant since the beginning
of the Society 50 years ago, should be re-
vised. The bylaws, he noted, “[don’t] reflect
that ANS holds a public trust when devel-
oping standards of care for its members.” 

Carson, a former member of the ANS
Special Committee
on Ethics, stressed
that he wanted to see
ANS as “an organi-
zation that is flexible,
responsive to mem-
bers, and capable of
dealing with change.”

Change is neces-
sary, he said, because
ANS has evolved
since its creation a

half-century ago. “Fifty years ago,” he said,
“I don’t think ANS held a public trust, but
I think it does now today.”

Examples of that public trust include
ANS’s role in accrediting engineering
schools for nuclear engineering, and its
work in developing codes and standards
that are adopted internationally. ANS, then,
has “an important role with nuclear science
and technology in public policy,” he said.

Carson, who described himself as an
“eight-time prevailing” DOE whistle-
blower (as detailed on his Web site, <www.
carsonversusdoe.com>), noted that the
words “ethics” and “peaceful” and the
phrase “promote the professional interests
of its members” are absent from ANS’s by-
laws. And although the word “safety” is in-
cluded in ANS’s goals, the bylaws do not
include “any form of the word ‘safe,’” he
said.

Carson suggested that ANS modify its
bylaws, mission statement, and goals to
more clearly capture its identity as a profes-
sional society. He also called for all nuclear
engineers to be licensed by states, some-
thing that is a “distinguishing characteris-
tic” of members of such professions as
medicine, accounting, and architecture.

“Engineers, by and large, are not licensed,”
he said. “Well, why not?”

ANS’s new code
Vic Uotinen, chairman of the ANS Spe-

cial Committee on
Ethics for 2003–
2004, remarked that
ANS does have a
new Code of Ethics,
replacing an earlier
code dating back to
1973, which was al-
tered somewhat in
1984. The new code,
which was adopted
by the ANS Board
of Directors in 2003,
is more specific and comprehensive than
the earlier version, and it “reflects the ex-
pectation of a more conscious commitment
to professional ethics by ANS members,”
he said.

The new code also is at the same level as
the ethics codes of several other engineer-

ing societies, such as
the American Soci-
ety of Mechanical
Engineers, American
Institute of Chemical
Engineers, Society of
Civil Engineers, and
IEEE. “I think it’s
important for us to
realize that all of
these engineering so-
cieties, by upgrading

their codes of ethics, were in essence send-
ing a signal to their constituencies that we,
as professional societies, consider profes-
sional ethics to be important, and that we
consider upholding this higher code of
ethics, this higher standard, to be a true
mark of professionalism,” he said.

Uotinen gave examples of how the new
code is an upgrade over the older version.
The old code, for instance, said, “An ANS
member shall hold paramount the safety,
health, and welfare of the public in the per-
formance of their professional duties,”
while the new code says much more: “We
hold paramount the safety, health, and wel-
fare of the public and fellow workers to
protect the environment and to strive to
comply with the principles of sustainable
development in the performance of our
professional duties.” It also adds a new
paragraph: “We will formally advise our
employers, clients, or any appropriate au-
thority and, if warranted, consider further
disclosure, if and when we perceive that
pursuit of our professional duties might
have adverse consequences for the present
or future public and fellow worker health
and safety or his environment.”

Another example is in the area of acting
in accordance with applicable laws and
practices. Whereas the old code didn’t men-

tion this area at all, the new code says, “We
act in accordance with all applicable laws
and these practices, lend support to others
who strive to do likewise, and report viola-
tions to appropriate authorities.”

Ethics and competency
Ethics and competency are interrelated,

remarked Dwight Baker, who was making
a presentation for the absent William Cor-
coran, of Nuclear Safety Review Concepts.
Baker said that if anybody at Davis-Besse
had operated according to the ANS Code of
Ethics, the vessel head degradation could
have been prevented from becoming so se-
vere. “You can certainly say that if you saw
[the signs of degradation, such as piles of
rust that collected on a flange] and ignored
it, if you were the manager who would have
signed off saying ‘We don’t need to work
on that,’ if you were the outage manager
who shut down [a vessel head cleanup job
prior to the degradation’s discovery],
maybe then there should be an ethics com-
plaint filed,” said Baker, of Cumberland
Consulting. “But I’d put a dollar to a donut
that those people are not ANS members.”

Baker said that in many cases where
workers “behave badly at the technical

level, those technical
people are neither
professional engi-
neers nor ANS mem-
bers, with no require-
ment that they be.”
Further, he said, in
“about 99 percent” of
the cases where a 
nuclear professional
should be punished
for ethical misbehav-

ior, the management personnel who would
make those decisions are not ANS members.

As long as there is no requirement that an
engineer be licensed, society will think
“we’re just computer programmers, and we
really don’t affect their health and safety,”
he said. Without that public pressure, there
will be no incentive for companies to hire
licensed engineers, or have existing staff at-
tain licensing. Without licensing, there will
be no living up to a code of ethics. “It’s re-
ally a public education job, to impose a li-
censure requirement just like for doctors
and lawyers,” he said.
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The new code [of ethics] . . .
“reflects the expectation of a
more conscious commitment
to professional ethics by ANS
members.”

Carson

Uotinen

Baker
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A S T H E W O R L D’S nuclear energy
nations have come into greater
agreement on nuclear power’s

medium- to long-term future—the develop-
ment of “Generation IV” reactor designs,
the coupling of these designs to hydrogen
production, and the opportunity for actinide
burning to extend fuel resources, deter pro-
liferation, and reduce radwaste genera-
tion—many of the speakers at the 2004 In-
ternational Congress on Advances in
Nuclear Power Plants (ICAPP 2004) agreed
in their presentations to such an extent that
some of them apologized for repeating what
others had already said. ICAPP 2004—
which this year was embedded as a topical
meeting in the ANS Annual Meeting in
Pittsburgh (June 13–17)—included five ple-
nary sessions, and despite the organizers’
attempt to give each session its own unique
theme, some overlap was unavoidable.

Whether there will be enough trained
professionals in place if there is a sudden
demand for new nuclear power was much
on the minds of several speakers. Andy
White, of General Electric Nuclear Energy,
told a plenary session audience that 40 per-
cent of GE’s employees in nuclear fields
are within five years of retirement age. He
called for an industry-wide focus on devel-
opment of a larger talent pool of nuclear
expertise. The next speaker, Russ Bell of
the Nuclear Energy Institute, also included
the aging nuclear workforce as one of the
main challenges facing the industry now
(and not just in the future). The other chal-
lenges, in Bell’s view: keeping fuel eco-
nomical and reliably supplied; managing
materials at aging facilities; securing nu-
clear facilities (Bell said they were safe be-
fore 9/11, and are safer now, but this is a
very high-profile public issue); and provid-
ing spent fuel disposal. Bell acknowledged
the problem that had arisen with high-level
waste funding, in which the Bush adminis-
tration had expected to use money from the
Nuclear Waste Fund but Congress had not
authorized it (see page 113, this issue), but
said that the Department of Energy, “with
industry support, is pursuing legislation”
to assure adequate funding for the proposed
high-level waste repository at Yucca

Mountain, Nev., in the FY 2005 federal
budget.

Later in that session, Peter Lyons, of the
Senate Committee for Energy and Natural
Resources staff, spoke more pointedly about
the Yucca Mountain funding situation. He
said that the way the administration pre-
sented the bill, with only $131 million to be
appropriated in the FY 2005 budget and
$749 million presumed to be available from
the Nuclear Waste Fund, created “an im-
mense problem,” and led to only the $131
million being approved for Yucca Moun-
tain, nowhere near enough for the DOE to
remain on schedule to open the repository
in 2010. Lyons also said that the entire FY
2005 budget request was “an immense sur-
prise” to the committee, leading to concern
that nuclear research and development could
be undermined, and that the reformulation
of the Idaho National Laboratory might not
be given a “focus for success.”

At the second plenary, Steve Melancon,
of Entergy Corporation, echoed the concern
about Yucca Mountain, and the extent to
which the future of new power reactors in
the United States depends on resolution of
the high-level waste issue. “Yucca Moun-
tain needs to become a reality,” he said, “or
I don’t think any new nuclear plants will be
built.” Also during his address, Melancon
recounted the formation of NuStart Corpo-
ration (an industry consortium seeking De-

partment of Energy matching funds to ap-
ply for site approval, design certification,
and licensing of new power reactors), but
departed somewhat in his personal views
from the procedure announced thus far for
NuStart, in which approval would be sought
from the Nuclear Regulatory Commission
for two sites, as well as certification for two
reactor designs, but ultimately the construc-
tion/operating license (COL) would be
sought for a single reactor design at one site.
Melancon said NuStart should choose at
least one plant for the COL; he would like
to see enough money made available to pur-
sue both designs, and both sites.

With the meeting taking place in the
United States, and with so many recent de-
velopments in the U.S. nuclear realm, the
above topics and more like them drew a
great deal of attention during the meeting,
but ICAPP is indeed an international event,
and speakers from most of the world’s large
nuclear power programs reported on nu-
merous technical and programmatic devel-
opments. Their reports, like those from the
U.S., ranged from improvements on exist-
ing reactors to the many first steps being
taken toward the goal of Generation IV.

South Korea’s vision
Next year’s ICAPP will be held in Seoul,

South Korea, and there was a substantial
Korean presence at this ICAPP, both to pre-
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Advances in Nuclear Power Plants (ICAPP 2004)

◆ South Korea aims for large H output 
by 2020

◆ European utilities judge next-stage
reactors

◆ MIT study on nuclear role in carbon-
constrained world

Baker said short of requiring licensing,
which is “really a big piece of work, and I
don’t know if it’s doable,” one way that a
plant can attain higher overall quality is to
provide long-term financial incentives to
company executives. “Think about it,” he

said. “Having the plant run well in the long
term is in the stockholders’ interest. So, there
may actually be a strategy that is doable,
from the business organization side of it.”

A case in point is that some ANS mem-
bers are utility executives with access to

compensation committees. These execu-
tives, he said, may “have some good ideas
on how to structure stock options that are
only exercisable seven years from now.”
—E. Michael Blake, Dick Kovan, Rick
Michal, and Nancy Zacha



sent papers and to promote the event in
2005. A table outside the topical’s largest
meeting room was stacked with brochures
on travel to Korea. The viewgraphs of three
of the five Korean speakers at the plenary
sessions had bands at the bottom reading:
“See you in 2005, ICAPP Seoul!”

During the first plenary, Joong-Jae Lee, of
Korea Hydro and Nuclear Power, traced the
development of nuclear power in South Ko-
rea, which is now sixth in the world in both
installed nuclear capacity and annual nuclear
power generation. He said that in some coun-

tries where nuclear power has been accepted
for some time, “challenges and new issues
are growing” (which could describe the
emergence of public opposition to nuclear in
both South Korea and Taiwan), and there is
a need for breakthroughs in technology and
cooperation within the nuclear community.
With 14 of South Korea’s 18 power reactors
achieving 2003 capacity factors above 90
percent, and the other four over 80 percent,
Lee asserted that outstanding performance is
the best way to respond to nuclear contro-
versy. As for technology breakthroughs, Lee
described the APR 1400 pressurized water
reactor being developed in Korea to supple-
ment and eventually replace the current gen-
eration of reactors; work has begun on the
first APR 1400, Shin-Kori-3, scheduled to
begin operation in 2011.

At the second plenary, Dong-Su Kim, of
Korea Power Engineering Company, de-
scribed the evolution of the APR 1400, the
latest step in the development of the nuclear
industry in South Korea—which has pro-
gressed over the past three decades from
turnkey projects through technology trans-
fer to indigenous advances. He said that the
current social environment (alluded to by
Lee) “requires unlimited safety” and “fault-
less and eventless operations.” He added
that in South Korea, as in the United States,
there is concern about the future supply of
trained personnel, as students are tending
not to pursue engineering. The belief that
public acceptance can exist only with per-
fect operation drew a comment from the au-
dience by Ted Rockwell, former technical
director of the U.S. Naval Reactors Pro-
gram. He said that one cannot convince the
public that there will never be an accident,
because one cannot reasonably make such a
claim. He advised that one should take the

position that the effects of any accident
would be mitigated, and rebut the argument
that exposure to any amount of radiation is
dangerous.

Chung-Won Cho, of South Korea’s Min-
istry of Science and Technology, extended
his country’s nuclear program into the fu-
ture during the third plenary, citing its pro-
posal for the System-integrated Modular
Advanced Reactor (SMART), for both elec-
tricity production and seawater desalination,
and participation thus far in Generation IV
projects. SMART is intended as a PWR

with the steam gen-
erator included in the
reactor vessel, offer-
ing enhanced safety,
economics, and en-
vironmental advan-
tages. For Genera-
tion IV and beyond,
Cho’s projections
were extremely am-
bitious, anticipating
a “waste-free and
pollution-free” nu-

clear fuel cycle with consumption of all ac-
tinides, and a timetable whereby South Ko-
rea would switch from fossil fuel to
hydrogen so quickly that nuclear energy
would produce 20 percent of the needed
hydrogen by 2020. Questioned about this
goal by an audience member, Cho said that
a 16-year program is now starting, aiming
at development of small-scale modular
gas-cooled reactors, but that wider appli-
cation was still under discussion, and the
20 percent goal should not be taken as a
firm commitment.

Jong-Hwa Chang, of the Korea Atomic
Energy Research Institute (KAERI), elab-
orated further on the 20 percent hydrogen
goal in his address at the fifth plenary. One-
fifth of the expected vehicle fuel demand
in South Korea in 2020 would require 8.5
billion barrels of oil per year, which could
be replaced by 3.3 million tons of hydro-
gen. KAERI’s anticipated demo nuclear
plant (a very high temperature gas-cooled
reactor, or VHTR) would produce about
30 000 tons of hydrogen per year, so at
least 100 plants of this capability would be
needed to meet the hydrogen goal. At the
same time, Chang said that security con-
cerns in South Korea—which still has a
hostile neighbor to the north—argue
against distributed nuclear-hydrogen facil-
ities, because of the potential for sabotage.
Therefore, the reactors—more than 100—
would be concentrated at a small number
of sites that could be guarded well.

New scheme in Europe
The lull in power reactor ordering in Eu-

rope has not been as long as that in the
United States, and with a new order placed
in Finland and another on the way in
France, it can be said that the lull is in fact

over. Still, plenty has changed in the decade
or so that elapsed, with moves toward the
opening of electricity markets and attempts
to normalize regulation. The old paradigm
of a state-owned electric utility ordering the
only design available from a state-owned
manufacturer is eroding, and one indication
of this is the development of European Util-
ity Requirements (EUR) documents, which
essentially tell manufacturers what the util-
ities want, need, and expect from power
plant hardware and services.

Gianfranco Saiu, of the Italian firm
Ansaldo, described the EUR process while
presenting a technical paper on the EUR
assessment of the Westinghouse AP1000
reactor design. The EUR effort began in
1991, with five utilities; six others joined
later. Along with expressing what the util-
ities wanted, the documents provide bases
for harmonization of safety approaches and
targets, design standardization and objec-
tives, equipment specifications and stan-
dards, and information for safety, reliabil-
ity, and cost assessment. In 1997, the effort
enlarged so that each document included a
Volume 3, which compared a specific re-
actor design against the requirements.
(Volume 1 includes nuclear island require-
ments, and Volume 2 covers balance-of-
plant.)

Development of a Volume 3 for the
AP1000 was based on previous work on ad-
vanced Westinghouse designs. Saui noted,
however, that while the utilities’ team was at
work on this volume (the process can take
years), Westinghouse moved on from the
design. Saiu said that although the AP1000
was driven by U.S. market considerations,
it had incorporated lessons from EUR work
on earlier designs, including a low-boron
core. As things stand now, the AP1000 is
slightly out of compliance with EUR, both
in technical areas (the cooldown time is
longer than what the EUR prefers) and in se-
mantics (whether it is preferable to state that
radiation exposures shall be as low as rea-
sonably achievable, or are as low as reason-
ably achievable). There will be more meet-
ings intended to resolve the differences.

Pierre Berbey, of Electricité de France,
spoke at greater length on the EUR’s place
in the evolving power generation environ-
ment in Europe. Even with efforts like
EUR intended to normalize agreement on
basic principles of safety and operation,
the differing regulatory schemes of indi-
vidual countries can work against stan-
dardization and increase costs. Berbey said
that there should be common “rules of the
game.” He noted that the Western Euro-
pean Nuclear Regulator’s Association is
working to define reference safety ap-
proaches that could become common to all
nuclear power nations in Europe. Berbey
also noted a number of non-nuclear chal-
lenges now faced by electricity organiza-
tions in Europe, such as the synchroniza-
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South Korea . . . has progressed
over the past three decades
from turnkey projects through
technology transfer to
indigenous advances.



tion of the western European transmission
grid with bordering nations like Poland
and Romania. In the end, Berbey said that
the EUR effort will try to deliver docu-
ments supporting four to six standard re-
actor designs; along with AP1000, EUR is
also doing Volume 3 work on the AES92,
an advanced version of the Russian VVER
water-cooled reactor.

A carbon-constrained world?
During the fifth and final plenary, Ernest

Moniz, of Massachusetts Institute of Tech-
nology (MIT)—who described himself as
neither pro- nor anti-nuclear—presented re-
sults from a 2003 MIT study on what might
happen if there is a significant worldwide
adoption of new nuclear power. (The study,
headed by Moniz and John Deutch, is posted
online at <web.mit.edu/nuclearpower/>.)
The study looked at the presence of a ter-
awatt of nuclear capacity in place by 2050
(for comparison, the current worldwide nu-

clear capacity is less
than half a terawatt).
Moniz said this does
not seem possible
without the emer-
gence of a “game
changer” that would
make nuclear the pre-
ferred choice for de-
cision makers and the
public. He said that
global warming ap-

pears to be the strongest candidate to be the
game changer. He said that if the only way
to prevent a self-reinforcing rise in the
greenhouse effect is to make this a “carbon-
constrained world” by reducing carbon
dioxide emissions, nuclear power and all
other nonemissive options would be needed,
and may not be enough.

Moniz said that a new, nonamortized nu-
clear plant with no federally backed financ-
ing cannot currently compete with coal- and
gas-fired generation (with CO2 not taken

into account). Not only must plant capital
cost be reduced, but a series of plants would
have to be built on budget and schedule to
show that financial risk is not excessive.
The MIT study concluded that there would
have to be tax incentives for the “first
movers,” who ordered roughly the first 10
reactors.

If the world is carbon-constrained, Mo-
niz said, the obligation to reduce emissions
would fall hard on the power industry.
Manufacturers that emit CO2 can be moved
offshore—in an observation specific to
Pittsburgh, he noted that Alcoa is moving
all aluminum production to Trinidad—but
power plants must remain connected to the
home nation’s grid. Moniz added later that
there will likely emerge a formal “cap-and-
trade” system of incentives for carbon
emission, started by the power industry in
return for a rational, stable system of fed-
eral oversight.

Moniz said that even if the openly estab-
lished “fuel cycle states” have 80 percent
of the expected nuclear generating capac-
ity, that would leave 200 gigawatts in other
nations, raising nonproliferation concerns.
Incentives to prevent rogue states from de-
veloping independent nuclear capability
would have to include not only assured fuel
supplies, but also spent fuel removal,
which means resolution of high-level waste
problems worldwide. Moniz said that it
would be necessary for spent fuel to be
stored for 50 to 75 years, despite what he
termed the industry’s “religion” of fuel cy-
cle closure. He noted that the expected car-
bon emission mitigation cost for fossil gen-
eration would be at least $50 per ton of
carbon, or $8 per megawatt-hour, which is
far more than all expected fuel and waste
costs for nuclear—so carbon constraint can
become an incentive for nuclear, in full
compliance with the Non-Proliferation
Treaty.

Although the MIT study looked at a large
addition of nuclear power extending to mid-
century, Moniz was dubious of a major
prospect used recently to argue in favor of
advanced nuclear power: hydrogen produc-
tion. He said that significant use of hydro-
gen as a fossil-fuel substitute “may be
decades away at a minimum . . . we’re all
getting carried away” on hydrogen’s likeli-
hood of displacing oil use. He advised the

audience not to lose
sight of the scale of
what would have to
be done (as had been
shown in the Korean
presentations re-
ported above). He
called hydrogen “in-
trinsically inferior”
to petroleum, and
said that nuclear
power should con-
tinue to be presented

as an electricity option, with no attempt to
oversell hydrogen.

Other presentations
There were occasional moments at ICAPP

2004 when it seemed that two U.S. reactor
designs—Westinghouse’s AP1000, and
General Electric’s ESBWR—were being

compared to one another. These are the de-
signs chosen by NuStart for certification, and
(despite Steve Melancon’s position) appar-
ent competition. Thus, fairly or otherwise,
the designs are now seen as linked, and in a
race that would end with one being the pre-
ferred choice and the other at least having to
wait. Atam Rao, of GE, in his presentation
to the second plenary on ESBWR, described
this reactor as having a capability of 1550
MWe (the AP1000 is currently rated at 1117

MWe), and said that
it will use compo-
nents similar to those
already being made
for the ABWRs com-
ing into service. He
admitted, however,
that the ESBWR is
not as far along as the
AP1000, which he
said is “two years
ahead of us” in the

design completion and NRC certification
processes.

In a session on the Very High Tempera-
ture Reactor (VHTR), which is the princi-
pal Generation IV design being pursued in
the United States, Phil McDonald, of the
Idaho National Engineering and Environ-
ment Laboratory, reported on a point de-
sign study that compared pebble bed core
design to the “block” design, with fuel and
moderator in parallel vertical blocks. He
said that he would not choose one over the
other, but concluded that fuel cycle costs
would appear to be lower for pebble bed
than for blocks. In the next paper, Yasushi
Muto, of Tokyo Institute of Technology—
working from different design assump-
tions—found that a cooling system that al-
lowed for horizontal as well as vertical
flow could help reduce some of the draw-
backs associated with pebble bed cores.
This flow pattern offers a 2 percent im-
provement in thermal efficiency and 5 per-
cent less core pressure drop, allowing the
maximum fuel temperature to be as low as
1110 °C.

Perhaps the most inopportune turn of
phrase at the meeting came from Norbert
Frischauf, of the European Space Agency’s
(ESA) European Space Technology Center,
who chaired the session on nuclear power
and propulsion systems, and opened it with
remarks on European perspectives on the
topic. After concluding that Europe should
work on materials and other support issues,
and decide later whether ESA should enter
reactor development, he said that it was
necessary to “go back to the classroom” to
educate the public on nuclear materials used
in spacecraft—to actively provide informa-
tion, “and not let it fall down from the sky.”
Whether a nuclear spacecraft would fall
down from the sky is, of course, exactly
what the public would worry about.—E.
Michael Blake
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T H E A M E R I C A N N U C L E A R Soci-
ety gathered June 13–17 in Pitts-
burgh, Pa., for its 50th anniversary

at a moment when memories of the ori-
gins of ANS—the aftermath of President
Eisenhower’s “Atoms for Peace” initiative,
and the numerous possibilities foreseen for
bringing nuclear science and technology to
applications for the benefit of all human-
ity—could be accompanied by optimism
for the short- and long-term future of the
field. The theme of the meeting was A
Golden Anniversary—A Golden Opportu-
nity, and although during the second half of
the Society’s existence no power reactor or-
ders have been placed in the United States,
the 1073 attendees who gathered in Pitts-
burgh in mid-June could look to a new re-
actor order in Finland, a likely order to fol-
low in France, the U.S. nuclear industry
consortia preparing to test the new system
for licensing, and signs of more favorable
public attitudes toward new nuclear plants
as indications that a nuclear power renais-
sance might occur in the United States early
in the Society’s second half-century.

The memories of the first half-century,
and the accomplishments of ANS and the
nuclear community, were evoked during
the 50th Anniversary Banquet on Sunday
night, the first official event of the meeting.
Susan Eisenhower, granddaughter of for-
mer President Dwight D. Eisenhower and
president of the Eisenhower Institute, gave
a presentation in which she noted the appro-
priateness of Pittsburgh—the birthplace of
commercial nuclear power generation—as
the location of ANS’s anniversary meeting,
and thanked the Society for helping to
transform her grandfather’s “Atoms for
Peace” vision into reality.

Following her talk, she introduced John
Simpson, ANS past President (1973–74)
and honorary chair of the meeting, and pre-
sented him with an ANS Presidential Cita-
tion for his lifetime of achievements. Simp-
son’s talk provided insight into the sense of
adventure that existed at the dawn of the nu-
clear age, and into what it was like to be one
of the nuclear pioneers. He related firsthand
stories about important figures of the early
times, and conveyed the excitement of those

who took nuclear through the transition
from wartime use to commercial power gen-
eration. He was one of 19 ANS past Presi-
dents in attendance at the dinner, where they
and the Society’s other previous leaders
were honored for their contributions.

Seizing opportunities
Speakers at the opening plenary session

on Monday morning touched on the meet-
ing’s theme, but tempered slightly their as-
sessment of the opportunities for nuclear

development in the coming years.
While all agreed that ANS, and nuclear

professionals in general, can do much to
seize the opportunities and broaden the ben-
efits to the nation and world from nuclear
energy, they made it clear that real progress
depends also on developments outside the
nuclear community, in the political and
public arenas. The consensus was that a nu-
clear renaissance is possible, and may be
becoming more likely, but can occur only
if issues such as high-level waste disposal
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On the 50th anniversary, golden
opportunities foreseen

◆ Nuclear renaissance possible, if issues
are resolved

◆ TMI-2 changed how the industry 
does business

◆ ANS should lead in presenting
demonstrated science

◆ Zero fuel defects should be the industry’s
goal

◆ Shift is away from prescriptive standards

◆ Nuclear desalination faces several
challenges

◆ Not just one solution to sump clogging 
at PWRs

◆ Improvements suggested to upgrade
safety culture



are resolved fully.
The early part of the session focused on

ANS matters. Joe Colvin, of the Nuclear En-
ergy Institute, presented the Henry DeWolf
Smyth Nuclear Statesman Award—a joint
award of ANS and NEI—to former ANS
President and Nuclear Regulatory Commis-
sion Chairman Joseph P. Hendrie. Stephen
R. Tritch, of Westinghouse, a general co-
chair of the meeting, read a letter from Pres-
ident George W. Bush congratulating ANS
on its 50th anniversary. Then the other meet-
ing co-chair, Gary Leidich, of FirstEnergy
Nuclear Operating Company, presented a
video that pointed out some of the nuclear
community’s many roots in the Pittsburgh
area: the original power reactor at Ship-

pingport (both as a
light-water reactor
starting in the 1950s,
and as a light-water
breeder reactor start-
ing in the 1970s), and
the nearby two-unit
Beaver Valley plant
in operation today.

Leidich then pre-
sented the plenary
speakers. Sen. Larry

Craig (R., Ida.) was unable to attend in per-
son, because the various memorial services
for the late President Ronald Reagan in
Washington, D.C., during the previous
week had forced legislative business to be
rescheduled; he sent a videotape in which
he explained that work on defense high-
level waste appropriations forced him to re-
main in the capital. (Technical glitches in
the video, and Craig’s largely off-the-cuff
remarks, supported the impression that
Craig had indeed changed his plans sud-
denly and made the video only as a last re-
sort.) Craig said that there was still a “slim
but outside chance” that comprehensive en-
ergy legislation could be passed by Con-
gress before this year’s election. He noted
the public’s reaction to this year’s rise in
gasoline prices, and said, “This reality
check . . . may well jar Congress into ac-
tion.” He added that any serious push by the
federal government for new energy sources
would include a large nuclear component.

Current NRC Chairman Nils J. Diaz
joined in the celebratory mood of the ses-

sion, praising nuclear
pioneers (including
past ANS Presidents)
for the legacy they
have left, including
power reactors and
other nuclear facili-
ties now in opera-
tion. But he said that
the technology’s
safety record “is not
to be taken for

granted,” and the prolonged outage at
Davis-Besse (and the discovery there of an

eroded cavity in the upper vessel head)
should serve as a wake-up call. He noted
that the Three Mile Island-2 accident in
1979 forced a realignment of the nuclear in-
dustry, and an awareness that a problem at
one plant can reflect on all others. Diaz en-
dorsed the prescriptive approach to regula-
tion in use at the time, but said that several
hundred reactor-years of additional operat-
ing experience, and the development of risk
analysis techniques, have made it possible
for regulation to become more risk-in-
formed and performance-based. Also, rais-
ing an issue that would be revisited by
many other speakers
at the meeting, Diaz
noted that the new
generation of profes-
sionals entering the
nuclear fields is not
large enough to re-
place the retiring pi-
oneers, and said that
ANS is “never more
needed than today”
to assure an abun-
dant supply of qual-
ified personnel.

Pittsburgh was also important in the de-
velopment of the nuclear Navy, through the
Bettis Laboratory. Thomas H. Beckett,

deputy director of
the Naval Reactors
Program, summa-
rized the program to
date, noting that it
has logged more
than 130 million
miles of submarine
travel without a sin-
gle accident, health
impact, or instance
of environmental

damage. He credited this record to the core
values established by the program’s
founder, Adm. Hyman Rickover: technical
excellence and competence, meritocracy,
acceptance of complete responsibility,
training of and challenge to all personnel,
firm authority, and total commitment to
honesty, safety, and environmental stew-
ardship. Beckett also noted that unlike in
the civilian power sector, naval reactor or-
dering has not paused, with new orders
placed in the 1980s, 1990s, and since 2000.
Later this year, he added, the first Virginia-
class submarine will be commissioned,
with a core intended to last for the whole
33-year life of the craft.

Kingsley’s seven points
Next to speak was Oliver D. Kingsley,

Jr., chief operating officer of Exelon, with
remarks that were to be cited and quoted
frequently by other speakers for the dura-
tion of the meeting. Kingsley recalled that
five years earlier he had told a reporter that
a nuclear renaissance was approaching, and

said he believes that it is now in its early
stages—but does not
have an assured fu-
ture. After summa-
rizing the activities
to date of the NuStart
consortium, of which
Exelon is a member,
and its plan to apply
for site approval and
a construction/oper-
ating license even
though none of the

NuStart partners currently intends to order

a reactor, he listed seven preconditions that
would have to be met before new plants
would be built:
■ The market must create a demand for
more power. Kingsley noted that there have
been about $50 million in losses from “mer-
chant” plants, built as speculative invest-
ments with traditional rate-base inclusion,
and this environment won’t support nuclear
plants. Reserve margins are declining, how-
ever, and Kingsley said that with 90 percent
of all recent generation additions being gas-
fired, there has been an adverse effect on
the price of gas in the fuel’s traditional mar-
kets, like fertilizer and home heating. He
said that the price of gas in four major Ex-
elon regions translates to electricity costs in
excess of $50/MWh for that fuel.
■ Someone, preferably a utility CEO, must
lead the way, perhaps risking the presumed
ire of the financial community by showing
a clear intent to build a new nuclear plant.
Kingsley cited the late William Lee, of
Duke Power Company, as an example of
the kind of leader who would be needed.
■ There must be new, deliverable technol-
ogy—not experimental, but already able to
provide “operational comfort.” The ABWR,
for instance, already has operational expe-
rience. The certification of the AP1000 and
ESBWR may satisfy this condition, from
the standpoint of NuStart.
■ There must be regulatory predictability
and stability. Kingsley said that he thinks this
is in place now as far as reactors are con-
cerned, but said that it would be difficult to
announce new orders unless another regu-
lated project—the proposed high-level waste
repository at Yucca Mountain, Nev.—is de-
termined to be a licensable site.
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■ Acceptable financial returns must be
available. Kingsley said that construction
cost is a major concern, and there should be
financial incentives for “first movers” who
would make their commitments before
economy of scale and proven performance
could make reactor ordering more attrac-
tive. He noted that there is currently 10
times as much federal funding for fossil and
renewable energy as there is for nuclear.
■ The infrastructure to design and build
power reactors must be reestablished. He
recalled attending a World Association of
Nuclear Operators meeting in Osaka, Japan,
and wondered if there were more nuclear
construction capability around Osaka Bay
than in all of the United States. He said the
issue is not just whether there are enough
engineers and university nuclear programs,
but whether craft workers, technicians,
training programs, and apprenticeships will
be in place.
■ There must be public confidence in nu-
clear power. Kingsley exhorted nuclear
professionals to quit apologizing and pro-
claim the progress of power reactors. Re-

turning to the financial state of the elec-
tricity industry in general, he noted that
since the start of 2002, the Dow-Jones util-
ity index was down 13 percent overall, but
the stock prices for nuclear plant owners
had risen, and the six utilities that have
bought power reactors from other utilities
are up 65 percent. He added that the nu-
clear industry will not be able to tolerate
poorly performing reactors anywhere in
the country. “If you’re not getting better,”
he concluded, “you’re certainly moving
backwards.”

The final speaker was Luis E. Echávarri,
director-general of the Organization for
Economic Cooperation and Development’s

(OECD) Nuclear En-
ergy Agency. He
said there are now
more than 10 000 re-
actor-years of expe-
rience worldwide,
but OECD countries
are growing more
dependent on energy
from unstable re-
gions of the world.
He said that the Ky-

oto treaty on carbon dioxide emission lim-

itation is an important aid to nuclear devel-
opment, and cited as an example the order
for the Olkiluoto-3 reactor in Finland a few
months earlier.

There remains, however, great uncer-
tainty on upcoming energy choices in many
nations. Echávarri said that countries accus-
tomed to command-and-control decision-
making are being forced to learn about the
workings of the market. He also mentioned
the Generation IV international forum, with
11 countries working on six advanced reac-
tor concepts, as a way for the worldwide nu-
clear community to help advance the tech-
nology to newer systems and a gateway to
the hydrogen economy.

Questions for the panel
In the ensuing panel discussion, Leidich

asked Kingsley how ANS could help meet
the seven preconditions. Kingsley replied
that the Society and its members could help
uphold nuclear education, stress positives
in public debates, and serve as a common
ground for the whole nuclear community.

Kingsley’s call for a CEO to lead the way
in plant ordering
prompted a question
from the audience
by former ANS
President Andrew
Kadak, who asked
Kingsley if he were
volunteering. Kings-
ley (Exelon’s COO,
not CEO) said only
that Exelon is will-
ing to make a sub-
stantial investment

once other needs are met—especially re-
garding Yucca Mountain.

On the same topic, Kingsley was asked
about a recent statement by Dominion En-
ergy CEO Thomas Capps, that the utility
consortia have “unrealistic” ambitions (NN,
July 2004, p. 12), and whether Kingsley
saw NuStart evolving eventually into an en-
tity that would order, build, and operate
new reactors. On the Capps statement,
Kingsley acknowledged the awareness of
financial risk that gave rise to it, and said
that NuStart is nowhere near the point of
considering an order, but added that it
would be worthwhile for several utilities to
be involved, and share the accompanying
risks.

To an extent, the panelists were chided
by audience members for limiting their
near-future focus. One questioner said that
economy of scale argued for resuming con-
struction with more than one reactor;
Kingsley said that the first step had to be the
establishment of a single reactor project,
and that if it went as intended, others would
follow. “My heart says eight,” he said, “but
my head says one.”

Another questioner wondered whether
the addition of new reactors would put a

strain on the uranium
supply in the once-
through fuel cycle
now in place, and
whether nuclear
could expand with-
out breeder reactors.
Tritch responded that
the focus should stay
on what’s needed to
resume reactor or-
dering, and that it

would be unwise to push for breeders.

TMI-2: The lessons learned
It was 25 years ago in March that the

commercial nuclear industry learned that it
was fallible. In the aftermath of the accident
at Three Mile Island-2, the industry made
changes in almost all aspects of how it did
business, from education and training and
plant operations, to regulatory oversight,
and brought the phrase “lessons learned”
into the nuclear lexicon. The Monday after-
noon session at the ANS Annual Meeting,
“Twenty-five Years After TMI-2: Lessons
We Need to Remember,” took a look at
some of those changes and asked the ques-
tion: Are we starting to forget why we made
these changes in the first place? The session
was organized by Jim Byrne, of FirstEnergy
Nuclear Operating Company, sponsored by
the ANS Decommissioning, Decontamina-
tion and Reutilization Division, and
cosponsored by the Education and Training
Division and the Operations and Power Di-
vision.

Bob Long was a vice president at TMI
operator GPU Nu-
clear when the acci-
dent occurred. With
the accident now 25
years in the past, he
felt compelled to re-
mind the session au-
dience just how dev-
astating the accident
had been for the re-
actor and the com-
pany that owned and

operated it. As he noted, the reactor core
was destroyed, with 70 percent of the fuel
damaged and more than 50 percent of it
melted; a million gallons of highly contam-
inated water collected in the reactor and
auxiliary building basements; a large vol-
ume of krypton gas accumulated in the re-
actor building; and local residents suffered
considerable mental stress and local busi-
nesses suffered economic losses. And be-
cause of the high levels of radioactivity af-
ter the accident, much of the damage would
remain unknown for many more years.

The full picture of just how damaged the
reactor was began to emerge in 1986, Long
said. The first images of the shattered fuel
rods, the molten mass at the bottom of the
vessel, the melted instrument tubes, remain

Long
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“burned into the memory of everyone in the
power business,” Long commented. In ad-
dition, as reported in 1993, accident ana-
lysts eventually determined that a square
meter section at the bottom of the reactor
vessel reached 1100 °C, which is consid-
ered white hot. Nonetheless, the vessel did
not rupture.

The social consequences of the accident
were equally dramatic, Long said. Although
there were no deaths or injuries, the plant
was ruined, never to operate again; it took
a billion dollars to clean up the mess; ad-
joining TMI-1 was shut down for more than
six years; GPU was driven to the edge of
bankruptcy (its stock dropped from $18 a
share before the accident to just over $3);
the public emotion about the accident re-
mained intense, with people still express-
ing concern about living near TMI; and bil-
lions of dollars were spent worldwide to
improve plant safety and performance.

Tony Barratta, professor emeritus at
Penn State Univer-
sity, discussed the
accident’s impact on
nuclear engineering
education. Prior to
the accident, nuclear
engineering educa-
tion programs had 
remained somewhat
static, but not long
after the accident,
enrollments began to

increase—driven, Barratta said, by a re-
sponse to the challenge of making nuclear
energy safer, especially among the better
students. This increase, however, was short-
lived, especially after the 1986 accident at
Chernobyl disillusioned students who
thought things had changed and as the 
“cyber revolution” enticed the cutting-edge
students away.

Today enrollments are again increasing,
but the ability for the nation’s universities to
respond has decreased. Only 27 university
reactors remain operational. Today’s fac-
ulty members often lack a depth of under-
standing (few have power reactor experi-
ence, Barratta said). Many programs have
merged into more traditional engineering
fields (mechanical, electrical, etc.), which
can create problems for nuclear engineer-
ing education because the traditional pro-
grams often do not provide the emphasis on
safety that the specialized programs have.
Most important, Barratta concluded, indus-
try support has been lagging, and industry
especially does little to support faculty re-
search, an area that universities still find
valuable.

Changes in training, operations
TMI also changed the face of nuclear

training forever, noted Jane LeClair, from
Constellation Energy’s Nine Mile Point nu-
clear station. At TMI, she said, operators

were faced with a situation they had never
seen before, were working with confusing
procedures, lacked a fundamental knowl-
edge of the reactor workings, and had no
knowledge of lessons learned from previ-
ous operating experiences at other plants.
Among nuclear utilities, prior to 1980, op-
erator training was considered a minor
function, and training staffs were poorly
funded and inadequately staffed.

After TMI, the industry worked quickly
to fill the training void. In May 1982, the In-
stitute of Nuclear Power Operations (INPO)
established an accreditation program for the
industry, and the industry responded by
preparing its training programs for accredi-
tation. The U.S. Nuclear Regulatory Com-
mission endorsed the INPO accreditation
program in March
1985, and issued a
training rule in April
1993 that recognized
industry’s training
and accreditation ef-
forts. And the Amer-
ican Nuclear Society
developed standards
for training and qual-
ification of nuclear
plant personnel.

More specifically,
she said, the industry systematized its train-
ing program; increased eligibility require-
ments for senior operators and operators;
added training in heat transfer, fluid flow,
and thermodynamics; increased training
emphasis on reactor transients and on mit-
igating core damage; and toughened NRC
licensing examinations. Finally, plant-spe-
cific simulator training became the norm for
all operator training.

Changes in plant operations were ad-
dressed by Pete Sena, operations manager
at Beaver Valley. “It’s all about people
these days,” he said, and “managing people
is tough.”

Sena outlined the way an “effective or-
ganization” looks at operations. Among the
highlights: an emphasis on people, and
“ownership” by employees and unions of
the tasks they are assigned to do; an em-
phasis on constantly improving perfor-
mance; team benchmarking with other
plants; and high expectations. For exam-
ple, an effective organization looks at a
“near miss” as a failure, and constantly re-
views minor slips. A less effective organi-
zation, on the other hand, might look at a
near miss as a success, because, after all,
nothing bad happened.

At Beaver Valley, every job is briefed
prior to the job and afterwards. Lessons
learned are saved and incorporated into fu-
ture procedures. “Peer checks” provide a
second set of eyes for every action. Sena ad-
mitted that industry is split pretty much
50/50 on peer checks, but he feels that they
serve a valuation function. “If you do it right

the first time as a result of a peer check, ul-
timately your productivity goes up.”

A dedication to following procedures is
another important aspect of operations at
Beaver Valley. “We have procedures for
following procedures,” Sena laughed. But
by emphasizing procedures, he said, “oper-
ators stay in ‘rule-based land,’ and don’t go
into ‘knowledge-based land.’”

Regulations and response
The accident brought a new world view

to the NRC, noted David Matthews, direc-
tor of the agency’s Division of Regulatory
Improvement Programs. In addition to a raft
of new regulations, the accident brought
about an increase in opportunities for the
public to make their opinions known dur-

ing the regulatory process. This provided a
sea change in the utility world, where the
prevailing attitude had been that it’s best if
no one knows about them. Even today, he
said, some utilities still look at the public
process as an intrusion, but the NRC is
committed to the change.

One problem the NRC still faces is “con-
necting the dots” from previous experi-
ences, because there are still roadblocks to
data sharing. Can we use INPO experience
or is it confidential? Some foreign countries
may not want to share experience that might
reflect badly on them. In many ways,
Matthews said, we face the same problems
as the many entities of the intelligence com-
munity—that is, whose data is it, anyway?

In subsequent discussion, Long men-
tioned one other area of improvement:
emergency response. There was no such
thing as an effective emergency response
program when TMI happened, he said. In
those pre-cell-phone days, there were no
telephones for reporters to call in their sto-
ries (the only telephone was in the control
room, Long commented, and it had been
“off the hook” since the accident), no
trained briefers, no equipment or supplies
for briefers or reporters. “We had a trailer
with no furniture, no pencils, no paper,
nothing,” Long said.

Today, 25 years later, the good perfor-
mance of today’s nuclear plants is testament
to the effectiveness of the post-TMI im-
provements. But “continuous vigilance” is
needed, Long cautioned. Indeed, he noted,
things are not as good as you would like

Barratta
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them to be, and they are not in an improv-
ing trend. For example, significant events
increased 40 percent in 2003; forced shut-
downs during the first 10 days after a refu-
eling outage have increased; and since
2000, there has been a 27 percent decrease
in the number of plants in INPO’s “excel-
lent” category. And, Long concluded, the
recent issue of the corroded reactor head at
Davis-Besse proves that the industry must
remain vigilant, and must never forget the
lessons learned from this country’s worst
commercial nuclear accident.

Realism: Set the record straight
In the ANS President’s Special Session,

Realism in Evaluating Nuclear Hazards,
outgoing President Larry Foulke said that

one of ANS’s priori-
ties is to be a source
of credible informa-
tion on science and
technology. A criti-
cal issue that needs
to be put right in this
regard, he said, is the
discrepancy between
the apocalyptic de-
piction of a nuclear
accident and the

demonstrated scientific facts. As members
of this Society, Foulke said, “we have a re-
sponsibility to correct this.”

ANS, he added, “should take a leadership
position” on this issue, and he added his
hope that this session would mark a step
along the way. The speakers, said Foulke,
would be describing how conservatisms in
the models, methods, and input have led to
calculations predicting that there would be
high levels of cancer fatalities and risk, and
would show that these conservatisms and
the results of the calculations have no basis
in reality. Using conservative values and
computer models that actually reflect real-
ity, he noted, the numbers associated with
consequences become ever so small.

The session was led by Ted Rockwell,
who, at Foulke’s re-
quest, has been head-
ing up a group prepar-
ing a White Paper on
this topic. Rockwell is
currently vice presi-
dent and founding of-
ficer of Radiation,
Science & Health,
Inc., an international
public interest organi-
zation of independent

radiation experts committed to bringing radi-
ation policy into line with scientific data and
theory.

Nuclear experts’ attitude, Rockwell said,
is that a major core accident would never
be allowed to happen, because that would
mean the end of nuclear power. It is some-
thing so unimaginable that there is no de-

sire even to want to talk about it. In fact, a
lot of work has been done to determine re-
alistic scenarios of the release and disper-
sion of fission products and how the conse-
quences are limited by the actual physical
properties of the materials at hand. There is
a good realistic story to tell, he said, based
on facts, knowledge, and understanding.

Rockwell explained how this issue has
come to a head. About two years ago, Nu-
clear Regulatory Commission Chairman
Nils Diaz began ad-
dressing ANS and
other organizations,
saying that it is nec-
essary to start using
realistic figures. We
cannot continue us-
ing extreme unreal-
istic assumptions.
“Here is the chief
watchdog telling us
that we do not be-
come safer going to
extremes,” said Rockwell, who added that
Larry Foulke has taken on the challenge and
is personally championing this issue.

Ian Wall, a consultant and the first
speaker, was involved in the early work at
EPRI on accidents and has contributed to

the White Paper. He
became involved in
risk assessment in
1967 while working
at General Electric.
Upon joining the
NRC in 1974, said
Wall, one of his first
jobs was to correct a
serious error in the
consequence model
then used. He devel-

oped a new code that showed that the con-
sequences were concentrated mainly near
the plant, that there would be time to evac-
uate, and that the risks become very small
at distances farther away from the plant.
“The point,” he said, “is that realistic mod-
els changed our perspective about offsite
consequences.”

By introducing realism, said Wall,
WASH 1400 (known as the Rasmussen Re-
port) also changed the perspective of what
was important to reactor safety. Prior to
WASH 1400, the consensus of experts was
that the probability of core damage was in-
finitesimally small, while the consequences
were very large. WASH 1400, he said,
showed that the probability was larger than
expected, but the consequences were tiny.

Prior to the accident at Three Mile Island-
2, safety experts assumed that the iodine re-
leased would be elemental and gaseous and
a large fraction would be discharged to the
atmosphere. Under this premise, said Wall,
the TMI accident sequence should have re-
leased millions of curies of iodine-131. It
turned out that only a very small amount

was released. The subsequent investigations
identified mechanisms—such as nuclides
being dissolved in water and plating out—
that meant most were retained at the plant.
This further changed the perspective of the
consequences of reactor accidents.

During the 1980s, EPRI undertook work
on accidents, which added more realism.
Wall’s part involved setting out a program
of experiments to characterize and measure
the retention of radioactive material within

fuel, within the reactor system, and within
the containment. This resulted in a tenfold
reduction in the WASH 1400 source term.

In general, Wall said, a much better job is
being done than before. He added that re-
actor designs should be conservative, but
should be supported by probabilistic risk as-
sessments that are as realistic as possible.

Realistic conservatism
Before introducing the next speaker,

Rockwell explained another event that is
driving this work. Recently, an antinuclear
report analyzing a hypothetical fuel pool fire
associated with a terrorist attack predicted
thousands of radiation-induced deaths hun-
dreds of miles away, and demanded that all
such fuel be transferred to dry storage casks.
The report was given to Congress, which
asked the National Research Council to look
into it. The authors said that they did not in-
vent the numbers and the methods used:
They were taken directly from reports pre-
pared by Sandia National Laboratories and
other nuclear laboratories. In fact, the NRC
accepted this point, and to its credit took up
the challenge, realizing that there is a wider
issue here. In its testimony, the commission
underlined that the type of analysis done
here—the sort carried out over many
years—is not relevant to the real world be-
cause the premises are too unrealistic. The
NRC explained that the premises may have
been right for scoping studies, when they
were looking to bound a problem, but they
are not right for predicting deaths.

The next speaker was Farouk Eltawila,
director of the Division of Systems Analy-
sis and Regulatory Effectiveness in the
NRC’s Office of Nuclear Regulatory Re-
search. Eltawila began by defining “realis-
tic conservatism,” a term coined by NRC
Chairman Diaz, who believes that public
policy should not be based on the most con-
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servative assumptions and extreme scenar-
ios. Conservativism, he said, means em-
ploying a defense-in-depth strategy and en-
suring there are adequate safety margins.
Realism comes from using the best infor-
mation you have from science, engineering,
and operating experience.

Today, the commission has much better
knowledge of phenomena such as fracture
mechanics and aging, Eltawila explained.
This helps reduce uncertainties, improve
the quantification of safety margins, and
provide a better understanding of the safety
issues associated with accidents. This is
helping the NRC move away from the use
of the traditional deterministic conservative
assumptions to calculate consequences, to-
ward what he called “risk-informed realis-
tic conservatism.”

Regarding the issue of a spent fuel fire,
Eltawila discussed NUREG-1738, a spent
fuel pool analysis carried out in 1999–2000
by Sandia and Brookhaven national labora-
tories. This study was done for a specific
purpose and used a great deal of conser-
vatism. In fact, it assumed the worst possi-
ble scenario. In this case, he said, the analy-
sis gave a very low risk, which the NRC
said was acceptable. There was no reason
to go further because the answer already
provided the information needed to make a
regulatory decision. The NRC understood
the conservatism used, he noted, which in-
volved assumptions that were not realistic
or appropriate for making a decision regard-
ing a terrorist attack—a situation where re-
alism is needed. Unfortunately, he said,
people have tried to extrapolate that type of
information from a hypothetical accident to
a terrorist attack and have come up with a
huge number of cancer fatalities.

The NRC’s latest review, said Eltawila,
indicates that the pool’s structure is very ro-

bust and the location of fuel in pools make
them highly resistant to terrorist attack. A
transient analysis has indicated that fuel is
more easily cooled and the decay heat level
is much lower than predicted in earlier stud-
ies. There are at least 24 hours from the
time the pool empties of water and the start
of fuel damage and the release of fission
products. 

The review, said Eltawila, shows that the
demand for the transfer of spent fuel from
the pool to dry casks at the cost of billions

of dollars is not justified. He added that the
NRC has identified a strategy for loading
spent fuel into the pool that can substan-
tially reduce cooling
time of freshly dis-
charged fuel, further
reducing any conse-
quences from an in-
cident.

Rockwell com-
mented that Eltawila
and Diaz are owed a
big vote of thanks
for tackling this is-
sue, and recognizing
that although some
try to characterize it differently, no one is
trying to reduce safety. “Getting more real-
istic is not reducing safety, it is getting
safer.”

Transport realities
Ruth Weiner, senior staff scientist at San-

dia National Laboratories and a member of
the NRC’s Advisory Committee on Nuclear

Waste, described the
arbitrary premises
that produce large
overestimates of ra-
diation dose from a
postulated radiologi-
cal incident involv-
ing nuclear transport.
Since records on
transportation inci-
dents began, there
have been only 90

cask accidents, none of which released ra-
dioactive materials or ionizing radiation.
This is not surprising, she said, given the
extreme tests undertaken.

Conservatism in transportation is used,
she said, at four points: computer models;

inputs to the model;
interpretation of re-
sults; and the notion
of the bounding
case. This last one,
she noted, implies
that if we can show
that nothing much
happens in the worst
possible case, then
clearly the situation
is not bad. These
four conservatisms

were used in NUREG-0170 (1970), the first
environmental impact statement on trans-
portation of radioactive material by air and
other means. The NRC and utilities still use
it, with advanced computer codes of course.

Weiner then described what real mea-
surements do to a conservative model. To
show this, she described the calculation of
dose from an incident-free transportation
operation. In this case, the truck is modeled
by a sphere rolling down the road with dose
measured at 1 meter from the surface. There

are other conditions, such as that the truck
stops every 100 miles for an inspection in
a crowded urban area, and that no one

moves. There was no validation done on
this until a few years ago, she said, when a
graduate student did some actual measure-
ments at Hanford. It turned out that this
model is extremely conservative.

“You give it stupid numbers,” she said,
“and it gives you stupid numbers back.”
The model never tells anything that it is not
told first, she said, adding that opponents
say they use the same models as those used
by the experts and get tremendously high
doses. The reason, Weiner explained, is
that they start with tremendously high
numbers.

The modeling of real accident situations
is more complex, she said. Her colleagues
at Sandia came up with NUREG-6672,
which constructs 19 accident scenarios for
trucks and 21 for rail. This gives much more
realistic levels of doses of release than the
previous NUREG, she noted, but is still ex-
cessively conservative.

The facts about buried HLW
Bernard Cohen, professor emeritus of

Physics and Environmental and Occupa-
tional Health at the
University of Pitts-
burgh, focused on
the concerns of high-
level waste (HLW)
buried a half-mile
underground. Cohen
has authored many
papers and several
books on assessing
nuclear power risks.
For the purposes of

his talk, he used rock as an analog for
HLW—in its own form, encased or con-
verted into glass or into another rock-type
matrix known as “Synrock.” He queried
that if the HLW is buried a half-mile un-
derground, why should this be dissolved
out by groundwater any sooner than 2000
feet of rock above it? We understand nat-
ural rock, he said, and we ought to use this
understanding.

An example of not using what we know
about rock was a study carried out about 20
years ago by the National Academy of Sci-
ences (NAS) on HLW glass that presented
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calculations of releases and health effects.
It did not identify anything catastrophic. Go-
ing over this work, however, Cohen saw
how totally unrealistic it was. Taking the
method used by the NAS, the rock 2000 feet
deep would dissolve at a rate of about 1 per-
cent per year—so in other words, it would
last only about 100 years. But it is well
known that rock 2000 feet deep dissolves at
a rate of about one ten-millionth of a percent
per year and lasts about 1 billion years. In
other words, they made an error of a factor
of about 10 million. He showed other weak-

nesses in the NAS approach, and in the end,
he observed that this report, hailed by the
nuclear industry at the time, made all the
mistakes that Ted Rockwell talked about.

Cohen also discussed the risk of cancer
fatalities due to buried HLW generated
from 100 nuclear plants, and compared it to
the risks from coal-fired plants. The bottom
line is that each of the three different types
of waste released from coal burning—air-
borne pollution, chemical carcinogens in
coal ash, and radioactive waste in coal (ura-
nium, thorium, and radium, and the subse-
quent radon emissions)—cause 1000 times
more deaths than HLW. Cohen added that
the natural radioactivity in the ground
above the waste from uranium and thorium
provides 100 times more cancer doses than
the waste.

Cohen also “unpicked” the picture that the
antinuclear groups try to paint. For example,
groundwater does not flow like a river; it is
more like dampness seeping through the
ground. At Yucca Mountain, groundwater
moves at about 1 foot per year. He also noted
that it would take groundwater at 2000 feet
below the surface about 1000 years to get to
the surface. Any radioactive material, how-
ever, would be held up by a number of
processes, and would be expected to take
1000 times longer to get to the surface.

ANS White Paper
Rockwell concluded with some thoughts

about the White Paper (ANS member input
on the White Paper was being requested as
of late June on the ANS Web site). The re-
port, he stressed, is a working document de-
signed to get the message clear as to what
the realistic facts are about radiation haz-
ards in the worst case and in the real situa-
tions people face.

He particularly wanted to “knock out”
two false premises: that a severe accident
would be the end of the world and that “one
damn ray will kill you.” As an example of
the problem, he noted that when an incident
occurs, such as the Davis-Besse problem, it
is usually reported as almost a major acci-
dent, as if a small hole in the reactor would
lead to thousands of deaths.

As for very low-dose radiation, Rockwell
said that there is no real scientific basis for
assuming it is harmful. In fact, he observed,
there is considerable evidence that some ra-

diation is beneficial.
He noted that the
goal is not to try to
overturn the science
on which their rec-
ommendations are
based, and said that
he believes that
many of the advisory
committees promot-
ing the linear no-
threshold concept
have been remiss in

their not examining, evaluating, and report-
ing on the massive amount of evidence on
the beneficial effects of low-dose radiation.

Rockwell also challenged the idea that it
is safer and more beneficial to assume that
the world is different than it is. Putting
some realism in place of “silly” premises
does not represent a decrease in safety, he
said. He was not talking about regulators’
yielding to pressure from the industry to be
less safe. If a most realistic assessment of
the situation is made, “with conservative el-
bow room,” then there will have been
movement toward “safer, not less safe.”

Fuel issues
The long-term success of the nuclear

power industry and light-water reactors in
particular is tied to the reliability of nuclear
fuel, according to Ivan Maldonado, associ-
ate professor of Mechanical, Industrial and
Nuclear Engineering at the University of
Cincinnati.

The industry is increasing capacity fac-
tors and cycle lengths at the same time that
power uprates are occurring. By many ac-
counts, these factors “are conspiring to test
the bounds of the performance and reliabil-
ity of nuclear fuel,” said Maldonado, orga-
nizer of the session on “Current Issues in
LWR Nuclear Fuel Performance and Reli-
ability.”

Zero fuel defects should be that bound-
ary of performance and reliability, sug-
gested Bill Pierce, site vice president at
Beaver Valley nuclear power plant, oper-
ated by FirstEnergy Nuclear Operating
Company (FENOC). Beaver Valley has
two Westinghouse pressurized water reac-
tors. Unit 1 is rated at 821 MWe (net) and
Unit 2 at 831 MWe (net). “We need to chal-
lenge the fuel vendors to continue robust

fuel development,” Pierce said. “We need
to challenge the core designers to guard fuel
margins. We have to challenge fuel han-
dlers to protect fuel during movement. We
need to challenge workers to prevent for-
eign material exclusion [FME].”

Pierce chastised the industry for not hav-
ing a goal of zero fuel defects, and for its
“lack of [having] a cohesive plan to achieve
the things we need to achieve regarding fuel
performance.”

The industry, he continued, should get to
a point where a defective fuel pin at a nu-
clear plant would be something that draws
interest. “Today, we look at it as an ac-
cepted thing,” he said. “If it happens, we
feel like we’re powerless to deal with it.
We’ve got to get to a point where we see
fuel defects as something we’re not going
to tolerate.”

Underlying the zero-defect goal is a non-
technical issue, meaning that it’s the gen-
eral public that demands perfection from
the nuclear industry. “I think the public do-
main that allows us to operate these plants
expects us to have zero fuel defects,” he
said. “I just believe that it’s bad business to
have fuel leaks [because any minor nuclear
blip is perceived by the public as a bad
thing] and that [leaks] will be a problem for
us as an industry.”

The industry itself, of course, will have
to foot the bill to support development of
zero-defect fuel, he noted, but at the same
time it is important to retain the low cost of
fuel. “The heart of the electric industry us-
ing nuclear power for production is low fuel
costs,” he said. “Besides that one issue, we
would not be competitive with other
sources of electricity generation, because
our base costs are higher.”

FENOC operates three nuclear sites—
Beaver Valley, in Shippingport, Pa.; Davis-
Besse, an 873-MWe (net) Babcock &
Wilcox PWR in Oak Harbor, Ohio; and
Perry-1, a 1235-MWe (net) General Elec-
tric boiling water reactor in North Perry,
Ohio. Combined, 66 percent of the FENOC
plant’s collective fuel failures have been
caused by grid fretting, 28 percent by de-
bris, and 6 percent through fabrication.

Countering Pierce’s argument was Paul
Edelmann, a fuels
engineer for Con-
stellation Energy’s
two-unit Nine Mile
Point nuclear power
plant, who noted
that he would never
expect fuel to be
made entirely leak
proof. “I don’t think
that’s possible,” he
said. “I don’t know

how much more improvement you can de-
sign into fuel. But I do know from work-
ing at a BWR plant that there is a lot of
room for improvement in control of plant
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chemistry, and especially in foreign mate-
rial exclusion.”

He recounted a story from last spring,
when Nine Mile Point-2, an 1148-MWe
(net) General Electric BWR in Scriba,
N.Y., was entering a refueling outage. Thir-
teen hundred workers were brought on site
to work the outage. For most, it was their
first experience at a nuclear plant. Their in-
experience showed, he said, as illustrated
by a pile of debris that collected on the re-
fuel floor during the outage. “This became
big news” within the plant, he said, because
with the industry spending millions on
FME programs, “somebody [at Nine Mile
Point] was missing something.”

Edelmann advised that strict adherence
to good FME and chemistry practices, com-
bined with safe rod pattern development
and cycle operation, “can and should pre-
vent BWR fuel from undergoing any fail-
ures, even with higher power demands and
longer cycle duties.”

A lesson learned at Nine Mile Point, he
said, was that modern fuel designs will per-
form well when treated with care.

Identifying fuel leaks
Ed Price, a senior engineer for Duke

Power, stated that Duke plants have been
free of fuel leaks since 2001. Duke operates
the two Catawba units, which are 1129-
MWe (net) Westinghouse PWRs, in
Clover, S.C.; the two McGuire units, which
are 1100-MWe (net) Westinghouse PWRs,
in Cornelius, N.C.; and the three Oconee
units, which are 846-MWe (net) B&W
PWRs, in Seneca, S.C.

The Catawba and McGuire plants
switched in 2000 to Westinghouse robust
fuel assemblies with zirconium cladding
from the AREVA/Framatome ANP Mark-
BW design, and Oconee switched in 2001
to AREVA/Framatome ANP Mark-B11
fuel with M5 cladding.

Price said that the whole process of iden-
tifying leakers, at least recently, has been
akin to searching in the dark. “You expect
when you have leakers to have iodine ac-
tivity go up, but we’ve had many cycles
with leakers with very low iodine activity,”

he said. “We’ve also
had mysterious leaks
at plants where we
know we had leak-
ers, but little or no
spiking during tran-
sients.”

Once leakers were
discovered at Duke
plants, he said, there
were problems in
isolating the failed

fuel assemblies. That’s because ultrasonic
testing (UT) has had “very poor reliability
for us the past few years,” he said. “Many
overcalls, many cores that had leakers in
them, did not show up on the UT.”

As an example, Price explained a fuel-
leak search at Catawba-1 from several years
ago. The core showed a substantial increase
in xenon-133, and a UT campaign was done
that resulted in the identification of four sus-
pect fuel rods. “We pulled the rods, but
eddy current testing showed all the rods
were sound,” he said. “So, we did not find
failures in any of these rods.”

Price claimed that INPO’s Fuel Reliabil-
ity Indicator (FRI)—defined as the steady-
state primary coolant iodine-131 activity
(microcuries/gram), corrected for the tramp
contribution and power level, and normal-
ized to a common purification rate and av-
erage linear heat generation rate—is not a
credible measure. A team is being put to-
gether, of which Price will be a member, to
reevaluate FRI to
come up with some-
thing “more realis-
tic,” he said.

A problem with
today’s FRI is that a
core can have leak-
ers with low iodine
activities and low
power defects, but
still be under the
FRI criteria for zero
defects, he said.

Price wondered what had happened to di-
agnostics over the past few years. Stretch-
ing back a decade or two, UT was consid-
ered 85 percent efficient. But over the past
five years, “we haven’t been able to find
anything,” he said. “It makes me wonder if
now the threshold is so low for leakers that
we’re looking for things that, in the past
[when the threshold was higher], we would
see without paying much attention.”

From the fuel manufacturers’ side, Olga
Correal-Price, a principal engineer for
Westinghouse Electric Corp., noted that 25
percent of leakers are from unknown
causes, and that the percentage is increas-
ing. She stressed that finding the reason for
those leakers is “today’s challenge.”

John Schardt, chief technologist of
Global Nuclear Fuel, Ltd./General Electric
Nuclear Energy, said that in the old days,
thousands of fuel rods used to fail through-
out the industry. Today, however, “we’re
talking about tens.” With about 2 million
fuel rods in place in operating reactors in
the United States and only handfuls failing,
“the reliability has been very, very good,”
he said.

Schardt declared that his company and
probably every fuel manufacturer in exis-
tence has a “zero leak mentality.” Every
leaker “hurts everyone. It hurts our cus-
tomers and it hurts the vendor. Each day
that there is a leaker, we know about it that
day,” he said.

Schardt implied that people all the way
up the management chain of command
“hurt” when they learn about a leaker, be-

cause “most of us thought that by now we
might have almost licked” the leaker prob-
lem. He added, “We don’t know of a man-
ufacturing defect that has caused a leaker in
10 years.”

Roger Reynolds, director of Fuel Tech-
nologies and Reliability for Framatome
ANP, Inc., followed up on Schardt’s com-
ments by declaring that “‘Zero tolerance for
failure’ is the way we do our work.”

Standards: A shift in philosophy
The ANS Standards Board has initiated

work to revise many of its standards using
risk-informed and performance-based con-
cepts. This session, “A Movement Toward
Risk-Informed, Performance-Based Stan-
dards: A Shift in Philosophy,” explained

chair Don Eggett, senior management and
manager of business development for Auto-
mated Engineering Services Corp., was
planned to look at the reasons for moving
from conventional prescriptive standards to
more performance-based and risk-informed
standards, and how this is being imple-
mented in ANS-sponsored standards. The
movement to this new approach involves
more than a shift in philosophy, he said. It
reflects a more general shift in the attitude
of industry to use these concepts to evalu-
ate operation.

Standards, Eggett explained, can be per-
formance-based or performance-based risk-
informed, depending on what the needs are
or what the focus will be. To distinguish
these sometimes confusing concepts, the
Board generated the following explana-
tions:

On performance-based: Decide what the
objective is to be then select a series of
tasks, tests, etc., that will get you to the end
point. Selection of the tasks is arbitrary
based upon the particular situation and
plant, and are not deterministic for every
plant and situation.

On risk-informed (which can couple with
performance-based): For each design basis
accident or serious event, determine the
risks to the public health and safety that the
occurrence of the event will entail and then
determine the mitigating events that are
necessary to reduce public risk to a prede-
termined acceptable level.

Don Spellman, of Oak Ridge National
Laboratory and chair of the ANS Nuclear
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Facilities Standards Committee (one of four
standards consensus committees), ex-
plained that the go-ahead was just made at
the Board’s last meeting and that this ses-
sion is the first presentation of its observa-
tions and of some of the work being done.
ANS often takes the initiative in this type
of effort, Spellman said, where there is
something industry needs to address. “And
besides,” he added, “we like the challenge.”
The Board will develop a set of criteria that
explains how to create or revise a standard
or convert it from prescriptive to perfor-
mance-based.

Jim Mallay, director of regulatory affairs
for Framatome ANP and chair of the ANS
Standards Board, opened the session with a

presentation on the
benefits of moving
from a prescriptive to
a more performance-
based standard. Most
of the standards de-
veloped within ANS,
said Mallay, are in-
tended to either com-
plement or positively
influence current and
planned regulatory

expectations. In many cases, he noted, the
NRC has asked ANS to develop standards
on selected subjects, adding weight to any
regulation that is based on those standards
because the commission knows that indus-
try has reached consensus that these are ap-
propriate criteria and requirements.

A particular feature of the standards
groups, said Mallay, is that they provide the
only forum for technical information to be
exchanged freely among all parties, many
of whom are in competition with each other
or are regulated by the NRC, which is rep-
resented on nearly all of ANS’s standards
committees. And so, for Mallay, even if a
working group is not successful in develop-
ing an approved standard, the fact that the

people in the group have gotten together
and communicated is a major benefit to
them individually and to the industry.

Another interesting feature of standards
that is rarely used in regulatory guidance
documents, is the use of the verb “may,”
which denotes “permission.” “May” allows
the use of a technique at the user’s discre-
tion. This is an added value of standards,

said Mallay, especially for those used to
help interpret or complement regulatory
documents.

Mallay explained the shift in approach as
due in part to the needs of industry. During
the last few years, there has been a signifi-
cant decline in the demand for ANS stan-
dards. To some extent, this reflects the ma-
turity of the industry
(and the fact that no
one is building
plants). Neverthe-
less, the Board also
had to consider
whether it was really
serving the interests
of the users. In look-
ing at that, said Mal-
lay, the Board deter-
mined that maybe
there were too many
inefficiencies in the
application of stan-
dards. Many were probably too prescriptive
and inflexible, he noted, and therefore
would not be used.

So, the Board turned to techniques be-
ing advocated by the Nuclear Energy In-
stitute (NEI) and the NRC—namely a per-
formance-based, risk-informed approach.
Mallay defined a performance-based re-
quirement as a required design objective
or operational behavior, including those
attributes that are necessary to verify that
the objective or behavior can be achieved.
A performance-based standard, he said, is
a standard that contains performance-
based requirements together with mea-
sures that can be used to assess the degree
to which the attributes can be achieved.
These measures of success can be qualita-
tive, quantitative, or some combination of
the two.

Prescriptive requirements, Mallay added,
have no flexibility and tell the user nothing
about why the rule was established. Perfor-

mance-based criteria
tell you why—that
is, makes the basis
for a criterion ex-
plicit—and provides
flexibility. But this
does not work for all
requirements. Usu-
ally only a portion of
a standard will be
performance-based,
he said, as there will
be many situations

where prescriptive criteria are necessary.
Standards based on performance-based cri-
teria are also expected to have a longer life
because the objectives, when stated prop-
erly, are not going to change as much as
prescriptive requirements might. Further-
more, they allow revisions more readily.

Finally, said Mallay, performance-based
requirements force people to work in “suc-

cess space,” not “failure space.” One is
never looking at a worst case, but at suc-
cessful performance, where there are more
opportunities.

Duke Energy, said Mallay, was recently
allowed to establish performance-based cri-
teria for the inspection and surveillance of
the new steam generators being put into its

Catawba plant. To deal with a number of
outstanding safety issues raised by the
NRC, the company proposed using a per-
formance-based approach, which the NRC
accepted. Mallay said he thinks that this is
a milestone in this area.

According to Mallay, the first ANS per-
formance-based standard (on the applica-
tion of PRA for making risk-informed deci-
sions on external events) came out about a
year ago. He also noted that ANS has de-
veloped a draft standard for low-power and
shutdown operating states, and plans to
risk-inform its standards on design criteria
for light-water reactors.

NRC pushing performance-based approach
Prasad Kadambi, of the NRC’s Office of

Nuclear Regulatory Research, has been ac-
tive in pushing ANS toward performance-
based standards. This approach, he said, ac-

cepts that nuclear
activities are rather
complex, with peo-
ple, systems, and in-
stitutions all interact-
ing for a common
purpose. In this case,
the common purpose
is safety.

Regulations, he
explained, deal with
higher-level, more

conceptual requirements, while standards
address the lower level, the nuts and bolts of
any activity. Traditionally, both have been
prescriptive, Kadambi said, with require-
ments and instruction very specifically laid
out. But recently, there has been a recogni-
tion of a need for change. In particular, said
Kadambi, prescriptive requirements lack
flexibility. They also have technological
implications in that sometimes conditions
are included in regulations that tend to
freeze technology, particularly if there is
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perception that there is only one way to
comply with the regulation. This may in-
hibit technological creativity.

Things have been changing, he said. In
1993, Congress passed the Government
Performance and Results Act. This legisla-
tion emphasizes outcomes rather than out-
puts; it makes agencies think whether they
are doing the right kind of work, rather than
just focusing on how well they are working.
The legislation also requires agencies to de-
velop strategic and performance plans so
the public would know what ultimate re-
sults they are seeking to bring about. An-
other piece of legislation (Public Law 104-
113) requires government agencies to think
about consensus standards in lieu of regula-
tory requirements.

Kadambi noted that the NRC issued the
first strategic plan (2000–2005) in 1999 and
the second is now in preparation (2004–
2009). It also issued a management direc-
tive explaining how staff can participate in
standards activities. These direct the staff
to consider performance-based approaches
as appropriate. In addition, NRC staff is-
sued NUREG-BR-0303, “Guidance for
Performance-Based Regulation,” in De-
cember 2002.

Kadambi asked the question: Why per-
formance-based standards? Basically, he
said that he believes that a new approach
is needed, particularly if the nuclear in-
dustry does experience renewed growth.
It is crucial, he declared, for working
groups to have the flexibility to consider
the best way to develop standards. They
can consider using performance-based or
prescriptive approaches as appropriate.
This, he said, promises a more efficient
development of standards once a learning
curve is passed: It offers more effective
application (particularly for new technol-
ogy), more economical maintenance, and
more equitable sharing of the burdens be-
tween standards developers and users.
Performance-based standards should also
last much longer. He commended ANS
for this initiative.

Unlike prescriptive requirements, he
added, the performance-based approach
also ensures that the focus is on those things
that are more important to safety, ensuring
that resources are applied where they are
most effective.

Over the last six or seven years Neil
Brown, of Lawrence Livermore National
Laboratory, has been involved at the work-
ing group level on a set of standards related
to seismic design of nuclear facilities. It was
only toward the end of the process, he said,
that the performance-based concept was
taken on board.

These new standards, not yet completed,
will replace an original set developed by
the Department of Energy for its nuclear
facilities, Brown said. During a revision,
the parties involved agreed to convert these

to approved national standards. The DOE
standards concerned natural phenomena
hazards (NPH)—that is, seismic, wind, and
floods. They start by categorizing certain
structures, systems, and components
(SSC), and then develop prescriptive rules
about how a design should address these
three natural phenomena. The original
standards had risk goals set in terms of
probabilities of safety consequences,
doses, and failures.

The safety community, Brown said, even
in the seismic area, is not eager to go to a
fully risk-informed standard in the sense
that the ability to estimate probabilities of
failures of SSC and to relate those to a dose
consequence, and so forth, is still limited.
The DOE standards are risk-goal based—
that is, they have clearly stated risk goals—
and the SSC categorization is based on a
specific set of risk goals. He said, however,
that the participants could not agree on the
desired risk goals for the new standard.
Brown explained that agreement was even-
tually reached on using a magnitude of “un-
mitigated” consequence of a failure as op-
posed to failure probability to define the
categories. And so, the categorization of an
SSC was determined by the unmitigated
consequence of its failure, not on the basis
of risks.

The final presentation was by Paul Fish-
beck, professor of Social and Decision Sci-
ences, and Engineering and Public Policy,
at Carnegie Mellon University, and direc-
tor of the univer-
sity’s Center for the
Study and Improve-
ment of Regulation.
He provided his ex-
perience from other
fields where risk-in-
formed and perfor-
mance-related rules
and standards are
applied. Perfor-
mance-based standards work well, he said,
when you can actually measure perfor-
mance. For example, consider how much
pollution comes out of a smoke stack. In
fact, he said, that can be measured, and cri-
teria set. Penalties, such as withholding
payments, can be applied if the criteria are
not met.

Other areas being discussed, however, in-
volve long-term, rare events, where perfor-
mance is difficult to measure, Fishbeck
said. If you are talking about fire safety, for
example, how do you measure that a build-
ing is fire safe? What criteria do you use to
base the performance of, for example, a
sprinkler system? Is it the amount of water
coming out in a certain time period?

A prescriptive standard, he noted, says:
Use this, put it here, make it this big. These
things can be checked very easily, he ob-
served, but performance-based standards
are much more complex.

He then raised the question of uncer-
tainty. A prescriptive standard almost ig-
nores uncertainty. Using a performance-
based standard is to admit that there is
uncertainty out there.

Fishbeck presented some examples to
show how complex the area of standards
can be. As other speakers had done before
him, he recognized that the work leads to
useful discussions among all interests and
develops a lot of understanding along the
way. There are methodologies that allow
you to address these concerns, “but [they
are] not for free.”

Water desalination
Over the next two decades, there will be

a 40 percent increase in water use around
the world, according to the International
Atomic Energy Agency (IAEA), and 33
percent of the world’s population—about 2
billion people—will be in absolute water
scarcity by the year 2025.

Currently, 1.2 billion people lack access
to potable water, and 2 million per year will
die due to water-related diseases. The fact
is that there isn’t enough fresh water on the
planet. The session, “The Use of Nuclear
Energy for Desalination,” explained nu-
clear’s role as an economical power source
for methods of water desalination—two of
which are distillation and reverse osmosis
(RO)—that have high-energy consumption
requirements and high hot-water production
costs.

The IAEA defines nuclear desalination
as the production of potable water from sea-
water in a facility in which a nuclear reac-
tor is used as the source of energy for the
desalination process. The facility may be
used solely for the production of potable
water, or dually for the generation of elec-
tricity and the production of potable water,
in which case only a portion of the reactor’s
energy output would be used for water pro-
duction. In either case, a nuclear desalina-
tion plant is defined as an integrated facil-
ity in which both the reactor and the
desalination system are located on a com-
mon site and energy is produced on site for
use in the desalination system.

Small and medium reactors are important
for desalination because the countries most
in need of fresh water often have limited in-
dustrial infrastructures and electricity grids,
explained Akira Omoto, director of the
IAEA’s Nuclear Power Division. Smaller
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reactors, he said, also are “more appropriate
for remote areas” unsuitable for connec-
tions to the grid.

Omoto noted that nuclear power plants
around the world have long been used for
water desalination. For example, Kazak-

hstan’s BN-350, a
liquid metal–cooled
fast-breeder reactor
that operated until
1999, was used to
produce electricity
and heat for desalina-
tion (approximately
80 000 m3 of water
per day) for 27 years.
And, currently, Pak-
istan’s Kanupp has a

small RO facility in operation and is build-
ing another desalination demonstration plant
on site to be commissioned in 2005. Mean-
while, India’s Kalpakkam has an experi-
mental facility in operation and another un-
der commissioning that is expected to
process 6300 m3/day.

Expanding nuclear’s role in the world’s
desalination process will include four chal-
lenges, he noted. First is economics, of
course, where the target for desalinating
water is $0.40 to $0.60/m3. Next is public
understanding. Then comes the issue of dis-
parity, meaning that nations having water
scarcity may not be holders of nuclear tech-
nology. Finally, in what is not directly a nu-
clear issue, infrastructure for distributing
desalinated water is necessary.

Roger Humphries, president of Canadian
desalinating company Candesal, said that a
message not heard enough is that water
shortages are quite often localized. In In-
donesia, for example, rain falls almost
every day during the rainy season. “But the
issue is a point of mal-distribution,” he said.

“The water is not where the people are. It’s
not accessible because it cannot be col-
lected and captured.” He added that Indone-
sia’s city of Jakarta and its surrounding rain
forests have some of the lowest availabili-
ties of safe, fresh water per person of any
place in the world.

As the world has a shortage of fresh wa-
ter, a growing problem is that salinity lev-
els of fresh-water aquifers are increasing.
“As we draw fresh water out of sources that
are nonrenewable, they get replaced by salt

water,” he said. “So, we’re finding what
used to be fresh water [in] a lot of aquifers
[now has] a salinity level reaching 1000,
2000, 2300 ppm, basically making it unsafe
to drink.”

Desalination solves problems in that, po-
litically, it keeps nations from “stealing”
water from one another, and, environmen-
tally, because it’s a “friendly” way for cre-
ating new sources of potable water, as no
fossil fuels are burned in the process,
Humphries said.

Si-Hwan Kim, director of the SMART
R&D Center of the Korea Atomic Energy
Research Institute, explained South Korea’s
plan for a SMART desalination plant.
SMART stands for System-integrated
Modular Advanced
ReacTor. The plant,
which is under con-
struction and is ex-
pected to be in oper-
ation in 2008, will
produce both elec-
tricity (90 MWe)
and potable water
(40 000 tons/day).

Ron Faibish, proj-
ect manager for nu-
clear desalination at
Argonne National
Laboratory, said that
potable water issues exist here at home in
the United States. “Drought conditions now
in the Southwest have increased dramati-
cally,” he said. News reports have claimed
that the drought in the West is the worst in
400 years. “We have big challenges in the
U.S.,” he added, “and they’re not just fo-
cused in the West. We have issues in the
East as well, and on the Texas coast.”

Population growth along coastal South-
ern California, Texas, and Florida has been

on the order of 20
percent in the past
decade, and for the
country as a whole,
60.6 billion addi-
tional m3 of potable
water per year will
be needed by 2020
for municipal and
light industrial uses.

The U.S. Bureau
of Reclamation, to-
gether with Sandia

National Laboratories, has developed a
roadmap for desalination in the United
States, he said. Published in 2003, the
roadmap declares that by 2020, desalination
and water purification technologies will
contribute to ensuring a “safe, sustainable,
affordable and adequate” water supply to
the United States. “These words are impor-
tant,” he said. “The terms affordable and
adequate—those are the ones I think have
to be first in term of securing the future of
the technology.”

The roadmap’s 2008 objective, he said,
is for desalination technologies to realize a
20 percent improvement in capital costs,
operating costs, and energy efficiency. By
2020, improvement in those areas needs to
reach 80 percent.

Those goals are ambitious because today
the cost of treating water in the United
States using a conventional (chemical)
treatment is about $0.10/m3. In Southern
California, reclaimed water from industry
costs about $0.60/m3. Brackish water de-
salination is between $0.26 and $0.79/m3.
For seawater desalination (the biggest op-
eration, in Tampa Bay, Fla., currently is
suffering problems, Faibish said), the fore-
cast is $0.55 cents/m3.

An “interesting factoid,” he said, is that
desalination in the United States could cost
$0.79/m3 ($3 per thousand gallons). “That
seems expensive, but the U.S. consumer is
paying an average of $2099 per cubic me-
ter for bottled water. When you put this into
perspective, [desalination] seems rather
cheap,” he said.

The latest on sump clogging
At the panel session “Hot topics and

emergent issues: Containment sump clog-
ging,” session chair and organizer Steve
Stamm, of The Shaw Group, opened with
an explanation of why sump clogging was
billed as a “hot topic.” Sump clogging, he
said, is something that boiling water reac-
tors had experienced that has now become
an important issue for pressurized water re-
actors. This session, he said, would cover
the problem’s background, describe the
methodology that is being used to resolve it,
and present some of the plant activities and
potential modifications being introduced.

Mike Marshall, lead project manager on
the issue at the Nuclear Regulatory Com-
mission, began with an overview of the
topic and the status of work on PWR sump
performance. According to Marshall, the
NRC’s primary concern is that the sump
screen is doing its job too well. The purpose
of the screen is to keep debris from damag-
ing pumps or blocking spray nozzles and
other components downstream. Retaining
debris smaller than the system is designed
to, he explained, results in excessive head
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loss that can affect operation of the pumps.
This is the same concern that the NRC had
with boiling water reactors.

There are also some secondary concerns,
such as the downstream effects of debris
getting past the screen, that might have an
impact on pump operations or accumulate
enough to affect cooling of fuel. These are
not the primary concerns, but the NRC
wants them taken into account when solu-
tions are considered or when evaluating the
adequacy of existing designs. But most of
the effort has been focused on head loss at
the screen and whether it affects operations.

Because of the variation in the materials
at individual plants, as well as the differ-
ences in the containment and layout of
screens, the NRC agrees with industry that
this is not a problem where one solution fits
all. Each plant will have to assess the situ-
ation and decide on appropriate action. One
thing that is becoming clear is that the ex-
isting license base for a number of plants
is probably insufficient and will need
changing.

Marshall explained that unlike BWRs, it
appears unlikely that every PWR is going
to have to implement a fix. But each oper-
ator will have to evaluate the situation and
decide if there is a problem that needs re-
solving, either procedurally or by a hard-
ware modification or some other means.
The evaluations will include: identifying
the different debris sources, particularly
those that would likely cause some clog-
ging; estimating the amount of debris gen-
erated; estimating the amount of debris
transported to the sump screen; and estimat-
ing what the head loss impact would be.

This issue first came up in the early
1980s, when the Advisory Committee on
Reactor Safeguards became interested to
see if air injection would have an impact on
the operation of the emergency core cool-
ing system (ECCS) pumps. The question of
debris came up later. Research undertaken
between 1980 and 1985 did not identify a
particular problem. While the NRC could
see some benefits in preventing entrain-
ment, they were insufficient for action to be
taken. In 1985, however, it recommended
that new plants and plants undergoing ma-
terial changes—such as of insulation—con-
sider the issue and provided some regula-
tory guidance.

In 1992, an event occurred at the Barse-
bäck BWR in Sweden, where the NRC’s
1985 guidance had been adopted. Based on
this, the plant had assumed that the ECCS
system would operate for a day or two be-
fore the strainers (screens) became
clogged. The incident occurred when water
was released into the drywell, taking a lot
of insulation with it. The clogging occurred
not within a day, but within an hour or two
of the activation of the emergency systems.
This was communicated to other regula-
tors, and investigations ensued that identi-

fied weaknesses with the guidance and the
underpinning research. This started a new
run of research around the world on sump
issues.

The focus at first was on BWRs because
there were three similar events in U.S.
plants, although not on the scale of Barse-
bäck. It eventually became clear that al-
though clogging would occur sooner in
BWRs than in PWRs, the weaknesses were
common to both reactor types. New work
undertaken identified weaknesses in the
previous correlations. In particular, the
fiberglass insulation debris was more like
“cotton candy” shreds than the “slices of
cake” that were used in the old research.
The shreds produce much greater head loss.
Furthermore, the fiberglass acted as a filter,
capturing small items that had been ex-
pected to pass through the screen, adding to
the head loss.

All the BWR stations introduced a com-
bination of fixes. These included minimiz-
ing debris sources, cleaning the suppression
pools, and increasing the surface area of the
sump strainers.

Soon after completing the work on the
BWRs, work on the PWRs started. From a
parametric study, the NRC staff concluded
that there was enough of a concern to war-
rant individual plant evaluations. NRC has
been working with the Nuclear Energy In-
stitute (NEI) since
about 2000 on de-
veloping a suitable
methodology.

The next speaker
was John Butler, se-
nior project manager
at NEI, which has
completed guidance
for carrying out a
sump performance
evaluation that is
now being reviewed
by the NRC. The guidance will help oper-
ators evaluate the situation at their plants
regarding debris generation, transport, and
accumulation on the screens and whether
there is adequate net positive suction head
(NPSH) margin available for ECCS recir-
culation. This effort, said Butler, is primar-
ily funded by the Westinghouse Owners
Group and coordinated by the NEI PWR
Sump Performance Task Force.

A draft sump performance evaluation
guidance document was given to NRC staff
in October 2003, and the final version was
submitted on May 28, just a couple of
weeks before the ANS Annual Meeting.
The review process should be completed
by this fall, with final approval expected in
October.

The end result of the evaluation guidance
is to determine the adequacy of the NPSH
margin, Butler said. The calculation is com-
plicated by the large number of phenomena
and uncertainties that need to be addressed.

These include:
■ Size and location of a postulated break.
Location is probably more important than
size regarding the potential debris gener-
ated.
■ Debris generation (quantity, types, size,
distribution). The orientation of the break
affects what debris is going to be generated.
Besides calculating the amount, it is neces-
sary to determine the size distribution of the
debris, which affects its transportability.
■ Debris transport and holdup. The “trans-
port media” is a combination of debris, the
containment spray, and washdown, all of
which determine the amount that collects at
the sump.
■ Debris deposition on screen and result-
ing head loss. The resulting head loss is
highly dependent on the types of debris de-
posited.

The guidance addresses the uncertain-
ties and complexities in a traditional con-
servative fashion. “It is a balancing act,”
Butler said. “I think I can say we have a
conservative methodology that is not too
conservative.”

He then described the basic evaluation
methodology, which starts with a baseline
analysis, a conservative first step in the
evaluation. Some plants can go through the
baseline and find that they have adequate
NPSH margin and can stop at that point. A

number of others will find that they do not
have adequate NPSH margin, and will have
to continue the evaluation process by refin-
ing the analysis in one or two ways: refine
their analytical methods to take out some of
the conservatism, or modify their design,
which may involve removing potential de-
bris sources, changeout of insulation (which
contributes most debris), or modifying their
screen design. The process continues until
an adequate NPSH is achieved.

NEI is now working with the NRC to try
to introduce a risk-informed option in the
methodology, acknowledging that the large
double-ended break, which would generate
the most debris, sump blockage, and head
loss, is a very low-frequency event. A risk-
informed option would allow more mean-
ingful breaks and conditions to be applied to
assess sump performance. The details of
such an option are now being discussed
with NRC staff.
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Sump performance evaluation methodology
More details on using the evaluation

methodology were given by Tim Andrey-
chek, of Westinghouse Electric Company.
Andreycheck has been working on the is-
sue for the last seven years, and is the lead
author of the NEI PWR post-accident sump
performance document. The purpose of the
methodology, he explained, is to provide a
consistent approach for utilities to perform
a conservative evaluation of their contain-
ment sump performance post-accident. An-
alytical refinements are also identified to
provide options for removing some of the
conservatisms.

The “baseline,” said Andreychek, starts
with plant specific information—basically a
scoping study or a first shot to see if there is
something to worry about. If the results are
acceptable, the issue can be closed out. If
not, the methodology provides a guide as to
how to proceed. This involves further
analysis and reanalysis, with possible de-
sign modifications. The process continues
until NPSH requirements are satisfied.

Andreychek provided an example of a
“baseline analysis” that took a very conser-
vative line. Regarding break size, the base-
line assumes a double-ended guillotine
break. For the break location, he deter-
mined the maximum debris generation and
the worst combination of debris to create
the biggest head loss. To determine debris
generation, a zone of influence (ZOI)—a

region around the break where the destruc-
tion of insulation and other materials oc-
curs—was defined. His baseline calcula-
tion assumed an unrestrained jet stream
from the break, which destroys the insula-
tion, forming debris.

Latent or resident debris (the dust and dirt
that collects) is not considered a major con-
tributor, Andreychek said, but has to be ac-
counted for. The baseline methodology pro-
vides an easy-to-use estimate of the
contribution. He mentioned, however, that
some plants power wash parts of their con-
tainment, which, although done primarily
for radiological purposes, also reduces the
amount of latent debris.

The head loss correlation being used,
based on a NUREG document, is a semi-
empirical correlation and provides for a con-

servative pressure-drop calculation. The ef-
fects of debris composition and material
properties are accounted for in the calcula-
tion. Andreychek described the “thin bed”
effect, in which a fibrous debris covers the
screens and captures particulates behind it.
This, he noted, was a particularly bad situa-
tion for BWRs, causing big pressure drops.

Andreychek also went into various ana-
lytical refinements to the baseline evalua-
tion. By replacing the conservatism with
more realistic condi-
tions, the amount of
debris generated can
be reduced, its trans-
portability lessened,
and the accumula-
tion and blockage of
the sump screens can
be decreased, lead-
ing to a better NPSH
margin.

Kenneth Ainger,
licensing manager at
Exelon Nuclear, is responsible for licensing
activities at the Byron, Braidwood, and
Three Mile Island-1 nuclear stations. He pro-
vided an operator’s perspective on this issue,
describing the evaluations that he will be per-
forming, some interim measures, and poten-
tial enhancements being considered to fully
resolve the issue, if necessary.

Ainger’s description of the different
sump/screen configurations at three plants

provided insight into
the real problems
that operators have
with this issue. For
example, both By-
ron and Braidwood
have two sumps that
are enveloped by an
outer screen. Over-
all, there are three
screens that protect
the suction lines to
the ECCS and con-
tainment spray sys-
tem. The outer

screen encloses the middle and inner
screens for both sumps. The outer screen
extends about 4 feet above the floor of the
containment, and the inner screen is in-
stalled below the containment floor inside
each sump.

As for potential debris sources, the main
containment insulation at Byron and Braid-
wood is reflective metal insulation. When
the steam generators at Byron-1 and Braid-
wood-1 were replaced, their insulation and
that of the associated piping were replaced
with fiberglass blankets, covered with stain-
less steel sheathing. The TMI-1 contain-
ment has about 600 ft3 of fibrous insulation.
Ainger also pointed out the problem of un-
qualified equipment coatings—for exam-
ple, the coatings on valve handles and reac-
tor coolant pump housings—as possible

debris. The baseline evaluations will look
at the reflective metal insulation, fibrous in-
sulation, coatings, tags, labels, and foreign
material. All of these potential debris
sources will be examined in light of the four
transport mechanisms: blowdown trans-
port; washdown transport; pool fill trans-
port; and recirculation transport.

For the sump screens, the initial evalua-
tion for Byron and Braidwood indicates no
concerns regarding structural integrity or ex-

cessive blockage. Byron-1 and Braidwood-
1, however, may not pass the evaluation in
light of the fiberglass insulation used on the
replacement steam generators. This might re-
quire an additional engineering analysis.
With the performance of ZOI evaluations at
the plants, Ainger noted, a risk-informed ap-
proach would probably provide benefits if it
is used to assess the consequences of the oc-
currence of a break at the steam generator
nozzles of the two reactors described above.

For TMI-1, the adequacy of the sump de-
sign may not pass the new evaluation, and
so some design change to the sump or to the
areas along the path to the sump may have
to be considered. Enhancements could in-
clude modifications to the floor to help di-
rect debris or prevent some pooling of wa-
ter. These have not yet been scoped, but
could be significant.

Ainger said that several interim measures
have been implemented to ensure the work-
ing of the ECCS while pursuing the long-
term resolution of the issue. The loss of re-
circulation capability has been addressed at
Byron and Braidwood in the emergency
procedures. Additional training for opera-
tors has been provided, including simulator
training. The company has strengthened the
foreign material exclusion and walkdown
procedures for the containment, and has en-
hanced the refueling outage surveillance
procedure for visual examination of the
sump screens. For TMI-1, the B&W Own-
ers Group guidelines for sump blockage
were implemented and training in ECCS
pump throttling criteria was provided to
avoid damage in the early stages of poten-
tial sump blockage. New procedures for
cleaning and inspecting drains inside the
containment have been implemented. The
existing refueling outage inspection proce-
dures for the sump screen were determined
to be adequate.
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Ainger said that they are also looking at
removing the fibrous insulation associated
with the replacement steam generators.

Regarding costs, Ainger estimated that at
Byron and Braidwood, Exelon will spend
about $3 million over four years to pay for
all the evaluations, including additional en-
gineering analyses, licensing submittals and
responses to the NRC Generic Letter (NN,
May 2004, p. 15), and some insulation
modifications. For TMI-1, the estimate is
high, at about $4.5 million over four years,
as some extensive modifications inside the
containment seem likely.

Safety culture
During the Tuesday afternoon “Safety

Culture” session, Joe Carson, a licensed
professional engineer and a nuclear safety
engineer for the Department of Energy, ob-
served that ANS’s bylaws, which he said
have remained constant since the beginning
of the Society 50 years ago, should be re-
vised. The bylaws, he noted, “[don’t] reflect
that ANS holds a public trust when devel-
oping standards of care for its members.” 

Carson, a former member of the ANS
Special Committee
on Ethics, stressed
that he wanted to see
ANS as “an organi-
zation that is flexible,
responsive to mem-
bers, and capable of
dealing with change.”

Change is neces-
sary, he said, because
ANS has evolved
since its creation a

half-century ago. “Fifty years ago,” he said,
“I don’t think ANS held a public trust, but
I think it does now today.”

Examples of that public trust include
ANS’s role in accrediting engineering
schools for nuclear engineering, and its
work in developing codes and standards
that are adopted internationally. ANS, then,
has “an important role with nuclear science
and technology in public policy,” he said.

Carson, who described himself as an
“eight-time prevailing” DOE whistle-
blower (as detailed on his Web site, <www.
carsonversusdoe.com>), noted that the
words “ethics” and “peaceful” and the
phrase “promote the professional interests
of its members” are absent from ANS’s by-
laws. And although the word “safety” is in-
cluded in ANS’s goals, the bylaws do not
include “any form of the word ‘safe,’” he
said.

Carson suggested that ANS modify its
bylaws, mission statement, and goals to
more clearly capture its identity as a profes-
sional society. He also called for all nuclear
engineers to be licensed by states, some-
thing that is a “distinguishing characteris-
tic” of members of such professions as
medicine, accounting, and architecture.

“Engineers, by and large, are not licensed,”
he said. “Well, why not?”

ANS’s new code
Vic Uotinen, chairman of the ANS Spe-

cial Committee on
Ethics for 2003–
2004, remarked that
ANS does have a
new Code of Ethics,
replacing an earlier
code dating back to
1973, which was al-
tered somewhat in
1984. The new code,
which was adopted
by the ANS Board
of Directors in 2003,
is more specific and comprehensive than
the earlier version, and it “reflects the ex-
pectation of a more conscious commitment
to professional ethics by ANS members,”
he said.

The new code also is at the same level as
the ethics codes of several other engineer-

ing societies, such as
the American Soci-
ety of Mechanical
Engineers, American
Institute of Chemical
Engineers, Society of
Civil Engineers, and
IEEE. “I think it’s
important for us to
realize that all of
these engineering so-
cieties, by upgrading

their codes of ethics, were in essence send-
ing a signal to their constituencies that we,
as professional societies, consider profes-
sional ethics to be important, and that we
consider upholding this higher code of
ethics, this higher standard, to be a true
mark of professionalism,” he said.

Uotinen gave examples of how the new
code is an upgrade over the older version.
The old code, for instance, said, “An ANS
member shall hold paramount the safety,
health, and welfare of the public in the per-
formance of their professional duties,”
while the new code says much more: “We
hold paramount the safety, health, and wel-
fare of the public and fellow workers to
protect the environment and to strive to
comply with the principles of sustainable
development in the performance of our
professional duties.” It also adds a new
paragraph: “We will formally advise our
employers, clients, or any appropriate au-
thority and, if warranted, consider further
disclosure, if and when we perceive that
pursuit of our professional duties might
have adverse consequences for the present
or future public and fellow worker health
and safety or his environment.”

Another example is in the area of acting
in accordance with applicable laws and
practices. Whereas the old code didn’t men-

tion this area at all, the new code says, “We
act in accordance with all applicable laws
and these practices, lend support to others
who strive to do likewise, and report viola-
tions to appropriate authorities.”

Ethics and competency
Ethics and competency are interrelated,

remarked Dwight Baker, who was making
a presentation for the absent William Cor-
coran, of Nuclear Safety Review Concepts.
Baker said that if anybody at Davis-Besse
had operated according to the ANS Code of
Ethics, the vessel head degradation could
have been prevented from becoming so se-
vere. “You can certainly say that if you saw
[the signs of degradation, such as piles of
rust that collected on a flange] and ignored
it, if you were the manager who would have
signed off saying ‘We don’t need to work
on that,’ if you were the outage manager
who shut down [a vessel head cleanup job
prior to the degradation’s discovery],
maybe then there should be an ethics com-
plaint filed,” said Baker, of Cumberland
Consulting. “But I’d put a dollar to a donut
that those people are not ANS members.”

Baker said that in many cases where
workers “behave badly at the technical

level, those technical
people are neither
professional engi-
neers nor ANS mem-
bers, with no require-
ment that they be.”
Further, he said, in
“about 99 percent” of
the cases where a 
nuclear professional
should be punished
for ethical misbehav-

ior, the management personnel who would
make those decisions are not ANS members.

As long as there is no requirement that an
engineer be licensed, society will think
“we’re just computer programmers, and we
really don’t affect their health and safety,”
he said. Without that public pressure, there
will be no incentive for companies to hire
licensed engineers, or have existing staff at-
tain licensing. Without licensing, there will
be no living up to a code of ethics. “It’s re-
ally a public education job, to impose a li-
censure requirement just like for doctors
and lawyers,” he said.
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The new code [of ethics] . . .
“reflects the expectation of a
more conscious commitment
to professional ethics by ANS
members.”

Carson

Uotinen

Baker

Continued



A S T H E W O R L D’S nuclear energy
nations have come into greater
agreement on nuclear power’s

medium- to long-term future—the develop-
ment of “Generation IV” reactor designs,
the coupling of these designs to hydrogen
production, and the opportunity for actinide
burning to extend fuel resources, deter pro-
liferation, and reduce radwaste genera-
tion—many of the speakers at the 2004 In-
ternational Congress on Advances in
Nuclear Power Plants (ICAPP 2004) agreed
in their presentations to such an extent that
some of them apologized for repeating what
others had already said. ICAPP 2004—
which this year was embedded as a topical
meeting in the ANS Annual Meeting in
Pittsburgh (June 13–17)—included five ple-
nary sessions, and despite the organizers’
attempt to give each session its own unique
theme, some overlap was unavoidable.

Whether there will be enough trained
professionals in place if there is a sudden
demand for new nuclear power was much
on the minds of several speakers. Andy
White, of General Electric Nuclear Energy,
told a plenary session audience that 40 per-
cent of GE’s employees in nuclear fields
are within five years of retirement age. He
called for an industry-wide focus on devel-
opment of a larger talent pool of nuclear
expertise. The next speaker, Russ Bell of
the Nuclear Energy Institute, also included
the aging nuclear workforce as one of the
main challenges facing the industry now
(and not just in the future). The other chal-
lenges, in Bell’s view: keeping fuel eco-
nomical and reliably supplied; managing
materials at aging facilities; securing nu-
clear facilities (Bell said they were safe be-
fore 9/11, and are safer now, but this is a
very high-profile public issue); and provid-
ing spent fuel disposal. Bell acknowledged
the problem that had arisen with high-level
waste funding, in which the Bush adminis-
tration had expected to use money from the
Nuclear Waste Fund but Congress had not
authorized it (see page 113, this issue), but
said that the Department of Energy, “with
industry support, is pursuing legislation”
to assure adequate funding for the proposed
high-level waste repository at Yucca

Mountain, Nev., in the FY 2005 federal
budget.

Later in that session, Peter Lyons, of the
Senate Committee for Energy and Natural
Resources staff, spoke more pointedly about
the Yucca Mountain funding situation. He
said that the way the administration pre-
sented the bill, with only $131 million to be
appropriated in the FY 2005 budget and
$749 million presumed to be available from
the Nuclear Waste Fund, created “an im-
mense problem,” and led to only the $131
million being approved for Yucca Moun-
tain, nowhere near enough for the DOE to
remain on schedule to open the repository
in 2010. Lyons also said that the entire FY
2005 budget request was “an immense sur-
prise” to the committee, leading to concern
that nuclear research and development could
be undermined, and that the reformulation
of the Idaho National Laboratory might not
be given a “focus for success.”

At the second plenary, Steve Melancon,
of Entergy Corporation, echoed the concern
about Yucca Mountain, and the extent to
which the future of new power reactors in
the United States depends on resolution of
the high-level waste issue. “Yucca Moun-
tain needs to become a reality,” he said, “or
I don’t think any new nuclear plants will be
built.” Also during his address, Melancon
recounted the formation of NuStart Corpo-
ration (an industry consortium seeking De-

partment of Energy matching funds to ap-
ply for site approval, design certification,
and licensing of new power reactors), but
departed somewhat in his personal views
from the procedure announced thus far for
NuStart, in which approval would be sought
from the Nuclear Regulatory Commission
for two sites, as well as certification for two
reactor designs, but ultimately the construc-
tion/operating license (COL) would be
sought for a single reactor design at one site.
Melancon said NuStart should choose at
least one plant for the COL; he would like
to see enough money made available to pur-
sue both designs, and both sites.

With the meeting taking place in the
United States, and with so many recent de-
velopments in the U.S. nuclear realm, the
above topics and more like them drew a
great deal of attention during the meeting,
but ICAPP is indeed an international event,
and speakers from most of the world’s large
nuclear power programs reported on nu-
merous technical and programmatic devel-
opments. Their reports, like those from the
U.S., ranged from improvements on exist-
ing reactors to the many first steps being
taken toward the goal of Generation IV.

South Korea’s vision
Next year’s ICAPP will be held in Seoul,

South Korea, and there was a substantial
Korean presence at this ICAPP, both to pre-
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◆ South Korea aims for large H output 
by 2020

◆ European utilities judge next-stage
reactors

◆ MIT study on nuclear role in carbon-
constrained world

Baker said short of requiring licensing,
which is “really a big piece of work, and I
don’t know if it’s doable,” one way that a
plant can attain higher overall quality is to
provide long-term financial incentives to
company executives. “Think about it,” he

said. “Having the plant run well in the long
term is in the stockholders’ interest. So, there
may actually be a strategy that is doable,
from the business organization side of it.”

A case in point is that some ANS mem-
bers are utility executives with access to

compensation committees. These execu-
tives, he said, may “have some good ideas
on how to structure stock options that are
only exercisable seven years from now.”
—E. Michael Blake, Dick Kovan, Rick
Michal, and Nancy Zacha



sent papers and to promote the event in
2005. A table outside the topical’s largest
meeting room was stacked with brochures
on travel to Korea. The viewgraphs of three
of the five Korean speakers at the plenary
sessions had bands at the bottom reading:
“See you in 2005, ICAPP Seoul!”

During the first plenary, Joong-Jae Lee, of
Korea Hydro and Nuclear Power, traced the
development of nuclear power in South Ko-
rea, which is now sixth in the world in both
installed nuclear capacity and annual nuclear
power generation. He said that in some coun-

tries where nuclear power has been accepted
for some time, “challenges and new issues
are growing” (which could describe the
emergence of public opposition to nuclear in
both South Korea and Taiwan), and there is
a need for breakthroughs in technology and
cooperation within the nuclear community.
With 14 of South Korea’s 18 power reactors
achieving 2003 capacity factors above 90
percent, and the other four over 80 percent,
Lee asserted that outstanding performance is
the best way to respond to nuclear contro-
versy. As for technology breakthroughs, Lee
described the APR 1400 pressurized water
reactor being developed in Korea to supple-
ment and eventually replace the current gen-
eration of reactors; work has begun on the
first APR 1400, Shin-Kori-3, scheduled to
begin operation in 2011.

At the second plenary, Dong-Su Kim, of
Korea Power Engineering Company, de-
scribed the evolution of the APR 1400, the
latest step in the development of the nuclear
industry in South Korea—which has pro-
gressed over the past three decades from
turnkey projects through technology trans-
fer to indigenous advances. He said that the
current social environment (alluded to by
Lee) “requires unlimited safety” and “fault-
less and eventless operations.” He added
that in South Korea, as in the United States,
there is concern about the future supply of
trained personnel, as students are tending
not to pursue engineering. The belief that
public acceptance can exist only with per-
fect operation drew a comment from the au-
dience by Ted Rockwell, former technical
director of the U.S. Naval Reactors Pro-
gram. He said that one cannot convince the
public that there will never be an accident,
because one cannot reasonably make such a
claim. He advised that one should take the

position that the effects of any accident
would be mitigated, and rebut the argument
that exposure to any amount of radiation is
dangerous.

Chung-Won Cho, of South Korea’s Min-
istry of Science and Technology, extended
his country’s nuclear program into the fu-
ture during the third plenary, citing its pro-
posal for the System-integrated Modular
Advanced Reactor (SMART), for both elec-
tricity production and seawater desalination,
and participation thus far in Generation IV
projects. SMART is intended as a PWR

with the steam gen-
erator included in the
reactor vessel, offer-
ing enhanced safety,
economics, and en-
vironmental advan-
tages. For Genera-
tion IV and beyond,
Cho’s projections
were extremely am-
bitious, anticipating
a “waste-free and
pollution-free” nu-

clear fuel cycle with consumption of all ac-
tinides, and a timetable whereby South Ko-
rea would switch from fossil fuel to
hydrogen so quickly that nuclear energy
would produce 20 percent of the needed
hydrogen by 2020. Questioned about this
goal by an audience member, Cho said that
a 16-year program is now starting, aiming
at development of small-scale modular
gas-cooled reactors, but that wider appli-
cation was still under discussion, and the
20 percent goal should not be taken as a
firm commitment.

Jong-Hwa Chang, of the Korea Atomic
Energy Research Institute (KAERI), elab-
orated further on the 20 percent hydrogen
goal in his address at the fifth plenary. One-
fifth of the expected vehicle fuel demand
in South Korea in 2020 would require 8.5
billion barrels of oil per year, which could
be replaced by 3.3 million tons of hydro-
gen. KAERI’s anticipated demo nuclear
plant (a very high temperature gas-cooled
reactor, or VHTR) would produce about
30 000 tons of hydrogen per year, so at
least 100 plants of this capability would be
needed to meet the hydrogen goal. At the
same time, Chang said that security con-
cerns in South Korea—which still has a
hostile neighbor to the north—argue
against distributed nuclear-hydrogen facil-
ities, because of the potential for sabotage.
Therefore, the reactors—more than 100—
would be concentrated at a small number
of sites that could be guarded well.

New scheme in Europe
The lull in power reactor ordering in Eu-

rope has not been as long as that in the
United States, and with a new order placed
in Finland and another on the way in
France, it can be said that the lull is in fact

over. Still, plenty has changed in the decade
or so that elapsed, with moves toward the
opening of electricity markets and attempts
to normalize regulation. The old paradigm
of a state-owned electric utility ordering the
only design available from a state-owned
manufacturer is eroding, and one indication
of this is the development of European Util-
ity Requirements (EUR) documents, which
essentially tell manufacturers what the util-
ities want, need, and expect from power
plant hardware and services.

Gianfranco Saiu, of the Italian firm
Ansaldo, described the EUR process while
presenting a technical paper on the EUR
assessment of the Westinghouse AP1000
reactor design. The EUR effort began in
1991, with five utilities; six others joined
later. Along with expressing what the util-
ities wanted, the documents provide bases
for harmonization of safety approaches and
targets, design standardization and objec-
tives, equipment specifications and stan-
dards, and information for safety, reliabil-
ity, and cost assessment. In 1997, the effort
enlarged so that each document included a
Volume 3, which compared a specific re-
actor design against the requirements.
(Volume 1 includes nuclear island require-
ments, and Volume 2 covers balance-of-
plant.)

Development of a Volume 3 for the
AP1000 was based on previous work on ad-
vanced Westinghouse designs. Saui noted,
however, that while the utilities’ team was at
work on this volume (the process can take
years), Westinghouse moved on from the
design. Saiu said that although the AP1000
was driven by U.S. market considerations,
it had incorporated lessons from EUR work
on earlier designs, including a low-boron
core. As things stand now, the AP1000 is
slightly out of compliance with EUR, both
in technical areas (the cooldown time is
longer than what the EUR prefers) and in se-
mantics (whether it is preferable to state that
radiation exposures shall be as low as rea-
sonably achievable, or are as low as reason-
ably achievable). There will be more meet-
ings intended to resolve the differences.

Pierre Berbey, of Electricité de France,
spoke at greater length on the EUR’s place
in the evolving power generation environ-
ment in Europe. Even with efforts like
EUR intended to normalize agreement on
basic principles of safety and operation,
the differing regulatory schemes of indi-
vidual countries can work against stan-
dardization and increase costs. Berbey said
that there should be common “rules of the
game.” He noted that the Western Euro-
pean Nuclear Regulator’s Association is
working to define reference safety ap-
proaches that could become common to all
nuclear power nations in Europe. Berbey
also noted a number of non-nuclear chal-
lenges now faced by electricity organiza-
tions in Europe, such as the synchroniza-
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South Korea . . . has progressed
over the past three decades
from turnkey projects through
technology transfer to
indigenous advances.



tion of the western European transmission
grid with bordering nations like Poland
and Romania. In the end, Berbey said that
the EUR effort will try to deliver docu-
ments supporting four to six standard re-
actor designs; along with AP1000, EUR is
also doing Volume 3 work on the AES92,
an advanced version of the Russian VVER
water-cooled reactor.

A carbon-constrained world?
During the fifth and final plenary, Ernest

Moniz, of Massachusetts Institute of Tech-
nology (MIT)—who described himself as
neither pro- nor anti-nuclear—presented re-
sults from a 2003 MIT study on what might
happen if there is a significant worldwide
adoption of new nuclear power. (The study,
headed by Moniz and John Deutch, is posted
online at <web.mit.edu/nuclearpower/>.)
The study looked at the presence of a ter-
awatt of nuclear capacity in place by 2050
(for comparison, the current worldwide nu-

clear capacity is less
than half a terawatt).
Moniz said this does
not seem possible
without the emer-
gence of a “game
changer” that would
make nuclear the pre-
ferred choice for de-
cision makers and the
public. He said that
global warming ap-

pears to be the strongest candidate to be the
game changer. He said that if the only way
to prevent a self-reinforcing rise in the
greenhouse effect is to make this a “carbon-
constrained world” by reducing carbon
dioxide emissions, nuclear power and all
other nonemissive options would be needed,
and may not be enough.

Moniz said that a new, nonamortized nu-
clear plant with no federally backed financ-
ing cannot currently compete with coal- and
gas-fired generation (with CO2 not taken

into account). Not only must plant capital
cost be reduced, but a series of plants would
have to be built on budget and schedule to
show that financial risk is not excessive.
The MIT study concluded that there would
have to be tax incentives for the “first
movers,” who ordered roughly the first 10
reactors.

If the world is carbon-constrained, Mo-
niz said, the obligation to reduce emissions
would fall hard on the power industry.
Manufacturers that emit CO2 can be moved
offshore—in an observation specific to
Pittsburgh, he noted that Alcoa is moving
all aluminum production to Trinidad—but
power plants must remain connected to the
home nation’s grid. Moniz added later that
there will likely emerge a formal “cap-and-
trade” system of incentives for carbon
emission, started by the power industry in
return for a rational, stable system of fed-
eral oversight.

Moniz said that even if the openly estab-
lished “fuel cycle states” have 80 percent
of the expected nuclear generating capac-
ity, that would leave 200 gigawatts in other
nations, raising nonproliferation concerns.
Incentives to prevent rogue states from de-
veloping independent nuclear capability
would have to include not only assured fuel
supplies, but also spent fuel removal,
which means resolution of high-level waste
problems worldwide. Moniz said that it
would be necessary for spent fuel to be
stored for 50 to 75 years, despite what he
termed the industry’s “religion” of fuel cy-
cle closure. He noted that the expected car-
bon emission mitigation cost for fossil gen-
eration would be at least $50 per ton of
carbon, or $8 per megawatt-hour, which is
far more than all expected fuel and waste
costs for nuclear—so carbon constraint can
become an incentive for nuclear, in full
compliance with the Non-Proliferation
Treaty.

Although the MIT study looked at a large
addition of nuclear power extending to mid-
century, Moniz was dubious of a major
prospect used recently to argue in favor of
advanced nuclear power: hydrogen produc-
tion. He said that significant use of hydro-
gen as a fossil-fuel substitute “may be
decades away at a minimum . . . we’re all
getting carried away” on hydrogen’s likeli-
hood of displacing oil use. He advised the

audience not to lose
sight of the scale of
what would have to
be done (as had been
shown in the Korean
presentations re-
ported above). He
called hydrogen “in-
trinsically inferior”
to petroleum, and
said that nuclear
power should con-
tinue to be presented

as an electricity option, with no attempt to
oversell hydrogen.

Other presentations
There were occasional moments at ICAPP

2004 when it seemed that two U.S. reactor
designs—Westinghouse’s AP1000, and
General Electric’s ESBWR—were being

compared to one another. These are the de-
signs chosen by NuStart for certification, and
(despite Steve Melancon’s position) appar-
ent competition. Thus, fairly or otherwise,
the designs are now seen as linked, and in a
race that would end with one being the pre-
ferred choice and the other at least having to
wait. Atam Rao, of GE, in his presentation
to the second plenary on ESBWR, described
this reactor as having a capability of 1550
MWe (the AP1000 is currently rated at 1117

MWe), and said that
it will use compo-
nents similar to those
already being made
for the ABWRs com-
ing into service. He
admitted, however,
that the ESBWR is
not as far along as the
AP1000, which he
said is “two years
ahead of us” in the

design completion and NRC certification
processes.

In a session on the Very High Tempera-
ture Reactor (VHTR), which is the princi-
pal Generation IV design being pursued in
the United States, Phil McDonald, of the
Idaho National Engineering and Environ-
ment Laboratory, reported on a point de-
sign study that compared pebble bed core
design to the “block” design, with fuel and
moderator in parallel vertical blocks. He
said that he would not choose one over the
other, but concluded that fuel cycle costs
would appear to be lower for pebble bed
than for blocks. In the next paper, Yasushi
Muto, of Tokyo Institute of Technology—
working from different design assump-
tions—found that a cooling system that al-
lowed for horizontal as well as vertical
flow could help reduce some of the draw-
backs associated with pebble bed cores.
This flow pattern offers a 2 percent im-
provement in thermal efficiency and 5 per-
cent less core pressure drop, allowing the
maximum fuel temperature to be as low as
1110 °C.

Perhaps the most inopportune turn of
phrase at the meeting came from Norbert
Frischauf, of the European Space Agency’s
(ESA) European Space Technology Center,
who chaired the session on nuclear power
and propulsion systems, and opened it with
remarks on European perspectives on the
topic. After concluding that Europe should
work on materials and other support issues,
and decide later whether ESA should enter
reactor development, he said that it was
necessary to “go back to the classroom” to
educate the public on nuclear materials used
in spacecraft—to actively provide informa-
tion, “and not let it fall down from the sky.”
Whether a nuclear spacecraft would fall
down from the sky is, of course, exactly
what the public would worry about.—E.
Michael Blake
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The MIT study concluded
that there would have to be
tax incentives for the “first

movers,” who ordered
roughly the first 10 reactors.

Moniz

Rao


