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Meetings

N U C L E A R I S S T A R T I N G to be seri-
ously discussed at the global warm-
ing conferences, said ANS President

Andy Kadak at the opening plenary of the
ANS Winter Meeting, held November 14–18
in Long Beach, Calif. This may indeed be
progress compared with the earlier total lack
of recognition of the role of nuclear power in
reducing greenhouse gas emissions. A notable
lack of mention of nuclear, however, was still

evident in the official
resolutions that came
out of a rather indeci-
sive COP5 meeting in
Bonn, Germany, just
before the ANS meet-
ing (NN, Dec. 1999,
pp. 18 and 55). Kadak
mentioned other ef-
forts of the industry
and the Society to
open up communica-
tions on nuclear issues

such as Yucca Mountain, reconsideration of
low-level radiation limits, rethinking of poli-
cy on the recycling of used fuel, and develop-
ment of fourth-generation nuclear plants,
which would help to establish the sustainabil-
ity of the nuclear energy option.

Senator Larry Craig (R., Idaho), while ac-
knowledging that nuclear power was the
“silent partner in clean air compliance,” was
also fairly upbeat about the prospects for nu-
clear power in the new millennium. He cer-
tainly considered that news of the demise of
the nuclear industry was greatly exaggerated.
With more than 100 plants supplying 20 per-

cent of the country’s electricity and recogni-
tion that most plants can operate for their full
60-year potential, there is still a lot of life left
in the nuclear industry, he said. Research
funding, however, will be critical to get a new
generation of young engineers enthused about
the next generation of nuclear power plants,
he noted.

Nuclear waste, Craig said, was “only frus-
trating to those who
want to make it so.” In
comparison with the
environmental impact
of other sources of en-
ergy, nuclear waste is
a “tremendous story to
tell,” he said. But re-
sponding to a question
about market forces,
Craig said that he was
extremely cautious
about deregulation of

the markets because the “marketplace does
not have the wisdom of looking over the
horizon.”

Nils Diaz, a commissioner on the Nuclear
Regulatory Commission, noted that 16 of the
31 states in the United States had already de-
cided to deregulate electricity. Times have
certainly changed, he said, and “could go
good or could go bad.” Citing a Mexican

proverb, he said, “When the river is turbulent
the fishermen benefit.”

The good news from the massive restruc-
turing of the electric utility industry was that
stranded costs are now almost nonexistent,
and operators of the existing nuclear plants
have shown that safety and competitive costs
are compatible, Diaz observed. But for the
competitiveness of new plants, he said he did

not believe that the
nuclear industry was
going to get a level
playing field anytime
soon. For the near fu-
ture, the nuclear in-
dustry is going to have
to be better than the
competition, Diaz de-
clared. From the regu-
latory point of view,
he added, the most im-
portant development

will be the adoption of risk-informed regula-
tion so that spending can be better focused on
real safety issues. He urged utilities to com-
plete the development of functional proba-
bilistic risk assessments and the training of op-
erators to use them. “One avoided shutdown
will pay for it,” he said.

Risk-informed regulation was a topic that
recurred at several sessions of the meeting,
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where it was seen as a glimmer of hope for a
more cost-effective approach to licensing of
future nuclear plants. It is one of the projects
of the Department of Energy’s Nuclear Ener-
gy Research Initiative (NERI), which was
mentioned by Melanie Kenderdine, of the

DOE, as one of the ar-
eas where government
funding is providing
some support for the
nuclear industry.

Apart from NERI,
which Kenderdine
said had so far re-
ceived only $5 million
of funding, the other
main area of DOE en-
ergy research and de-
velopment that seems

to be moving ahead is a six-year, $800-mil-
lion program to support the development of a
technology road map for the accelerator trans-
mutation of waste, which is described in more
detail later in this report. Kenderdine thought
that it could complement the proposals for a
geologic waste repository.

In the absence of anything more down to
earth in the way of nuclear energy R&D, the
plenary session organizer chairman Harold
Ray included a final paper to encourage a lit-
tle futuristic stargazing. Veteran astronaut
Franklin Chang-Diaz reported enthusiastical-
ly on the progress of the National Aeronautic
and Space Administration’s development pro-
gram for ion propulsion systems that could
eventually open up the possibility of a manned
flight to Mars. For the benefit of his nuclear

audience, Chang-Diaz
stressed that it would
be an absolute neces-
sity to have nuclear re-
actors to provide the
tens of megawatts of
power to drive the ion
propulsion engines on
an eventual manned
mission. But for the
flight demonstration
of a small prototype
engine using hydro-

gen propellant—which he said was now ready
to go—the power requirements of 10 to 15
kWe will be provided by two large, 12-meter-
long solar panels.

In the colorful visuals of a conceptual
manned spacecraft, which were presumably
drafted for wider public dissemination, little
prominence was given to two small nuclear
reactors that would be mounted on long ex-
tending arms. Development work on suitable
reactors is apparently being carried out at Los
Alamos National Laboratory, together with a
system of heat pipes, which would deliver
power to thermoelectric generators. These
generators would power lightweight super-
conducting magnets for ionization and accel-
eration of hydrogen propellant.

Fourth-generation reactor?
The ANS President’s Special Session on

fourth-generation reactors at this year’s Win-
ter Meeting was devoted to the ever popular

pastime at nuclear conferences of discussing
new conceptual designs of reactors—or per-
haps old ones revived. The session was tinged
with plenty of realism about the need for a
next-generation reactor to be truly competi-
tive even on a less-than-level playing field
with other sources of energy. But it took re-
tired GE executive Bert Wolfe, speaking
from the floor, to remind the meeting that the
industry had been here before. Back in 1959,
he said, what was then the Atomic Energy
Commission produced a list of 11 reactor de-
signs that were thought to have a chance of
making it commercially. At the top of the list
was the organic-cooled reactor, which, sur-
prisingly, does not seem to have been redis-
covered in the latest batch of next-generation
reactors. Wolfe urged everyone to think very
carefully before abandoning the huge amount
of effort and money that has gone into the
very successful development of today’s light-
water reactors.

Bill Magwood, director of the U.S. Depart-
ment of Energy’s Office of Nuclear Energy,
Science and Technology, sought to define
what was meant by generation-4 reactors.
Generation-1 were the reactors of the late
1950s that first demonstrated the possibilities
of commercial production of electricity from
nuclear power. Generation-2 are the reactors
that are now successfully generating electric-
ity around the world. Generation-3 are the
new advanced and evolutionary light-water
reactors that were designed for the 1990s, but,
Magwood said, the target for which they were
designed unfortunately has been largely by-
passed, at least in the United States. These re-
actors are still very attractive and expected to
do quite well in parts of the world such as

Asia, but for the Unit-
ed States, Magwood
thought that “some-
thing new will have to
happen” before there
is large-scale reorder-
ing of nuclear power
plants. That is the mo-
tivation behind the
present consideration
of a new generation-4
reactor, which, he
said, would have to

address the issues of economics, proliferation,
safety and waste.

A favorite at recent international confer-
ences has been the South African concept of
a modular high-temperature gas-cooled reac-
tor—known as the Pebble Bed Modular Re-
actor (PBMR). This is certainly nothing new,
deriving as it does from the small pebble bed
reactor developed and successfully operated
for many years in Germany in the 1960s and
1970s.

But a breath of fresh air was provided by
David Nicols, from South Africa’s Eskom. He
was enthusiastic, but still very down to earth,
about the prospects for this reactor in the spe-
cial market situation in South Africa, and con-
sidered that if it is successful there, it might
have considerable potential in other countries,
both developed and developing.

Although he is a former nuclear sub-

mariner from the United Kingdom, Nicols
maintains that he was rather skeptical about
nuclear options when Eskom embarked upon
a wide-ranging study of its future generating
plant requirements. He explained that the
generating cost has to be seen against the 1.3
¢/kWh that Eskom is presently paying for
electricity from a string of 11 standardized
4000-MWe coal-fired plants sitting on top of
coal mines around Johannesburg. It was ac-
cepted that new generating capacity would
cost more, especially when located some
1400 km away on the southern coast, to serve
the growing demand around Cape Town, but
the target for the studies was still set at a chal-
lenging 1.5 ¢/kWh. The conceptual design of
the Pebble Bed Modular Reactor (PBMR),
which has now been completed, comes in at
1.43 ¢/kWh.

Details of the PBMR have been widely re-
ported in the past year, but highlights from the
table of plant parameters for a 114-MWe net
module include: a capital cost of about $100
million per module; a 40-year plant lifetime;
on-load fuel cycling; general overhauls of 30
days every 72 months; a construction period of

24 months; and an op-
erational staff level of
80 for a 10-module
site.

Nicols said that the
main reason for the
low capital cost was
the “walk-away” safe-
ty features of the reac-
tor design. With con-
ventional light-water
reactors, he claimed
that about 75 percent

of the cost was related to the provision of a
safety system. Also, the ability to give an un-
qualified “no” in answer to the question “Can
the nuclear plant have an accident which
could affect the public?” gives a major boost
to public acceptance.

On the inevitable waste question, the de-
sign concept adopts the relatively simple so-
lution of diverting the spherical fuel ele-
ments—once they have reached a very high
burnup—directly to storage containers in a
basement below each module. Sufficient ca-
pacity for all the spent fuel from 40 years of
operation will be provided, and when the re-
actor modules are decommissioned, the spent
fuel will be left in the storage basements for a
further 40-year cooling period, by which time
it should be suitable for placing in a final
repository.

Nicols outlined the current status of the
PBMR project. A submission to the licens-
ing authorities in 1998 and an environmental
impact assessment started in 1999 are ex-
pected to lead to decisions on the licensabil-
ity of the plant at a proposed site by March
2000. If favorable, detailed design work
could commence in July, followed by a final
investment decision from Eskom in October.
Construction work could then start in Janu-
ary 2001, leading to a start of non-nuclear
hot functional testing in mid-2003, criticali-
ty in mid-2004, and power operation by De-
cember 2004.
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The other speakers indicated that plenty of
work is still continuing on other nuclear op-
tions for the future. An academic perspective
of some of the options was provided by Mu-
jid Kazimi, a professor at the Massachusetts
Institute of Technology. He mentioned re-
newed interest in LWRs with epithermal neu-
tron spectra, allowing the seed-blanket fuel
approach to proliferation-resistant burning of
plutonium and utilization of the thorium fuel
cycle. And he dared to speculate on the
reemergence of fast neutron spectra in future
reactors.

Reviewing work being carried out under
the DOE’s Nuclear Energy Research Initia-
tive (NERI), George Davis, of ABB Com-
bustion Engineering, echoed the views of
many of those present when he said, “In a
deregulated market place, if you are not eco-
nomic you are dead.” He identified reduction
of capital costs as the primary objective—say-
ing that there is not much margin for further

reduction of fuel and
O&M costs below the
level of 1 ¢/kWh now
being achieved at op-
erating plants. He was
looking for a reduc-
tion of at least 35 per-
cent in capital costs
for new plants, or an
overnight capital cost
of $1000/kWe, and
construction sched-
ules of three years or

less. Some ideas of what might help to achieve
these reductions included: redefining regula-
tory and design bases, using a risk-informed
approach; introducing advanced, computer-
based technologies into plant designs; and uti-
lizing advanced, computer-based technologies
in processes for design, fabrication, procure-
ment, and construction.

Who is going to build a fourth-generation
nuclear plant? The electric utility industry, of
course, and most likely one of the large nu-
clear generators that are emerging from recent
mergers and acquisitions within the utility in-
dustry. The final speaker in the President’s
Special Session provided a reality test. Ward
Sproat, director of strategic programs at
PECO Nuclear, titled his paper, “So you want
to build a nuke?” with the subtitle, “If it can’t
make money, forget it!” He went on to outline
some of the challenging requirements that will
have to be met, including a target generation
cost of less than 3 ¢/kWh; licensing certainty
with a one-stop process and clear risk-in-
formed regulatory requirements; a capacity
factor greater than 85 percent, with 24-month
refueling cycles, load following capability,
and a 60-year operating life; inherent safety
features to tolerate operator errors and equip-
ment failures; high-integrity fuel and a fully
developed probabilistic safety assessment that
shows significant risk reduction from current-
generation nuclear plants.

Sproat also emphasized the importance of
maintainability. He said that maintenance re-
quirements should be fully integrated into the

design; on-line maintenance should be the
norm; manpower for surveillance testing
should be minimized; and in-service test re-
quirements should be risk-informed.

The Tokaimura accident
The Technical Program Chair’s Special

Session about the criticality accident in a ura-
nium conversion plant at Tokaimura, Japan,
and the emergency response, provided de-
tailed facutal information on the September
30 incident. The Japanese speakers, two from
the Japan Atomic Energy Research Institute
(JAERI) and one from the Japan Atomic In-
dustrial Forum (JAIF) were apologetic about
the accident, which they said was “inexcus-
able,” “really regrettable,” and “shocking to
us in Japan.”

They gave a full and frank description of
the event and its consequences, generally con-
firming the facts as reported in Nuclear News
(Nov. 1999, p. 42). Additional information,
mainly related to the amount of fission that
took place during the criticality, has been re-
constructed from samples taken from the ves-
sel in which the event occurred and from mea-
surements of neutron activation of a stainless
steel cooler on the outside wall of the plant.
Also provided was additional information on
the radiation doses received by workers and
members of the public, which generally con-
firms that apart from the three workers who
were exposed to very high doses of radiation,
others received only low doses which are very
unlikely to have any adverse health effects.
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And extensive monitoring programs have
confirmed that radioactive contamination was
very slight and almost entirely confined to the
plant.

Kunihisa Soda, Deputy Director of JAERI’s
Tokai research center,
which is 6 km away
from the JCO plant,
gave some more exact
details of the unautho-
rized procedures of
dissolving U3O8 pow-
der in nitric acid in a
stainless steel bucket
before transferring it
to the precipitation
vessel in which the
criticality occurred.

He said that on the previous days, September
28 and 29, seven batches containing a total
of 9.6 kg of the 18.5 percent enriched urani-
um had been transferred to the vessel. On
September 30, three workers were involved
in transferring a final three batches, each
containing 2.4 kg of uranium. A beaker was
actually being used to transfer the last batch
from the bucket to the precipitation vessel,
and all but 0.2 kg of the batch had been trans-
ferred when the criticality occurred. This
means that the total uranium in the vessel
would have been around 16.6 kg with an es-
timated concentration of 370 g(U)/liter.

Soda showed what he said was the only
continuous measurement of neutrons, from
the beginning to the end of the event, which
had been obtained from two JAERI monitor-
ing posts located 2 km west of the JCO plant.
These clearly show an initial peak lasting a
few seconds followed by a long, more or less
steady reading for the following 19 hours and
40 minutes until the reaction in the vessel was
finally stopped by draining water from a sur-
rounding cooling jacket.

From samples removed hastily from the
vessel on October 28, two independent teams
came up with a figure of 2.5 � 1018 for the to-
tal number of fissions that had occurred dur-
ing the criticality. Subsequent activation
analysis of steel in surrounding pipework
yielded a figure of 2.4 � 1018. Soda said that
he considered that they had a very reliable fig-
ure for the total number of fission neutrons.
Reconstructing the time profile of the neutron
emissions with the help of associated gamma
measurement, it appears that 1.3 � 1018 neu-
trons were emitted during the plateau period of
19-plus hours, which suggests that 1.2 � 1018

neutrons were emitted in a first power tran-
sient of a few seconds.

Shohei Kato, the head of JAERI’s radiation
risk laboratory, summarized the results from
environmental monitoring and dose recon-
struction programs. The latest figures for dose
reconstruction of the three severely exposed
workers are approximately 9000, 5000, and
1000 mGy.

Among some 124 other persons on or near
the site, 36 workers had doses detected on per-
sonal dosimeters and 22 from film badge mea-
surement. Twenty-one workers engaged in the
operation to drain water from the cooling jack-
et around the precipitation vessel recorded dos-

es in the range 0.05 to 120 mSv, and six more
workers involved in feeding boric acid into the
vessel recorded 0.03 to 0.61 mSv. Another 56
workers around the site are estimated to have
received whole body doses in the range 0.1 to
23 mGy.

Three Tokaimura firemen who came to the
site and escorted the
three severely injured
workers to the hospi-
tal underwent whole
body monitoring and
were estimated to
have received doses
in the range 0.5 to 4.1
mGy. Seven scaffold-
ing workers on a con-
struction site near the
fence closest to the
accident were also

found, from whole body monitoring, to have
received estimated doses between 0.5 and 9.4
mGy.

Looks like global warming is for real
The year 1998 was the warmest in the past

decade; it was the warmest since instru-
mented records began some 120 years ago;
it was almost certainly the warmest year of
the last six or seven centuries, and likely the
warmest in the last thousand years. And it
looks as if 1999 is going to be up there with
1998. “So it seems that there is little doubt
that global warming is occurring,” conclud-
ed Johnathan Overpeck, a leading paleocli-
matologist who spoke at the opening session
of a Special Symposium on Global Warming
that was incorporated into the ANS Winter
Meeting.

Although Overpeck and other speakers at
the session were presenting a lot of new re-
sults from numerous scientific studies and
highlighting the unprecedented increase of
around 0.7 °C in average global temperatures
in the past century and the very dramatic in-
crease of 7 °C in the last 10 years, the most in-
teresting feature of the presentations was the
reconstruction of climate conditions over
many thousands of years—which is what pa-
leoclimatology is all about. This relies on an-
alyzing tree rings, core samples from the cen-
ter of ancient corals, the ice layers of glaciers
and core samples from the polar ice caps, and
other data. It is possible to reconstruct likely
temperatures and trace gases in the atmos-
phere going back many thousands of years. It
is also possible to validate the analytical mod-
els from the overlap of those data with data
recorded by humans over the past century or
so. 

“The nice thing about this field is that
there is a lot of exchange and all the data and
different views are available on the Web,”
Overpeck said, as he presented what seemed
to be a very comprehensive picture of glob-
al temperature variations. The variability is
very apparent, and several dramatic changes
in climate can be identified with different
forcing factors, such as periods of excep-
tional volcanic activity. The variations due
to small orbital changes of the Earth around
the Sun can also be clearly seen and are now

very predictable. The correlation of temper-
ature variations with CO2 and other green-
house gases also looks to be very convinc-
ing. “One message that we can take back,”
Overpeck said, “is that this century [he was
speaking before the end of 1999] and partic-
ularly the last couple of decades is almost
without doubt the warmest that we have seen
for the last several centuries, particularly the
last thousand years.”

The important question is what portion of
the recent temperature increases is due to nat-
ural variability, how much might be due to
other natural forcing effects, and how much
is due to human activities since the start of the
industrial revolution. The speakers at the ses-
sion indicated that they had been prepared to
look closely at the various conflicting argu-
ments, but increasingly they supported a con-
sensus view that only 0.2 °C of the 0.6–0.7 °C
rise in mean temperature over the past centu-
ry could be attributable to natural forcing ef-
fects. At least two-thirds is believed to be due
to the greenhouse effect resulting from man-
made emissions.

It would be a concern if there were also
some natural variability coming into play,
“because it could produce some even nastier
surprises,” Overpeck said. One of the nasty
surprises that attracted some serious discus-
sion was the possibility of melting Arctic ice
diluting the salty water at the northern ex-
tremity of the Gulf Stream, thereby preventing
its sinking to the deep ocean return currents—
the so-called conveyor belt. This could halt or
reverse the Gulf Stream almost overnight,
which would have a devastating effect on the
climate of northern Europe.

Environmental costs
A recent study released by an arm of the

Department of Energy has forecast that nu-
clear power will wither as an energy source in
the United States within 20 years (NN, Dec.
1999, p. 55). The void created by its absence,
according to the report, will be largely filled by
the increased use of coal and natural gas, with
no restrictions on carbon emissions coming
from those fossil-burning plants. Not all DOE
employees agree with that prediction, termed
“antinuclear” by Madeline Feltus, assistant di-
rector of the DOE’s Office of Nuclear Ener-
gy, Science and Technology (NEST). “We
have a constant battle with our Energy Infor-
mation Agency [EIA—the agency that pro-
duced the study] within the DOE,” said Fel-
tus. “They’re the ones we have to set straight.”

Feltus, a panelist at the “Accounting for En-
vironmental Costs in the Production of Elec-
trical Energy” session, said that the environ-
mental cost advantages of nuclear were not
accounted for in the EIA study. Its problem—
and the problem of a similar study produced
by five national labs, she added—is that it as-
sumes fossil fuel energy production will in-
crease without any changes in the economic
basis. Feltus considers that unrealistic.

To provide a more likely forecast, NEST
commissioned two energy studies of its own.
The first, produced in 1999 by Oak Ridge Na-
tional Laboratory, uses capital and operating
costs to look to the year 2020 for electricity
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generation. Its objective is “to evaluate a few
possible scenarios: A change in gas prices,
real inflation, and a carbon tax strategy,” Fel-
tus said.

Seven scenarios are considered in the Oak
Ridge study, including a reference case, a gas-

price escalation case,
and one for reducing
nuclear’s capital costs.
Each scenario mea-
sures the amount of
carbon-emission tax
that would have to be
levied on fossil units
in order for nuclear to
be economically com-
petitive in the future.
In most of the seven
scenarios, fossil units

would have to be taxed between $50 and $80
per metric ton of carbon emission. However,
Feltus said if gas prices increased just slight-
ly over the next 20 years, nuclear would need
a tax of only about $8 per metric ton of car-
bon emissions to compete.

The best-case scenario for nuclear, accord-
ing to Feltus, would be if gas prices increased
slightly and nuclear plants reduced their cap-
ital costs by 10 percent. “Then a carbon tax
wouldn’t be necessary at all for nuclear to
compete,” she said.

All seven scenarios in the Oak Ridge study
are based on the following configurations: The
nuclear plant is an Nth of its kind advanced
light-water reactor, at 1300 megawatts, need-

ing no more than six years to build and li-
cense. (In explaining the construction period
of this new plant, Feltus said, “A new nuclear
power plant will not be built in the U.S. un-
less it takes less than six years.”); the coal
plant has three pressurized fluidized bed com-
bustion units, each at 400 MWe, with a con-
struction time of four years; and the gas plant
is a combined cycle turbine, four units, each at
300 MWe, built in 2 3⁄4 years.

The second NEST study, done by Brook-
haven National Laboratory and as yet unpub-
lished as of the date of the session, looks at
four scenarios. The first scenario is the EIA
base case, or the “antinuclear scenario” as Fel-
tus called it, with no restriction on carbon
emissions from fossil plants. It assumes that
the existing nuclear power plants in the Unit-
ed States continue to operate without any li-
cense renewal and that no plants are built. In
this scenario, by 2025, nuclear holds about a
five percent share of the nation’s electricity
generation.

At the other end of the spectrum is the
pronuclear scenario, what the study calls the
“nuclear option with stabilization” case, in
which current nuclear plants are permitted to
operate through their current licenses, license
renewals are allowed, and new reactors are
built if their prices are competitive. In this sce-
nario, CO2 stabilization is in place, meaning
emissions for the United States cannot exceed
1990 levels by the year 2010 and beyond.
Here, nuclear holds about a 65 percent share
of the nation’s electricity generation.

The bottom line of the Brookhaven study,
Feltus summarized, is that without new nu-
clear power plants and license renewal, fossil
units will spew about 750 million metric tons
of carbon into the atmosphere per year by
2025, as opposed to the roughly 500 million
metric tons that are released today. But under
the “nuclear option with stabilization” sce-
nario, emissions will be cut to just more than
150 million tons by 2025. “The main thing
here,” she concluded, “is that if we stabilized
our CO2 emissions with nuclear, we can allow
our demand growth to grow by a factor of 1.4
by 2025. And if we stabilize our CO2 emis-
sions with nuclear, we can still allow coal to
play a role in electricity production.”

Speaking on coal’s role in the coming
decades was Nader Mansour, manager of De-
partmental Regulations for Southern Califor-

nia Edison Company.
SCE owns shares in
four coal-fired units:
Two are located at the
southern tip of Neva-
da, and two are at the
northwest corner of
New Mexico.

Mansour opened his
talk by stating what
most would consider
as obvious: “Coal is
going to continue to be

a player in the energy mix in the United
States.” But, he added, even for those in the
coal business, the statement is not as obvious
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as it seems. According to U.S. Environmen-
tal Protection Agency projections, Mansour
said, coal generation will rise to about 2 mil-
lion GWhs by 2005 before starting a slow de-
cline between the 2005 and 2010 period. Be-
cause of having to comply with upcoming
governmental regulations as early as 2008, he
said, environmental costs for coal producers
will be expensive. The regulations will deal
with controlling NOx emissions, CO2 green-
house gas emissions, Mercury and toxic emis-
sions, thermal discharge in water, and dispos-
al of solid wastes such as fly ash and scrubber
waste. Those regulations, when implemented,
will be a “nightmare” for most coal produc-
ers, he said.

How expensive will new controls be for
coal-power producers? “You’re looking at
scrubbers, for instance, at [a cost of] about
$200 per kW,” Mansour said. “If you’re look-
ing at NOx control, maybe somewhere in the
neighborhood of $40–$100 a kW, depending
on what kind of control you use.”

For now, what the coal industry is doing is
moving from high-sulfur coal to low-sulfur
coal, with the sulfur content dropping by
about 20 percent. “That seems to be the strat-
egy of choice to meet the sulfur restrictions
that the EPA has imposed,” Mansour said.

The coal industry has also started investi-
gating carbon sequestration through a refor-
estation project, through which trees would
consume CO2. “I’ve seen estimates about
what that might cost, ranging from $25 a
ton,” Mansour said. “The idea would be to
purchase a plot of land in a locale that is suf-
ficient to sustain a forest, replant it, and make
sure nobody cuts down the trees. You’d have
to make sure the wood never burned, never
decayed. That’s part of the weakness of the
strategy.”

Another weakness of reforestation, accord-
ing to Mansour, is that he is unsure if it would
be sufficient to stabilize CO2 levels, “let alone
achieve the reduced levels sought at Kyoto.
So even if it worked as a strategy, you’d still
have to figure out something else for the CO2,
if indeed the claims about global warming are
valid,” he said. 

The DOE, added Feltus, is spending “lots
of money” on carbon sequestration, “much
more than they’re putting into nuclear ener-
gy.” One possible DOE research project in-
volves taking the effluent from coal plants and
piping it under the ocean or into salt domes.
“You listen to this and ask yourself, ‘Where
are they going to get the energy to do this?’”
she questioned. Feltus said the cost would be
$40 million to research it and $200 million to
demonstrate it. But the bottom line, she said,
was that taking carbon and pumping it under-
neath the ocean would cause a huge wave in
the environmental community. “If you don’t
think there’s going to be a big environmental
outcry from that, you’re mistaken,” she con-
cluded. “I cannot see people in Texas advo-
cating taking carbon and NOx gas and pump-
ing it several hundred miles underneath the
Gulf Sea and expecting it to be environmen-
tally safe.”

Moving on to coal’s competition from oth-
er energy producers, Mansour said he didn’t

see coal and gas as competing for the same
market. “Gas combined cycle is going to con-
tinue to peak their market by and large,” he
said. “They will not ever be able to get into
$16 or $12 a megawatt-hour.” He added that
nuclear would be coal’s main competitor be-
cause “I don’t think [nuclear is] going to be
able to compete with the combined cycle. I
think at the present price of gas turbines, you
can run gas turbines at 80–90 percent and they
will beat coal and nuclear right now. So I think
in terms of the current price of gas, you’ll
build gas instead of nuclear or coal.”

Most new gas plants, however, are peaking
plants, Feltus commented, and those that are
baseload units are small because the nation’s
population centers already have the baseload
capacity they need. Feltus added that there are
parts of the country where natural gas is not
cost-effective because of low population den-
sity. “There’s no way in South Dakota they’re
going to have natural gas lines,” she said. “I
live 40 miles outside of Washington, D.C.,
and I don’t have natural gas. I have to use
propane. That boggles my mind.”

Herbert Inhaber, president of the consulting
firm Risk Concepts and author of the book

Slaying the NIMBY
Dragon, talked about
leveling the playing
field for all energy
producers. Before the
oil crisis of 1973, In-
haber said, nuclear had
an advantage on the
field in terms of being
the beneficiary of gov-
ernmental subsidies
and public interest.

Since then, the field
has slanted the other way, with nuclear pow-
er regarded as not worthy of subsidy, and the
public losing interest. As revealed by results
of public opinion polls over the years, Inhab-
er continued, the public’s interest has turned
“very strongly” toward the development of re-
newable energies such as wind and solar. “So
we clearly have an unlevel playing field, and
this is evidenced in the research money given
to renewables by the DOE,” he said.

Making the field more level—for nuclear
“it probably will never be completely level,”
Inhaber said—will depend on how much pos-
itive information about nuclear power is ac-
cepted by the public press and into the public
mind.

Inhaber stressed the need for a future re-
search project comparing the health and envi-
ronmental impacts of all forms of energy in a
variety of ways. “To my knowledge, nothing
comparable to this has been done in the U.S.
for many years. There have been studies com-
paring different forms of energy—health im-
pacts and the like—but nothing comprehen-
sive. So there is a research opportunity here,”
he said.

He recalled as a model a similar study done
in the early 1970s by the Atomic Energy
Commission, which specifically laid out the
environmental and health risk aspects of nu-
clear and coal. Another model was a large
study done in Europe called “ExternE,” which

was conducted by 30 research centers starting
in 1991. But while heavy on data, no conclu-
sions were drawn in “ExternE,” according to
Inhaber.

The challenge in trying to compare all
forms of energy is to use only the most rea-
sonable assumptions, he said. “In other words,
some are very contradictory. Certain people
have made the assumption that [another]
Chernobyl will happen in a year. So one has
to be courageous and throw away the things
that are not reasonable. On the other hand, you
[also have to] try to keep the amount of
[pronuclear] bias down to a minimum,” he
said.

Equally important, Inhaber said, is that the
results of the study, once obtained, have to
be presented in a form directed at the gener-
al public. For example, data on health, envi-
ronmental factors, etc., would have to be
converted to simple bottom-line monetary
figures showing Energy System A as more
economically beneficial than Energy System
B. “If your results are presented in a form
only scientists and engineers can understand,
then I think half the battle is lost,” he said.
“How do you get it in journalists’ heads and
how do you get your points across that will
get published? If it’s not published, you’ve
failed.”

Ultimately, Inhaber concluded, leveling the
playing field will mean shaping public opin-
ion, because without the latter, the former
“will never take place.”

LNT: A matter of “fraud”?
When an audience member questioned

whether support of the linear no-threshold
(LNT) hypothesis, also known as LNTH,
amounted to nothing more than “scientific
fraud,” an explosion of agreement came from
some panelists at the “Low-Level Radiation
Health Effects” session during the ANS Win-
ter Meeting, held November 14–18, 1999, in
Long Beach, Calif.

The LNT, the recommendation upon which
national and international radiation protection
policies are based, holds that any amount of
radiation down until zero dose could have a
negative effect on living organisms. Detrac-
tors of the LNT, including the panelists at the
session, counter that studies have shown that
certain lower levels of radiation have no detri-
mental effect and in fact are beneficial. Sci-
entific evidence has proved that the LNT “is
not consistent with the biology as we know
it,” according to Myron Pollycove, M.D., one

of the panelists and
special assistant to the
deputy executive di-
rector of operations of
the Nuclear Regulato-
ry Commission. There
also are charges that
data supporting the
LNT have, as the pan-
elists claim, been sub-
stantially misrepre-
sented, that good data
exist that contradict

the LNT, that these good data have not been
adequately considered in setting public policy,
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and that billions of dollars are wasted in the
unnecessary cleanup of sites to background
levels. All these factors seem to give support
to James Muckerheide, session organizer,
who said that the effort to retire the LNT “is
not something that we feel we are stretching
the bounds on.”

The challenge in this regard is to keep pro-
moting data that contradict the LNT, the pan-
elists agreed. “There’s been a lot of effort to
recognize that the LNT is not the right model
to use scientifically for what’s going on with
radiation,” said panelist Theodore Rockwell.

Rockwell noted that
Sen. Pete Domenici
(R., N.M.) pushed for
funding for a new
low-level radiation re-
search project to be
conducted by the De-
partment of Energy (a
10-year DOE study on
health risks of low ra-
diation exposures is
under way—see NN,
Oct. 1999, p. 68), and

that the American Nuclear Society has re-
cently released a position statement on the
health effects of low-level radiation (NN, Aug.
1999, p. 108). The ANS position statement de-
clared that there is “insufficient scientific ev-
idence to support the use” of the LNTH.

But the LNT won’t go away without a long
struggle, admitted Rockwell, a founding di-
rector of Radiation, Science & Health, Inc. “If
you’re talking about the LNT hypothesis,
you’ll be handed a 300-page report from the
NCRP [National Council of Radiation Protec-
tion], who defend it, or the BEIR [Biological
Effects of Ionizing Radiation committees],
who defend it. This report, with equations and
figures, is a pretty imposing challenge,” he
said.

The bottom line, the panelists agreed, is not
in determining whether the line in the LNT is
indeed linear or exactly at which point a
threshold exists, but in doing away with the
hypothesis that claims that low levels of radi-
ation are harmful, as its supporters insist. Pan-
elist Al Tschaeche, CEO of Nuclear Standards
Unlimited, related a story about his drive up
from San Diego where he was slowed by an
accident on the freeway: “It occurred to me as
I was sitting in the car waiting to go that what
I was doing in driving up here was almost in-
finitely more hazardous than if I were to get a
few millirem of radiation.”

“From a physician’s point of view and a
common sense point of view, we don’t know
of anything biologically that works on a lin-
ear basis,” said Pollycove. Pollycove has
been with the NRC for eight years, after years
as head of nuclear medicine and the clinical
laboratory at the University of California–San
Francisco. He also formerly was head of nu-
clear medicine at San Francisco General 
Hospital.

Pollycove, as a medical doctor, admitted
that for the ll years he worked in nuclear
medicine, he never questioned the LNT and
assumed that the people spending their time
and money issuing reports on it had a credi-

ble scientific basis. “But I was shocked when
I had the time to look into it” and realized
that there was no proof behind the hypothe-
sis, he said.

Using examples from the world of physiol-
ogy to support the argument against the LNT,
Pollycove recounted that too much physical
exercise can wear out the body, while too lit-
tle can cause it to atrophy. The right amount,
however, benefits the body and makes it
stronger. Likewise are the effects of mental
stress on a human: too much can cause a ner-
vous breakdown, too little can cause the mind
to vegetate. In the same category are poisons,
he said, from arsenic to strychnine to seleni-
um, which are all toxic if taken in large dos-
es, yet have beneficial uses if taken in very
small amounts. “It is odd, then, that somehow
radiation should become the sole exception to
this rule,” he said.

In explaining the logic that contradicts the
LNT, Pollycove said the human body en-
dogenously creates 200 million times more
“free radicals” (disease-causing mutations)
per day than does a normal daily dose of back-
ground radiation, which, he said, is one-tenth
of a centigray (cGy), or rad. Each day, he ex-
plained, 1 billion free radicals are produced in
each cell of the human body, but only 1 in
1000 get to the DNA to cause damage to the
body. These mutations are the same as free
radicals generated by radiation. The free rad-
icals in the DNA are normally removed and
damage repaired by the body’s immune sys-
tem, which generates antioxidants that fight
the free radicals.

And so, while it is accepted that a healthy
human body naturally fights off billions of
mutations endogenously created per day (in
addition to the daily dose of background radi-
ation) without any deleterious effect, the LNT
theorizes that even a fraction of the daily dose
of background radiation can be harmful, ac-
cording to Pollycove. The illogic of this “has
all been ignored,” he said.

On the contrary, Pollycove said, when
background radiation is increased tenfold, to
1 cGy, as was established in UNSCEAR’94
(United Nations Scientific Committee on the
Effects of Atomic Radiation), low-dose radi-
ation has proved to stimulate antioxidant pro-
duction. When antioxidants are increased, he
said, “we wind up with fewer mutations per
day, which adds up to less aging per day,
longer life, fewer degenerative diseases that
are associated with these mutations, and less
cancer.” This process has led in the last three
years to the coining of the term “radiation
hormesis,” according to Pollycove, which
means that low-level radiation “stimulates the
organism, stimulates antioxidants that pre-
vent damage to DNA, stimulates enzymatics
that repair damage, and stimulates the im-
mune system.” Although the scientific com-
munity has yet to determine the “why” behind
beneficial stimulation, Pollycove admitted,
what is certain at this time is that “certain
genes are turned on by ionizing radiation.”

In addition to talking about studies where
laboratory mice fought off diseases after re-
ceiving low-dose radiation treatments, Polly-
cove referenced a pair of clinical trials, the

first at Harvard University in the 1970s and
the second conducted in Japan in the early
1990s, that showed how low levels of radia-
tion stimulated immune systems to fight can-
cer. In both trials, non-Hodgkins lymphoma
patients were treated to low doses of radiation
using linear accelerators, in addition to the pa-
tients’ usual treatment of chemotherapy and
local radiation for large tumors. In each case,
over a period of five weeks, each patient was
given a total dose of 150 cGy. During the
treatment, Pollycove said, results showed that
the low-dose treatments stimulated the im-
mune systems of the patients and they experi-
enced no symptomatic side effects.

After four years, the results of each trial
showed that none of the patients had died; af-
ter nine years (results from the Harvard trial
only) more than 80 percent of the patients
were still surviving, versus the normal 60 per-
cent survival rate for patients who receive
only chemotherapy and localized radiation.

Yet, Pollycove wondered, why were these
two clinical trials conducted 20 years apart
when the results of the Harvard trial in the
1970s showed such a distinct improvement in
the patients? “The only explanation I have is
that there was money for research from the
pharmaceutical companies for chemotherapy,
but there wasn’t similar funding for radia-
tion,” he said.

Rockwell related his take on the LNT: An
overwhelming amount of evidence that con-
tradicts it is “not being utilized in the study
of public policy,” he said. Quoting partially
from NCRP 121, which lays out the scientif-
ic case for the LNT, Rockwell read: “‘Few
experimental studies and essentially no hu-
man data can be said to prove or even pro-
vide direct support for the [LNT].’” Yet, he
said, the data that challenge the LNT “are be-
ing ignored.”

An illustration of how LNT contradiction
is being ignored took place in October 1998,
when the NCRP SC-16 report that looks at the
LNT came out in draft form for public com-
ment, Rockwell said. One of the vehicles for
commenting was through an advisory com-
mittee set up by the NRC, through which
Rockwell and other LNT detractors gave com-
ment. Prior to the draft report’s release, the
NRC advisory committee formally expressed
concern to the NCRP that all comments
should be regarded objectively in the report.
Yet when the draft report was released, ac-
cording to Rockwell, none of the LNT de-
tractors’ comments had been taken into ac-
count. “We tried to approach the NCRP to
follow up on that,” he said, “but in response
the project officer made a short but impas-
sioned speech that it would be improper to tell
[NCRP] what to do. Besides, he said that
they’d written a wonderful report and every-
body thought it was just grand.”

But all is far from grand in the debate over
the LNT, according to Rockwell. There have
been other areas in which scientific data are
being suppressed by bodies such as the
NCRP, the BEIR committees, and the Inter-
national Council for Radiation Protection
(ICRP), he said. Rockwell declared that all of
them have ignored or misinterpreted a high-
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dose radiation workers study, a nuclear ship-
yard workers study, and a series of other stud-
ies that have shown that low-level radiation is
either harmless or beneficial.

Not only are data being suppressed, but ev-
idence in support of the LNT has been “inap-
propriately juggled,” Rockwell said. As an ex-
ample, he talked of graphs in support of the
hypothesis that show a curve in which data
points come down into the beneficial area for
certain low doses and then go back up into the
harmful area as dose is increased. “What
they’ve done in a couple cases is to take the
data—such as the nuclear shipyard workers
study, because most of your data are in the
low levels—and since they don’t like to see
the points drop below the line [into the bene-
ficial area], they take all the data from zero to
50 rad [cGy] and call it a single point and
squeeze it above the curve [into the harmful
area],” he said. Rockwell called this misrep-
resention of data “not proper, and when it
changes the answer from yes to no, it’s no
longer a trivial matter.”

Supporting Rockwell’s stance is Senator
Domenici, who has expressed belief that data
are being improperly examined, according to
Rockwell. He said that Domenici has prompt-
ed an investigation of the LNT in the form of
a 10-year DOE research program. In addition,
Domenici requested that the U.S. Government
Accounting Office study the LNT and evalu-
ate whether it is the proper application of pub-
lic policy. The GAO is expected to release its
report by June 2000.

Other encouragements, according to
Rockwell, include ANS’s recent position
statement on low-level radiation health ef-
fects. Rockwell said that he and others are
trying to get this statement amended to in-
clude the following “key sentences”: 1) “In
presentations to the ANS and to policy-mak-
ing groups, it has been shown that some re-
ports that claim to support the LNT substan-
tially misrepresent the data.” 2) “A large
body of credible, replicable statistically sig-
nificant scientific data exists that directly
contradicts the LNT.” 3) “ICRP, NCRP, and
BEIR reports fail to adequately consider this
evidence.”

The paradigm is the problem, according to
Tschaeche. The paradigm in the minds of the
public is that radiation, in any amount, equals
harm. “The thing that drives the pro-LNT peo-
ple is fear,” he said. “They’re afraid that if
they go away from this idea that they’ve
had—that a little bit of radiation may be harm-
ful—that someday they’ll realize they were
wrong from going away from it in the first
place.”

Before 1968, the United States and the rest
of the world worked to the radiation standards
that existed at the time, Tschaeche said. “I was
at Westinghouse then and we worked to 5 rem
per year,” he said. “There was no ALARA [as
low as reasonably achievable]. ALARA was
a concept that health physicists had, but it
wasn’t a regulatory requirement. And every-
thing was fine.”

What happened in 1968, he said, was that
an analysis was done that concluded that the
effluent levels from one nuclear reactor in the

midwestern United States would kill thousands
of people if its releases resulted in exposures of
170 millirem per year to the general public.
That study, according to Tschaeche, was sim-
ply a hypothesis.

But giving support to the hypothesis were
the radiation data that existed at the time,
which consisted of results from the Japanese
atomic bomb [high-dose] studies. “We didn’t
have any low dose statement,” Tschaeche
said. “So somebody had to come up with the
idea of how to tell what are the effects that low
doses would have on people.” And so the
LNT appeared, he said, although he was un-
sure of exactly when or how it first arrived,
and that perhaps it was just a refinement of
earlier radiation-protection statements. The
only problem, he said, was that the LNT’s
only purpose was to be for the setting of radi-
ation protection standards, and not as a repre-
sentation of reality.

What happened next, according to Tschae-
che, was that antinuclear groups latched on to
the LNT to help orchestrate their cause
through the media. (Tschaeche said he once
wrote a letter to Time magazine complaining
about a reporter’s bias in an article. Time
wrote back, he said, replying that “total ob-
jectivity” in their magazine articles was “not
only impossible to achieve, but undesirable as
well.”) That orchestration has helped lead to
the current belief that “one proton will kill
you. And the public believes it,” Tschaeche
said. The result, he continued, is a public pol-
icy that results in “spending billions to clean
up sites down to background.”

And so while the NCRP and ICRP make
recommendations based on the LNT, it is
governmental agencies and organizations
like the American National Standards Insti-
tute (ANSI), ISO (International Organiza-
tion for Standardization), and International
Atomic Energy Agency that set standards,
he said.

The task, then, is doing something about the
standards. Tschaeche has started a standards
activity in the ISO, and is planning to submit
to ANS a standard on permissible radiation
levels to be put into the ANSI standards sys-
tem. “If we had this standard for dose that is
reasonable that didn’t have the LNT in it,
maybe we could get the government to turn
its head around and go in the right direction,”
he said.

More than 100 years ago, since 1896, sci-
ence was using low levels of radiation to stim-
ulate the immune systems of animals to cure
infections, said James Muckerheide, a nuclear
engineer with the state of Massachusetts
Emergency Management Agency. Yet those
scientists had no knowledge of the molecular
biology and cellular response effects that ex-
ist today. So, with the body of knowledge now
in place and the current investigation into the
LNT, it is only a matter of time before “sci-
ence comes around,” he said.

Muckerheide has been instrumental in lead-
ing the effort to look at LNT feasibility. He
first pulled data together in 1993–1994 during
an assignment for the governor of Massachu-
setts. Later in 1994, he initiated the first ses-
sion at an ANS meeting on the subject.

Muckerheide provided an overview of
some of the activities taking place in the in-
vestigation of the LNT. In 1997 the Wing-
spread Conference was held, consisting of
about 50 leaders and representatives from
many national and international radiation pro-
tection institutions, including the ICRP,
NCRP, NRC, and U.S. Environmental Pro-
tection Agency. The attendees at that meeting,
according to Muckerheide, acknowledged that
no data exist that support adverse health ef-
fects below at least 10 cGy (10 rem) and that
hundreds of billions of dollars in environ-
mental cleanup costs were producing no pub-
lic health benefits. (A follow-up meeting to
Wingspread was scheduled for December
1–5, 1999.)

Coming out of the 1997 Wingspread meet-
ing, Muckerheide said, there should have been
a new initiative in recognition of the ac-
knowledgement, according to the recommen-
dations of that conference. But that new ini-
tiative never occurred, he said, which was part
of the reason why Senator Domenici procured
funding for DOE research and requested work
on the upcoming GAO report.

Another meeting, this one of the Interna-
tional Radiation Protection Association
scheduled for May in Hiroshima, Japan,
Muckerheide said, will possibly have a paper
submitted by Roger Clark, head of the ICRP.
According to Muckerheide, Clark will pro-
pose that the LNT threshold be lowered from
10 millirem to 3 millirem, which, Muckerhei-
de noted, will still have the effect of saying
“that very low levels of radiation can kill you,
but at some level we’ll just decide that it’s not
worth chasing anymore.”

Besides saving billions of dollars on un-
necessary cleanup of sites, retiring the LNT
could also result in enhancing the appeal of
nuclear energy, Muckerheide said. “At a ba-
sic pressurized water reactor plant,” he said,
“30 percent of the investment in the plant is
to generate power and 70 percent is to pro-
vide safety. Certainly you’d expect to pro-
tect the core as an intrinsic part of safety.
But if you use risk-informed decision-mak-
ing so that you don’t try to prevent every ra-
dioisotope from leaving containment but
stay within reasonable bounds of assured
safety, there are many things that can be
done to bring nuclear [power] to a more
cost-effective level.”

Nuclear medicine could also benefit, he
said. “The costs in nuclear medicine have
been driven largely by the regulatory burdens
and problems with producing and handling
isotopes and controlling nuclear material,” he
said. Muckerheide related a story about a vis-
it to a Toronto hospital that had its nuclear
medicine department on the 18th floor. Below,
on the 6th floor, were giant tanks able to re-
ceive waste from patients having iodine-131
treatments. “They had these giant tanks to
hold the waste streams for an eight-day half-
life of iodine-131 at a cost of many hundreds
of thousands of dollars,” he said. “At the same
time, there were complaints that there was
contamination in the waste pipes that came
down from the 18th floor to the 6th floor. Now
they’ve got to begin shielding the pipes be-
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cause there’s residual half-life stuff in them.
So there’s an aspect of this that we don’t al-
ways consider in terms of cost.”

Muckerheide also wondered whether the
nuclear industry was taking the right path
when it talks of the protections it has in place
for radiation instead of, in many cases, stress-
ing the low risk levels of certain wastes.
“We’re taking radioactivity that’s simply go-
ing to decay away and be a small fraction of
an environmental concern, and we’re treating
it as though it needs a [high] level of security,”
he said. “We don’t tell people that radiation
at low doses is safe. We tell them it’s safe be-
cause we’ve spent millions of dollars assur-
ing it’s safe by securing it and when trans-
porting it.”

Radiation, Muckerheide concluded, is in-
trinsically part of our background environ-
ment. It is what we grew up in and it is part
of our biological process. “So how a small
amount of radiation that is well within the
natural variations in nature could be intrinsi-
cally harmful is really hard to fathom,” he
said.

Theodore Rockwell worried that the indus-
try will continue being its own worst enemy
in trying to explain that not all radiation is
harmful. “When we talk about the public’s ir-
rational fear of radiation, we create that fear,”
he said. “Ralph Nader or Jane Fonda didn’t
invent the China Syndrome or the LNT.” He
told a story of how the DOE had once issued
a press statement, “out of the clear blue sky,
for no particular reason,” to announce results

of a six-year study on what the effects would
be of transporting shielded weapons radwaste
across the country to Yucca Mountain. “The
punchline was that they were going to kill 23
people by irradiation by subjecting millions
of people with trivial quantities of radiation,”
he said. “It’s like saying that we know that 100
aspirin will kill you, so if we give each person
in the country one aspirin [1/100 of the 100-
aspirin dose], we’re going to kill 2.5 million
people” [1/100 of the 1990 U.S. population of
250 million].

It is that kind of reasoning that ends up be-
ing used against all things nuclear, Rockwell
continued. “I’ve been up against antinuclear
people who open their statements by saying,
‘Using the government’s own methods for
calculating these things, this will lead to so
many cancers,’” he said. A better way of ed-
ucating people has to be found, he added.

Possibly a better way is by getting the med-
ical community involved in promoting radia-
tion’s benefits, a task that won’t be easy, Pol-
lycove conceded. Pollycove’s comment came
after a statement from an audience member
who said that he (the audience member) prob-
ably received more radiation dose from one
angiogram test performed on his heart than he
got from his entire career working at a nuclear
facility. “There was no indication that I was
receiving any radiation whatsoever except that
I was aware of it,” said the audience member.
“So I question if the doctors, in trying to treat
their patients, are being too coy and subtle to
the point where the public is unaware of the

benefits they’re getting from the diagnostic
treatment of nuclear medicine.” Pollycove’s
comment: “You’re right. They run into so
much opposition from antinukes and from the
occasional patients who are frightened to
death [of radiation] that they don’t want to
even bring up the subject.”

Tschaeche added that the reason there is no
support from the medical community is that it
enjoys what basically is an exemption from
radiation protection requirements. “The rea-
son why we don’t have data from medical dis-
closures is because there is no requirement to
calculate the dose,” he said. “That’s one of the
reasons why, in the [planned] U.S. ANSI stan-
dard, we’re going to see if we could put the
requirement to have medical exposures in-
cluded.” Pollycove also implied that the
NCRP and ICRP were looking the other way
in this regard. “They don’t want to touch med-
icine,” he said, “because they say at these dos-
es there’s so little harm compared to good that
they really don’t need to be concerned about
this.”

Muckerheide said that if it weren’t for low-
level waste, nuclear medicine wouldn’t have
a common interest with other nuclear indus-
tries. “But if you really look at radiation ex-
posure [as performed by radiologists], you
have to say that if the LNT were true, radiol-
ogists would be killing more people than any-
body,” he said. “And yet the linkage isn’t
there.”

A final few pieces of support for LNT con-
tradiction are currently in production. The



T H E “E X E C U T I V E O V E R V I E W of
Electric Power Deregulation” session
(the opening plenary of the ANS Top-

ical Meeting on Electric Power Deregulation:
Industry Update) was a follow-up to a first
meeting on the subject that was held at the
1995 ANS Winter Meeting in San Francisco,
where the state of California was poised to
begin restructuring its electric utility indus-
try. Four years later, with California’s work of
restructuring done, a panel of industry exec-
utives offered perspectives on deregulation,
comments on lessons learned, and forecasts
on what the future may hold.

William Campbell, executive vice presi-
dent–nuclear for Duke Engineering Services,
in talking from the experience of implement-
ing the independent system operator (ISO)
concept in California, said that deregulation
didn’t catch the nuclear industry off guard.
“The analogy is that deregulation in the elec-
tric utility business is like a surprise attack by
the Goodyear blimp: You see it coming a long
way off,” he said. The nuclear industry was
ready for that attack because it had leadership
in place 10 years ago that was moving it to-
ward deregulation, he said.

Duke Engineering has been involved in
project management and formation of infra-
structure for the implementation of the ISO
concept in California. While nuclear power
has been treated fairly during the transition,
Campbell said, there remain some significant
issues that affect nuclear plants, especially
grid stability and voltage support.

Giving a “bug’s eye view of deregulation”
as an ISO in California was Dwight Nunn,
vice president of engineering for Southern
California Edison Company. SCE operates the
two-unit San Onofre nuclear power plant, in

San Clemente, Calif.
In the days before re-
structuring in Califor-
nia—prior to April
1998, when deregula-
tion started in the
state—SCE had fore-
cast what it “thought”
the cost of operating
and maintaining a nu-
clear plant would be.
But under restructur-
ing, Nunn said, every

penny of a plant’s costs must be nailed down.

So, he said, there will be increased pressure to
keep the plant on line.

The economics of a plant should never af-
fect its safety, said David Matthews, director
of regulatory improvement programs at the
Nuclear Regulatory Commission’s Office of
Nuclear Reactor Regulation. A policy state-
ment from the NRC has identified specific
safety concerns about deregulation and re-
structuring, such as reductions in manpower,
training costs, O&M, and capital additions;
increased on-line maintenance and fuel burn-
up; and shorter outages.

Because the impact of budgetary reductions
can cut across all plant safety-related pro-
grams, Matthews said, other impacts may oc-
cur. For example, he said, a merchant plant
operator with no assets other than the nuclear
plant could be vulnerable to an extended out-
age if the operator does not have an adequate
financial cushion to pay costs incurred during
the outage.

Matthews concluded that the effects of
deregulation and restructuring on plant oper-
ations will be mixed, but that an efficient and
economical plant will often be a safe one.

Robert McWhinney, president and chief
executive officer of Stone & Webster Man-
agement Consultants, looked at power-plant

values. In the past two
years, he said, various
types of power plants
have been sold in the
United States. The av-
erage price of those
transactions has been
in the range of $350
per kilowatt. In com-
parison, he said, the
cost of building a new
combined-cycle plant
would be in the range

of $600 per kilowatt, while the price on the
table for the nuclear plant transactions ap-
proved by the NRC (Pilgrim and Three Mile
Island-1) is in the range of $50 per kilowatt.
The implication is that nuclear plants will con-
tinue to operate, even in a deregulated market.
“All of these plants are selling into a merchant
market, where the buyer only cares about the
energy, not the source of energy,” McWhin-
ney said.

Roger Fagan, vice president of business de-
velopment in the Americas for ABB/Com-
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first is Radiation Hormesis: The Scientific
Foundation, which will be funded by the
NRC and published in year 2000, according
to Pollycove. The report will evaluate about
500 papers on the subject of the LNT, about
10 percent of which have been termed “ex-
cellent in statistics,” he said. In his research,
he said, he has not been able to find one sta-
tistically significant study that does not
demonstrate radiation hormesis in the low-
dose range—that is, 120 rad. In fact, he said,
“every single one that is statistically signifi-
cant shows a clear beneficial effect, not ‘no
harm,’ but a clear beneficial effect.” The Ra-
diation Hormesis report will be available on
the World Wide Web, he said, which will
make it “hard for the kind of chicanery that’s
been going on” to continue. LNT supporters
will have to “face the actual publication,”
Pollycove said. “That, I think, will be a sig-
nificant step forward” for the contradiction of
the LNT.

Pollycove noted that a second work is being
compiled by the International Center for Low
Dose Research, which is part of the Universi-
ty of Ottawa, Canada. The center is evaluat-
ing radiation papers and fostering current re-
search showing what effects low doses may
have, he said.

Pollycove closed the session by mention-
ing a Canadian fluoroscopy study of 32 000
women in tuberculosis sanitariums that was
conducted between 1930 and 1952. By sheer
coincidence, he said, each woman received
a number of fluoroscopic exams, and each
one was 2/10 rad, which is about the average
dose in the mammogram given today. Re-
sults showed that the women who received
15 rad over two to three years had 34 percent
less death from breast cancer than the women
who were considered the controls, who re-
ceived anywhere from 1 to 9 rad. “The 34
percent reduction was more than two stan-
dard deviations below the controls,” Polly-
cove said.

The results of the study were published
many years later in The New England Jour-
nal of Medicine and it was peer reviewed by
radiation experts. But the authors had pub-
lished the data in tabular form and never
plotted it out, so that their conclusion, ac-
cording to Pollycove, was that “one rad
equaled risk.” The authors, Pollycove said,
“knew that if they plotted it, anybody could
look at it and see [that low doses had benefi-
cial effects].” One of the authors rereleased
the paper in 1996, under the pretense of up-
dating it, Pollycove said. In the preamble, ac-
cording to Pollycove, the author stated that
no low-dose data existed, so that it was nec-
essary to use high doses and extrapolate
down. What the author did, according to Pol-
lycove, was to eliminate the 10–20, 21–30,
and 30–50 rad categories and put them all in
one category, 0–50, and then went up from
there. The author, Pollycove added, is a
member of the BEIR VII committee, and the
paper is one that the committee is going to
use to examine the LNT. The only way the
paper could show linearity, Pollycove con-
cluded, was if some of the data had been
“juggled.”—Rick Michal and Simon Rippon



bustion Engineering, closed the session by re-
viewing Europe’s deregulated energy market

and what the U.S.
power industry might
learn from it.

As in the United
States, Fagan said,
the degree of imple-
mentation of deregu-
lation varied by re-
gion in Europe. Much
of its power industry
is undergoing a tran-
sition from state own-
ership and govern-

ment control to private ownership and open
markets. Yet the changeover has happened

more quickly than expected, he said. The rea-
son is the European Union (EU), which is the
central driving force behind deregulation,
versus the decentralized state-driven imple-
mentation occurring in the United States.
“The EU sets goals for deregulation that the
electricity markets in the member countries
are expected to achieve in the next few
years,” he said.

Each country addresses deregulation in its
own way, although France has resisted
change, he said. The EU plan is rather mod-
est, according to Fagan. The objective is for
30 percent of each country’s market to be
opened to competition by 2000, and then 35
percent by 2003. Already the United King-
dom, Sweden, Norway, and Finland have

opened 100 percent of their electricity mar-
kets to competition, he said. Denmark will be
at 100 percent by 2002, while Germany, the
Netherlands, and Austria are close behind. By
2003, 80 percent of EU countries will be
deregulated, far surpassing the established 35
percent goal. “One thing we can learn from
Europe is that once deregulation starts, it will
go quickly,” he said.

Fagan added that European nuclear power
plants are cost-competitive with coal and gas.
A large part of cost savings in Europe has
come from staff reductions. The full-time
equivalent for personnel is 0.35 per megawatt
for European nuclear plants, Fagan said, and
for U.S. nuclear plants it is 0.64 per mega-
watt.—Rick Michal
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S O M E T H I N G O F A double take was 
experienced upon going from the ANS
President’s Special Session on Fourth

Generation Nuclear Reactors to an accelera-
tor transmutation of waste (ATW) session of
the Topical Meeting on Nuclear Applications
of Accelerator Technology. In both cases, the
speakers were discussing the merits of differ-
ent advanced reactor concepts that look to be
strangely familiar. The only difference in the
ATW case is the addition of accelerators to
drive them with neutrons in a subcritical state
so that they can be used to transmute actinide
wastes from commercial nuclear power
plants.

One impact of this is that in addition to con-
sideration of the different permutations of
coolants, neutron spectra, and fuel cycles as-
sociated with critical reactors, there are also
options for the type of accelerator and the con-
figurations of targets for production of spalla-
tion neutrons. And there are also different
technology options for the separation of the
actinides and maybe other long-lived fission
products that are to be transmuted in the ATW
systems.

Speakers—including Gregory Van Tuyle
and Denis Beller, of Los Alamos National
Laboratory, and Dale Lancaster, of TRW En-
vironmental Safety Systems Inc.—were main-
ly concerned with identifying a reference de-
sign from the various options to form the basis
of a technology development “road map” for
which Congress mandated funds of $4 million
in fiscal year 1999. The reference ATW sys-
tem that is evolving, according to Van Tuyle,
will use a linear accelerator (linac) in prefer-
ence to a cyclotron because of the high pro-
ton beam power required. A fast neutron spec-

trum has been chosen for the subcritical trans-
muter (reactor) for two reasons: first, nearly

all actinides will fis-
sion in a fast spec-
trum, giving maxi-
mum flexibility for the
blend of fuel; and sec-
ond, the fast spectrum
produces many excess
neutrons that can be
used to transmute
long-lived iodine and
technetium isotopes.
In order to achieve a
fast neutron spectrum,

a liquid metal is the preferred coolant. Al-
though there is an extensive international base
of experience with sodium coolant, Van Tuyle
said that liquid lead-bismuth may offer sig-
nificant advantages over sodium as both a
spallation target and as a coolant. The choice
of pyrometallurgical technology for the ac-
tinide separation drives the design toward
metal fuel.

The reference ATW subcritical transmuter
has been sized to develop a thermal power of
840 MWth. This is partly because it will make
the facility a close look-alike to the advanced
liquid-metal cooled reactor concept (known
as PRISM), which was the subject of exten-
sive design effort and cost optimization in the
past. Some alternative systems mentioned
briefly by Lancaster include thermal neutron
spectrum converters, which look rather like
the molten salt reactor concepts of the past,
and a system with coated particle fuel in
spherical graphite elements, which looks like
the recently revived pebble bed high-temper-
ature gas-cooled reactor concept except for

the inclusion of light water or liquid metal as
optional coolants.

The ATW “road map” envisages a reference
plant consisting of eight of the 840-MWth liq-
uid-metal cooled transmuters driven by two
45-MW accelerators and associated chemical
facilities for front end separation of uranium
from spent fuel and back end processing of the
short-lived transmuted waste. During 60 years
of life, this reference ATW plant is intended to
process just over 10 000 te of spent fuel. This
should be seen against the total current inven-
tory of U.S. spent fuel of around 40 000 te,
which is projected to increase to around 86 000
te if all plants run until their licenses expire.

Optimistic nuclear energy scenarios for the
21st century certainly include license renew-
al to extend the operating life of many of the
present LWRs, as well as new advanced re-
actors offering greatly increased fuel burnup,
especially of plutonium. Beller considered
some of the system studies that have been car-
ried out to see what ATW systems might be
needed to deal with the residual long-lived ac-
tinide wastes from some of these long-term
nuclear power scenarios.

The interesting figure is the support ratio—
the number of new reactors that could be sup-
ported by one reference ATW plant. With
continued use of the once-through cycle in
LWRs, the support ratio is seven reactors per
ATW plant; for a denatured thorium-uranium
fuel cycle in LWRs, the ratio is 16; with re-
cycle of MOX fuel in LWRs, it would be 12;
for liquid metal fast breeder reactors it would
be 23, and for the modular high-temperature
gas-cooled reactors, one ATW would support
27 blocks of reactors of 1000 MWe capaci-
ty.—Simon Rippon
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