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Commentary: Overseeing
Nuclear Power in America
Edwin Lyman

T

he articles in this chapter make abundantly clear that Victor
Gilinsky was the kind of leader that the Nuclear Regulatory
Commission (NRC) is in dire need of today. Dr. Gilinsky’s
writings reflect his deep understanding of and commitment to the
NRC’s statutory obligation to protect public health and safety. They
also display a clarity and logic that is rarely found in the voluminous paperwork that the agency disgorges daily on its public document server. Indeed, the NRC seems to depend on an impenetrable
veneer of pseudo-technical catchphrases and tortured prose to conceal the often arbitrary and capricious nature of its decision-making.
It takes a special skill to extract the essential meanings from these
documents and translate them into language ordinary mortals can
understand. By explaining the issues in a straightforward way, Dr.
Gilinsky exposes the unseemly truth — namely, that the NRC all too
often blocks worthwhile safety improvements or, even worse, rolls
back safety requirements, to the benefit of the regulated industry and
the detriment of the US public.
The articles address many of the safety challenges that the NRC
continues to grapple with today as it deals with an aging fleet of
nuclear reactors and their legacy of stranded nuclear waste, while
preparing for a potential onslaught of applications for new reactors
with immature designs far different from those that the agency has
experience regulating.
His article, "A Containment Failure: How American Nuclear Regulators Undercut Power Plant Safety from the Beginning," discusses the
history of the development of nuclear reactor containment requirements and the legacy of the Atomic Energy Commission’s refusal
to impose standards that would help ensure reactor containments do
the job they "originally were supposed to do" — protect the pub-
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lic from the radiation releases resulting from severe core-melt accidents. This troubling story has serious implications for the present
— not only because so many reactors with inferior containments are
still operating and may do so for many decades to come, but also
because the NRC is contemplating changes to its rules that would
weaken containment requirements even further for so-called "advanced" reactors and small modular reactors. Doubling down on the
old AEC’s dubious justification for allowing weak containments,
the NRC will allow new reactors to have "functional" containments
— that is, potentially no real containment at all — if license applicants can show, using paper studies, that conventional containment
buildings would not be necessary to protect the public. Compounding the danger, the agency is also considering a rule that would relieve reactor owners of the current requirement to maintain 10-mile
off-site emergency planning zones, based on the very same studies.
These analyses, known as probabilistic risk assessments (PRAs), are
highly complex and have large uncertainties. If PRAs for speculative new reactor designs fail to identify significant events that could
lead to a severe accident, as they most likely will, the United States
would be at undue risk of a reactor meltdown without any effective
means of either controlling radioactive releases or swiftly getting
people downwind out of harm’s way. This methodology also ignores
the potential for terrorist attacks that could cause damage as severe
as the worst accidents — a scenario that PRAs do not model at all.
The article, "When 10,000 Square Miles of Contamination Is an Acceptable Risk: The NRC’s Faulty Concept," highlights how the NRC
continues to turn a blind eye to the dangers posed by densely packed
spent fuel storage pools at nuclear reactors, even after the spent fuel
pool at Fukushima Daiichi Unit 4 came perilously close to overheating and catching fire during the 2011 disaster, an event that could
have triggered the evacuation of Tokyo. Both the likelihood and
consequences of spent fuel pool fires would be greatly reduced if
reactor owners transferred all spent fuel assemblies that have been
out of a reactor more than five years to dry storage casks—a common-sense, passive safety measure that owners refuse to undertake
on their own even though the cost would be modest. Dr. Gilinsky
details how the NRC rejected a proposal to require expedited trans-
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fer of spent fuel from pools to dry storage by misusing the "backfit
rule" — a 1980s-era regulation that allows the agency to impose
safety requirements that go beyond the "adequate protection" standard only if they would yield substantial safety enhancements and
benefits that outweighed their implementation costs. In recent years,
the NRC has gamed the analyses underlying these determinations to
make it all but impossible for the agency to impose backfits, and has
cautioned its staff to exercise "discipline" in the process, as if a desire to increase nuclear safety actually represented a character flaw.
"Limited Appearance Statement of Dr. Victor Gilinsky," and "Preventing the Next Nuclear Meltdown," address another clear and present danger: the fact that nearly all nuclear reactors operating today
are susceptible to more severe natural hazards than they were designed and built to withstand decades ago. After the Fukushima Daiichi disaster, the NRC required US plant owners to re-evaluate the
flooding and seismic risks at their sites, using updated information
and analytical methods. The studies found that 96 percent of plants
faced flooding hazards greater than those assumed in their licensing bases, and many plants had unacceptable seismic risks as well.
However, instead of doing the logical thing and requiring that those
plants harden their defenses against the greater floodwater heights
and more damaging earthquakes, a majority of NRC commissioners
voted in 2019 that such upgrades were not necessary for adequate
protection and therefore any proposed new requirements would be
subject to the backfit rule. Ultimately, given the very high bar for
justifying backfits, the NRC did not require any plant to increase its
level of protection. While some owners made plant modifications
on a voluntary basis, the NRC does not have enforcement authority
over such measures. The result: weaker regulatory oversight.
A cross-cutting theme of all the articles in the chapter is the critical
importance of having a nuclear safety regulator that is fully independent of the industry. Dr. Gilinsky recalls the dark days when the
Atomic Energy regulatory division where he worked was marginalized by the division devoted to reactor development and promotion.
He also discusses how the AEC allowed nuclear plant developers
and owners to write their own regulatory requirements. Unfortu-
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nately, this conflict-of-interest problem was not solved when the
AEC was abolished in 1974 and its promotional and regulatory functions were divided among two new agencies. Although in the early
days, safety-focused commissioners such as Dr. Gilinsky and Peter
Bradford made decisions that helped to demonstrate the NRC’s independence, over time the agency began to regard the industry it
regulates as an equal, considering plant owners "stakeholders" or
even "customers." This author has heard directly from senior NRC
staff and personally witnessed how pervasive the influence of the
industry and its chief lobbying shop, the Nuclear Energy Institute,
has become at the agency in recent years. To restore the NRC’s integrity and strengthen the effectiveness of its oversight, the Biden
administration and Congress need to work together to appoint and
confirm knowledgeable, thoughtful commissioners who will strive
to follow Dr. Gilinsky’s example and once again make public health
and safety a priority.
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Commentary: Overseeing
Nuclear Power in America
Peter Bradford

V

ictor Gilinsky’s involvement with nuclear regulation spans
most of the U.S. civilian nuclear power era, though his term
as a regulator ended in 1984. To compare the clarity of his
insight in these pages with the muddled U.S. nuclear energy policy is to realize that the U.S. nuclear industry as well as the public
would have been better off had he stayed in the government, a result the industry has worked devotedly to avoid. Nuclear delusions
less indulged, we might have wasted far less money and credibility.
We could hardly have built fewer reactors, for none started after he
became an NRC Commissioner in 1975 was ever completed. More
than 200 were canceled or closed.
When Victor started at the Atomic Energy Commission in the early
1970s, the official forecast of operating reactors for the year 2000
was 1,000, including breeder reactors and reprocessing plants built
in "nuclear parks" of a dozen units or more. At least half a dozen
waste disposal sites would have been needed as well. Most of the
120 units actually completed had large cost overruns and have required continuous subsidy. No breeders, reprocessing plants, waste
sites, or nuclear parks were built. The money wasted on excess costs
and canceled plants must by now approach $500 billion.
One thousand reactors by 2000 would have required the issuance of
a license per week for every week of that 28-year span. Most of the
necessary plant types had never been built. Some had not even been
designed. Operating experience was negligible. As Victor remarked
later, "Nuclear power requires obedience".
President Ford named Victor to the Nuclear Regulatory Commission (NRC) upon its creation in 1975. He and I were colleagues
on the NRC from August 1977 until I left in March 1982, a span
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that included the March 1979 accident at Three Mile Island. More
than anyone else I’ve ever worked with, Victor could see around
regulatory and policy corners, spotting lessons and implications that
eluded everyone else.
This talent is not universally admired in regulatory worlds, which
too often devote their energy to extracting from disappointments the
lessons most favorable to the perpetrators. Thus, for example, one
official "lesson" of Three Mile Island was that the five NRC commissioners should be replaced by a single administrator so that the
NRC could make faster decisions enhancing safety. Of course, the
real problem was that the NRC was making too few such decisions
at any pace. The recommendation’s real purpose was to be rid of
skeptical commissioners like Victor.
So woven are broken expectations and wasted money into the fabric
of today’s industry that they are rarely even acknowledged in Congressional debates over future shortcuts and subsidies. Victor lays
out aspects of each one in ways that show how industry depends on
these shortcuts and subsidies, even as they mock nuclear power’s
claim that other technologies enjoy greater government support.
Thus, his account of Yucca Mountain’s drip shields shows that the
government’s $70 billion dollar (and counting) nuclear waste commitment, which is unlike any support extended to any other industry, is based on deceit and on regulatory lacunae. No wonder Yucca
Mountain is all but dead even as the U.S. government commitment
to take the waste – for which it has no home – is extended to any
new reactor that can get a license.
Thus, the 1957 Price Anderson Act, enacted as a "temporary" answer to the unwillingness of investors to bear the economic risk of
nuclear accidents, limits individual power plant liability for any US
accident to $450 million (and total industry liability to some $13 billion) even as Japanese Fukushima costs approach $200 billion. Tokyo Electric Power Company, the plant owner, is dependent for its
continued existence on its status as a pipeline for government funding to pay these accident costs from taxpayer funds, except to the
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extent that the government chooses not to pay them, to leave them
on the accident’s victims. More than sixty years on, this "temporary"
Price Anderson limit is set to be lowered for new and assertedly
far safer US reactors if any are built. Victor notes industry insistence that it cannot operate without Price Anderson as proof that it
"does not believe the NRC safety conclusions that the risk of a catastrophic nuclear accident is infinitesimal." Furthermore, Congress’s
ongoing acquiescence eliminates a powerful incentive that all other
industries face to build truly safe plants or to rely on sources that do
not require such outlandish "protections."
Thus, his wonderfully clear explication of the 2002 near accident
at the Davis Besse plant near Toledo shows a power plant owner
bringing political pressure to delay a safety-prompted shutdown to
increase profits. During the delay, the reactor pressure vessel head,
for which no proven back-up safety system exists, rusted away, undetected by plant operators or by the NRC. Now, fifteen years later,
it comes as no surprise to find the same plant implicated in an epic
Ohio bribery scandal that is part of a multistate cattle drive for subsidies from state governments for uneconomic reactors.
Thus, his first person and surprisingly entertaining account of the
Three Mile Island accident illuminates the consequences of regulators refusing to believe that a major accident can occur, a theme
common to TMI, Chernobyl, and Fukushima. Victor’s vignette of
NRC’s onsite chief Harold Denton’s daily conversations with President Carter recalls how Harold’s calm, sincere North Carolina presence came when it was needed, reassuring a frazzled region as nothing else did. Notes of those presidential conversations must reside
somewhere in the Carter archives. Until someone writes them up,
at least we have that wonderful "You know Vic, it’s funny. Every
day I tell the President everything I’m doing and he never tells me
anything about what he’s doing."
Victor doesn’t mention the insight that he shared with me a few
months after the accident, "What Wall Street learned from TMI was
that a team of fully licensed nuclear plant operators could turn a $2
billion asset into a $1 billion cleanup job in 90 minutes." In 2005, at
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the beginning of what was wrongly predicted to be a "nuclear renaissance," I repeated this to a New York Times reporter who featured
it. Many of the smartest things I’ve said were lifted from personal
conversation with Victor. In essence, I’ve been sitting for decades
at the right elbow of the smartest kid in the class, a lefty who never
bothered to shield his tests in the era when we took them by hand.
Finally, on the terrain where two existential threats overlap, Victor
warns against heeding climate-driven calls for a nuclear renaissance
unconstrained by attention to the overlap between nuclear power
programs and nuclear weapons. For many years, the nuclear power
industry denied that such a connection existed, despite meticulous
explanations from Victor and others laying it out. More recently a
new analytical strain has emerged, celebrating the connection and
proclaiming the need for more reactors, especially small ones, to
support military programs.
This seems a good place to set forth a parable from my Gilinsky
files. In 1974, India detonated a nuclear explosion using plutonium
made using a Canadian reactor and heavy water supplied by the
United States. Congress then passed a law requiring, among other
things, that the NRC find that International Atomic Energy Agency
safeguards be applied to all U.S. exports of nuclear fuel and reactors. This requirement had an 18-month grace period before taking
effect. The nuclear bureaucracies in the State Department and the
Department of Energy, ever eager to posture the US as a "reliable
supplier," sought to have the NRC approve one last fuel export before India’s refusal to allow IAEA safeguards required a cutoff.
Victor urged that the grace period not be stretched to apply to fuel
that would not even reach India until after it had ended. I agreed
with him. Since there happened to be only four NRC commissioners at that time, the necessary finding could not be made. The law
provided for a presidential approval in the absence of one from the
NRC if policy considerations outweighed the absence of assurance
as to IAEA safeguards. President Carter made such a finding, so the
fuel was shipped.
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But the forces within State and DOE that had wanted the NRC to
overlook technical reality to bless the shipment without involving the president were not satisfied. Victor’s insightful articles and
speeches on the overlap between nuclear commerce and the proliferation of nuclear weapons had been a thorn in their side for several
years. They wanted him gone when his term expired a year later, in
June 1979.
Throughout the winter of 1979, pressure on President Carter not to
reappoint him grew. The top nuclear officials in the State and Energy
Departments had strongly advised against reappointment, arguing
that Victor was too much a "purist" in his thinking about nonproliferation policy and too independent to be a team player when it came
to averting his gaze from the shortcomings of the Indian fuel export.
Never having voted to deny a plant license or to shut one down,
Victor remarked wryly that he was guilty of the sin that the Soviets
called "insufficient enthusiasm."
As cherry blossoms bloomed in early spring 1979, I was told repeatedly by friends in the White House that an unfavorable decision
would be announced any day, to allow time to screen and nominate a
replacement. Then, on the morning of March 28, the NRC received
notification of an unusual event unfolding at a newly licensed reactor on Three Mile Island, a few miles from the capital of Pennsylvania. For the next year or two public expectations of purism and
independence actually counted heavily in nuclear regulation. The
reappointment sailed through.
Just a story of the rare industry/bureaucracy alliance that is somehow foiled? Well, the three officials at State and DOE who fought
hardest to prevent Victor’s reappointment suffered no ill effects. Top
ambassadorships, cabinet rank, and the upper echelons of academia
came their way. Victor served five more years on the NRC, but that
was his last appointment. A succession of compliant and industryvetted commissioners warmed his chair from 1984 on. Within the
nuclear industry, CEO’s who wasted tens of billions of dollars and
bankrupted large companies have fluttered gently to earth on parachutes worth multiples of what an NRC commissioner made in all
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those years put together.
The insights in these articles are valuable but consider also the fact
that the person who sees and writes so clearly and wisely has been
systematically walled out of US governmental nuclear policymaking for the last 37 years.
As the U.S. version of the "nuclear renaissance" enters its third decade, a period during which the nuclear industry has been given
every government support that it asked for and has spent more than
$50 billion, the renaissance has not completed a single new reactor.
It has therefore not avoided a molecule of carbon emissions. Whether state and federal governments pour more money into the nuclear
oubliette or not, the industry’s future is not a happy one for the rest
of us. More purism along the way could have made a big difference.
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Commentary: Overseeing
Nuclear Power in America
Brian Michael Jenkins
The two of us stood just outside the fence surrounding a small dimly
lit industrial complex. It was the middle of the night and we were
somewhere in Eastern Tennessee. The only sound was the hoot of
an owl. Not another soul was in sight. Victor Gilinsky asked me
if I could scale the fence. It didn’t look too difficult, I responded,
waiting for the command to try it. To my relief, we decided instead
to approach what appeared to be the front gate where we roused the
watchman who was curious about our purpose but did not appear to
be worried or suspicious about the two strangers who popped out of
the forest.
This was in the 1970s, nearly 25 years before 9/11. Security was
more casual then. Today, one imagines contingents of scowling,
heavily armed, black-garbed, armor-vested paramilitaries who
would have surrounded us the minute we pulled our rental car off
the road. Still—even then—it seemed to me unimpressive. This was
moonshine country. Stills were better guarded. And we were the
equivalent of revenooers.
The first responder to arrive on the scene was the company’s lawyer. Victor introduced himself as member of the Nuclear Regulatory
Commission, in fact, one of the five commissioners—a very big gun
from Washington—and we wanted to tour the facility. Yes, in the
middle of the night. The tour confirmed what Victor had suspected.
Security was inadequate. As we looked at the storage facilities, the
guard quipped that “If this stuff were gold, you’d guard it like hell.”
But it was only highly enriched uranium, the stuff nuclear bombs
are made of.
Our trip had been arranged in secret. Not even Victor’s staff at the
NRC knew exactly where Victor was. Fearing that somebody at
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NRC headquarters might tip off the companies on our list that an
NRC commissioner was planning a surprise inspection, Victor arranged his own flights. I flew in from California to accompany Victor, observing security at each location, conjuring scenarios of how
criminals or terrorists might penetrate the facility. The trip did not
end after looking at the first site. We drove on through the night to
hit other facilities before word spread that a rogue commissioner
was on a mission.
Until 1974, U.S. facilities involved in the nuclear weapons program
were initially under the jurisdiction of the Atomic Energy Commission. The AEC was succeeded by the Energy Research and Development Administration (ERDA) and the Nuclear Regulatory Commission. ERDA, and after 1977 the U.S. Department of Energy, retained
control of weapons production while the NRC had regulatory control over the civilian nuclear industry. However, the NRC also had
jurisdiction over plants manufacturing fuel for the U.S. Navy’s reactors. These were smaller reactors aboard warships that used highly
enriched uranium (HEU). Victor was suspicious that the naval fuel
manufacturing facilities had escaped regulatory scrutiny owing to
pressure to rapidly nuclearize the nation’s submarine fleet and the
navy’s extraordinary political clout. The personal tour helped confirm that security at the facilities was in dire need of improvement.
It became a mission.
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"Heard About the
Near-Accident at the Ohio
Nuclear Plant? I’m Not
Surprised"591
Victor Gilinsky
The Washington Post
April 28, 2002

Y

ou wouldn’t know it from the bland pronouncements of the
Nuclear Regulatory Commission (NRC), but the U.S. nuclear industry just had its closest brush with disaster since
the 1979 Three Mile Island accident. The Davis-Besse nuclear power plant, located about 30 miles east of Toledo, Ohio, was operating
with a rust hole in the top of its reactor pressure vessel -- a hole wide
and deep enough to put your fist into. All that was left to contain
the reactor’s highly pressurized supply of cooling water around the
reactor core was a three-eighths inch liner of stainless steel, and the
liner had started to bulge ominously. If the liner had burst, it would
have drained cooling water vital for safety and also threatened the
reactor’s emergency shutdown system.
The plant operator’s neglect is bad enough. If this had occurred in
Russia, we would be saying it could never happen here. Equally
disturbing is the NRC’s barely audible response.
The preliminary report of FirstEnergy, the nuclear plant owner, details what happened. During a routine refueling shutdown in February, the company inspected several dozen nozzles to check for

591. This "Heard About the Near-Accident at the Ohio Nuclear Plant? I'm Not
Surprised" by Victor Gilinsky was first published in The Washington Post on
April 28, 2002.
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cracks, as required by the NRC. The nozzles, located on the head
of the reactor vessel, permit control rods to enter the vessel to shut
down the reactor, quickly if necessary. A workman discovered the
rust hole by luck -- when he happened to bang into one of the control rod tubes coming out of the top of the reactor and it moved. If
the reactor had gone back into operation, as it very nearly did, the
consequences could have been enormous in terms of public safety
as well as the future of the nuclear industry.
It turned out that corrosion had reduced 70 pounds of steel, half a
foot thick, to rust. The corrosion was caused by boric acid on the
outside of the head. How did the acid get there? The water inside the
reactor vessel contains dissolved boric acid, which is used to assist
reactor control. Because boric acid corrodes carbon steel, the reactor vessel’s interior is lined with stainless steel. The boric acid is not
supposed to get to the vessel’s exterior, which remains vulnerable
to corrosion. But at Davis-Besse the reactor’s water leaked through
cracks -- it still isn’t clear which ones -- and created a boric acid
crust on the outside of the reactor head.
This accumulation and damage doesn’t happen overnight. The company report explains the hole hadn’t been found earlier because,
"Boric acid that accumulated on the top of the [Reactor Pressure
Vessel] head over a period of years inhibited the station’s ability to
confirm visually that neither nozzle leakage nor vessel corrosion was
occurring." In plain English that means that the company watched
the boric acid crust cover an increasing area of the head for years
and did nothing about it. That’s not all. Some of the reactor vessel
rust became airborne and clogged the reactor building’s air filters.
The filters had previously been changed monthly, but from 1999 on
they had to be changed every other day. The company’s report says
the possibility of corrosion "was not recognized as a safety significant issue by the staff and management of the plant." Obviously the
NRC, which had inspectors on site, did not recognize it either.
How important is this? The reactor vessel head resembles a rounded
lid that is bolted to the vessel. It’s about 15 feet in diameter. The
reactor vessel and the vessel head are designed and manufactured
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with exquisite care from special steel a half-foot thick (with the thin
liner of stainless steel). The vessel and head of every reactor have
to be monitored throughout their life to make sure that radiation
has not caused the metal to become brittle. This is vital because the
NRC licensed the plant on the assumption that a break in the reactor
vessel is not credible. As a result, the reactor’s safety analysis does
not deal with breaks in the vessel wall. The reactor’s emergency
actions operators are trained to cope with breaks in pipes, not the
vessel. Some safety systems might work for such a break; then again
they might not. The problem was not studied. There would likely be
unforeseen complications.
An obvious complication would involve malfunctioning of the
control rod system that is supposed to stop the chain reaction in an
emergency. There is no backup to the control rods for immediate
shutdown. The plant’s safety analysis considers the possibility that a
limited number of rods, out of several dozen, could fail to drop. The
control rod adjacent to the rust hole would have been one of these.
But what about the damage that might be caused to other control rod
drives above the head if a hole in the vessel unleashed a jet of steam
and water coming out of the pressurized vessel? A telling sign that
the industry understands the seriousness of the Davis-Besse problem is the silence from the Nuclear Energy Institute, the industry’s
lobbying arm, which is usually quick to spin a nuclear story. All in
all, what happened at Davis-Besse was a narrow escape.
But that isn’t the way the NRC has described it in public. The agency’s spokesperson told the media that the rust hole didn’t pose a
safety threat. If the last bit of metal had failed and "allowed steam to
escape," the NRC official said, safety systems would have immediately cooled the reactor. Anyway, he said, there would have been no
danger to the public. "It’s only when you get into the what-ifs that
you would have had any leakage from the reactor cooling system."
The man was talking through his hat. In reality, the NRC doesn’t
know what would have happened because the possibility has been
considered too unlikely to plan for.
The failure to face up to reality reflects an unhealthy situation. Such
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spokesmen say what their bosses want them to say, and for several
years, the NRC has been knocking itself out to please the industry.
The situation worsened in 1998 when the NRC’s Senate oversight
committee, Environment and Public Works, with strong prompting from the industry association, threatened the NRC with a sharp
budget cut. The NRC chairman got the message and revamped the
agency’s regulatory approach along the lines suggested by the industry. The current commission has by and large continued the same
approach, but with a less experienced senior staff. The previous
chairman had forced the resignation of the agency’s most experienced and competent top officials, who had showed an unwelcome
independence of mind.
Just before Davis-Besse’s problem surfaced, the NRC gave the plant
its quarterly rating under the new rating system. Davis-Besse got the
top grade in all 18 categories. From my experience in two terms as
an NRC commissioner, during which I visited most of the plants,
including this one, I find it inconceivable that everything was fine at
Davis-Besse except for one corrosion hole in the reactor vessel. If
the plant managers let this problem go, they must have let others go,
too. People working in nuclear plants are pretty smart and generally
want to do a good job. But they stop asking questions about things
that aren’t right when they know what answer management is going
to give them. At that point, danger lurks.
The NRC has investigated and has now asked other plants to check
to make sure they are not suffering from the Davis-Besse problem,
but on an unhurried schedule. To a greater extent than ever before
we are relying for nuclear safety on the self-regulation of the nuclear
operators. Most of them have done a good job, steadily improving
their performance. But there are limits to the idea put forward by the
industry that post-deregulation financial pressures make for better
safety because the operators want to protect their investment. As we
know, short-term bottom line orientation also leads some to overreaching, defer necessary modifications or neglect maintenance.
Congress and NRC management need to acknowledge that private
and public incentives differ.
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The late Morris Udall, who as chairman of the House Interior Committee was the principal congressional overseer of the NRC in its
early years, used to say that a forceful and respected NRC was an
essential condition of nuclear power. It is still true.
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"A call to resist the nuclear
revival"
Victor Gilinsky
Bulletin of the Atomic Scientists
January 27, 2009

W

hen formulating its nuclear energy policy, the new Obama
administration will have to face the reality that advances
in technology, combined with politics and ideology, have
made it much harder to prevent nuclear energy use from contributing to the spread of the Bomb. To avoid a future Hobbesian nuclear
jungle, the United States and other world governments will need to
agree on tougher nuclear controls.
When formulating its nuclear energy policy, the new Obama administration will have to face the reality that advances in technology, combined with politics and ideology, have made it much harder
to prevent nuclear energy use from contributing to the spread of
the Bomb. To avoid a future Hobbesian nuclear jungle, the United
States and other world governments will need to agree on tougher
nuclear controls.
The 1946 Acheson-Lilienthal Report–the basis for the U.S. proposal
to the United Nations on international control of atomic energy–stated the problem clearly: "A system of inspection superimposed on an
otherwise uncontrolled exploitation of atomic energy by national
governments will not be an adequate safeguard. . . If nations or their
citizens carry on intrinsically dangerous [nuclear] activities it seems
to us that the chances for safeguarding the future are hopeless."
Yet only a few years later, eager to exploit the political and economic potential of its nuclear technology, the United States and other
countries adopted that very approach.
The notion that occasional inspection was an adequate deterrent
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against nuclear wrongdoing was then enshrined in the Nuclear NonProliferation Treaty (NPT). As an inducement for states to agree not
to make bombs and to accept inspection by the International Atomic
Energy Agency (IAEA), the NPT acknowledged their "inalienable"
right to all "peaceful" nuclear technology, which effectively meant
the uncontrolled exploitation of nuclear energy that the 1946 report
warned about.
The stubborn and central fact is that plutonium and highly enriched
uranium can be used in bombs more quickly than inspectors can
function and other countries can respond to thwart bomb making. So
where these materials are available, there aren’t reliable safeguards
to back up "peaceful use" promises. Unfortunately, the diplomats
who clustered around the NPT brushed aside questions about the
effectiveness of safeguards in their drive to increase NPT membership. Meanwhile, political leaders, even highly intelligent ones, had
only the vaguest grasp of the technical issues at hand. That’s still
mostly true, so while the Acheson-Lilienthal Report’s conclusions
are now more relevant than ever, the basis of the "NPT regime" remains fundamentally the same.
There were attempts after the NPT went into force to more closely
adhere its application to its original purpose, most notably after the
1974 Indian nuclear explosion jolted the nuclear exporters’ confidence in recipients’ "peaceful use" pledges. India had spurned the
NPT, but it had promised to use a Canadian-supplied reactor and the
reactor’s U.S.-supplied heavy water only for peaceful uses. When
challenged, India replied with a straight face that its Bomb was
peaceful.
In response, the major exporting countries formed what became the
Nuclear Suppliers Group (NSG), and agreed later that year on additional controls beyond the NPT. The main concern then was that
imported reprocessing plants would give countries access to plutonium for bombs.
In 1976, President Gerald Ford announced that the United States
wouldn’t support reprocessing until "the world community can ef-
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fectively overcome the associated risks of proliferation." He added:
"Avoidance of proliferation must take precedence over economic
interests." The nuclear industry and the U.S. nuclear bureaucracy
bitterly opposed Ford’s policy even though the reprocessing restriction actually saved money and thus offered a practical way to keep
nuclear energy use from spilling over into bomb making. Two years
later, under the Carter administration, Washington tightened its export laws to require full-scope IAEA inspection of recipients.
The Bush administration, with Democratic congressional support,
drove a truck through all these measures to bolster the NPT. The
prime example: The U.S.-India agreement, approved by Congress
last October, waived U.S. export restrictions on India, which has
fought the NPT regime for 40 years. A related U.S.-sponsored NSG
decision gave India a waiver allowing access to the international nuclear trade–and specifically uranium fuel that India lacks– without
submitting to the NPT’s inspection requirements. The irony wasn’t
lost on the Indian government that it had succeeded–without giving
up anything in its drive for more bombs–in steamrolling the very
criteria that were put in place in response to its initial pursuit of the
Bomb. The agreement is in my view a violation of the NPT’s Article
I prohibition on assisting another state’s bomb making.
To complete the rout of 30 years of U.S. anti-proliferation policy,
President George W. Bush stated in New Delhi, "I don’t see how
you can advocate nuclear power . . . without advocating [for] technological development of reprocessing." The nuclear bureaucracies,
the national laboratories, and the reprocessors who had never given
up trying to reverse the Ford-Carter bans found a receptive audience
in Bush. He approved a futuristic reprocessing and recycle program,
the Global Nuclear Energy Partnership (GNEP), to "solve" the waste
problem and thereby, in the former administration’s view, open the
door to greatly expanded nuclear use.
GNEP also includes a sop to anti-proliferation–an international fuelleasing and fuel-assurance proposal as a way of inducing most countries to avoid acquiring their own fuel-cycle plants. GNEP’s exotic
reprocessing and recycle technology isn’t going anywhere. (It hasn’t
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even gotten out of the lab and would be horrendously expensive if
it ever did. In any case, it would actually complicate waste management for hundreds of years by increasing the number of waste
streams.)
In the meantime, however, the international ballyhooing of GNEP’s
fuel leasing schemes by the Energy and State departments has
been encouraging national fuel-cycle plants. Countries fear a new
division of states into suppliers and consumers is in the offing and
don’t want to be caught on the wrong side. As for fuel assurances,
this is a solution in search of a problem, as existing commercial
contracts provide adequate assurances. The only country to suffer
even a momentary pause in uranium fuel shipments pursuant to a
contract was India after it exploded a Bomb and refused to accept
IAEA inspections as required by the 1978 U.S. export law.
In any case, the diversion problem doesn’t just concern commercial fuel facilities. The general advance of technology has allowed
for the spread of centrifuge manufacturing capabilities, making it
easier for states to get into enrichment. (A lesson taught to us by
A. Q. Khan.) The centrifuge process differs from its predecessor–
gaseous diffusion–in that it allows small-scale enrichment operation
and uses little power. Reprocessing always lent itself to small-scale
operation. And small, clandestine centrifuge enrichment or reprocessing plants are difficult to find.
The essential point is that a facility that is very small in commercial
terms can be very large in military terms. It could boost the enrichment of the fresh fuel intended for a light water reactor, or reprocess
the reactor’s spent fuel, to provide militarily significant quantities
of nuclear explosives in short order. This would involve cheating,
but some NPT member states (Iraq and North Korea, for sure) have
already cheated. In short, the conventional wisdom that light water
reactors aren’t a problem without the presence of commercial-scale
enrichment facilities or reprocessing facilities is wrong. The light
water reactor is more "proliferation-resistant" than other reactor
types, but not by much.
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We’re now told that the world is entering a nuclear "renaissance" that
will lead to much greater global use of nuclear energy. The economics don’t favor this–the cost of building new nuclear power plants is
going through the roof, at least in the United States. Therefore, nuclear construction would have to be supported by hefty government
subsidies. The publicly provided rationale for such subsidies is the
need to limit global warming, although it’s difficult to imagine installing enough nuclear power plants to make a dent in the problem.
In any case, for many countries, nuclear power decisions are primarily political. It wouldn’t take many new countries building one
or two reactors each to create serious security worries, especially
as some of those most interested in nuclear power are in turbulent
regions. It should be clear by now that the consequent international
security issues don’t concern the nuclear bureaucracies and the nuclear vendors, who care only about expanding nuclear energy use.
They will walk us off the cliff if we let them.
In addition to the foregoing narrowing of safety margins between
nuclear energy technologies and weapons, there have been unfavorable changes on the weapons side. After a lessening in their importance after the Cold War ended, nuclear weapons are again on
the upswing. The news is full of stories about them: North Korea
won’t give them up; Iran looks as if it wants them; Israel threatens to bomb Iran to stop Tehran from producing them and actually
bombs a secret Syrian reactor presumably intended for weapons; the
United States wants to station anti-ballistic missiles in Poland and
the Czech Republic; in response, Russia tells those countries they
could be nuclear targets; Pakistan’s instability provokes worries
about its nuclear weapons; India seeks a nuclear missile submarine
force; the five recognized weapons states (the United States, Russia,
Britain, France, and China) want to modernize their nuclear forces;
and a just-released report from the Defense Secretary’s Task Force
on Nuclear Weapons Management says U.S. nuclear forces should
stay in Europe because they are "a pillar of NATO unity."
There’s a troubling disconnect between this nuclear shadowboxing
and any awareness of the devastating possibility of nuclear war. Just

Chapter 5

because the weapons are supposed to be for deterrence doesn’t mean
they won’t be used. Doesn’t anyone remember the nuclear fears of
the 1960s? The nuclear world’s self-delusions resemble those of the
pre-meltdown world of finance, which a former treasury secretary
characterized as "too much greed and not enough fear."
One thing is clear: Nuclear weapons make politicians and government officials feel more important, confirming T. S. Elliot’s remark
that most of the troubles in the world come from people wanting to
be important. And some see the entry level as a domestic nuclear
energy program.
The fundamental constraint against effectively protecting against
nuclear energy use leading to bombs is the near-universal assumption that we can afford only so much protection as will allow full exploitation of nuclear energy. In international affairs, nuclear energy
trumps just about everything. Even so-called arms controllers fall
over themselves trying to establish their bona fides by supporting
nuclear energy development and devising painless proposals that
grandfather everything that’s already in place.
Consider the recommendations592 from a September 2008 Bulletin
of the Atomic Scientists’ conference on the future of nuclear energy:
extending loan guarantees to new U.S. plants; providing more support for the IAEA; paying more attention to physical protection of
fissile materials; reducing (but not eliminating!) nuclear weapons;
and "working with the IAEA and ongoing international efforts to explore nondiscriminatory fuel leasing and fuel services approaches."
It’s hard to think of more inoffensive and ineffectual advice.
It’s time to take a more serious view. Security should come first–not
as an afterthought. We should support as much nuclear power as is
consistent with international security; not as much security as the
spread of nuclear power will allow. At a minimum, that means an
end to promoting and subsidizing nuclear power all over the world.
It may mean holding up nuclear energy expansion until, as Ford said
592. See https://thebulletin.org/?p=41296.
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of reprocessing, "The world community can effectively overcome
the associated risks of proliferation," or we have a more secure technology for using it. In the conduct of nuclear energy activities generally, we need a common set of rules all countries can live by and, as
Ford also did with respect to reprocessing in 1976, we need to apply
the same rules to ourselves.
There is more: It’s difficult to see getting international support for
dramatic changes in the way we use nuclear energy unless we extend the notion of common standards to the weapons side and take
seriously the NPT Article VI commitment to reduce the world’s nuclear arsenal to zero. This isn’t the place to argue the proposition of
abolishing nuclear weapons, which obviously raises many questions
beyond the context of nuclear energy. Let me only say that while it
may seem unrealistic to head to zero, it’s also unrealistic to think we
can continue indefinitely on the current path.
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"Behind the Scenes of Three
Mile Island"
Victor Gilinsky
Bulletin of the Atomic Scientists
March 23, 2009

S

hortly after I arrived at the Nuclear Regulatory Commission (NRC)’s headquarters in Washington, D.C., at 9 a.m. on
Wednesday, March 28, 1979, I got a call from the commission’s emergency center in Bethesda, Maryland. The number two
reactor at the Three Mile Island nuclear plant in Pennsylvania had
declared a general emergency. There weren’t supposed to be serious
accidents at nuclear power plants and having to deal with one led
to some, let us say, out-of-the-ordinary, and even absurd, behavior.
Shortly after I arrived at the Nuclear Regulatory Commission
(NRC)’s headquarters in Washington, D.C., at 9 a.m. on Wednesday, March 28, 1979, I got a call from the commission’s emergency
center in Bethesda, Maryland. The number two reactor at the Three
Mile Island nuclear plant in Pennsylvania had declared a general
emergency. There weren’t supposed to be serious accidents at nuclear power plants and having to deal with one led to some, let us say,
out-of-the-ordinary, and even absurd, behavior.
NRC Chairman Joe Hendrie was with his daughter, who was undergoing dental surgery. As the senior commissioner on duty, I
took over the first day and arranged for the Bethesda staff to brief
the commissioners–Peter Bradford, Richard Kennedy, and myself.
The other commissioner, John Ahearne, had gone off on his own
to Bethesda. The lawyers said we had to keep a transcript, as the
meeting was not public. I thought this would interfere with serious
discussion, so I opened the door and pronounced the meeting public.
The experts told us that perhaps about 1 percent of the fuel rods had
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overheated and suffered "pinhole" damage to the long zirconium
tubes that encased the uranium fuel pellets. But, they insisted there
was no chance that the fuel melted. Hendrie endorsed this view the
next morning in congressional testimony. The experts added that the
high radiation readings in the dome of the reactor building probably
reflected instrument problems. Aircraft pilots are instructed to believe their instruments, but I hesitated to argue with the staff. They
could be right, I thought at the time. There were penalties for getting it wrong either way. I wished I’d spent more time understanding power reactors, but it was too late at that point. The incident
response center staff didn’t seem up to dealing with the accident,
but this was no time to change horses. I tried to appear calm and
to support the emergency team. After our briefing, I called Energy
Secretary Jim Schlesinger. He paused and said the political fallout
of the accident would be greater than the physical one.
To jump ahead in my story, it was not until Friday that we realized
the fuel damage might be substantial. It was five weeks later that we
learned that the reactor operators had measured fuel temperatures
near the melting point on that early Wednesday morning. We didn’t
learn for years–until the reactor vessel was physically opened–that
by the time the plant operator called the NRC at about 8 a.m., roughly one-half of the uranium fuel had already melted. In a sense, the
accident was over before we had even heard about it–and it had been
many, many times worse than we envisioned at the time.
Prior to the accident, I imagined that everything speeds up in a crisis.
My experience was the exact opposite, however. My body felt heavy
and everything seemed to move in slow motion. For one thing, after
the first day everyone suffered from a severe lack of sleep. It was
difficult to process the uncertain and often contradictory information. I got lots of useless advice from all sides. No one seemed to
have a reliable grip on what was going on, or what to do. But they
knew each action was loaded with consequences–for themselves,
for the NRC, and for nuclear power.
Outsiders expected me to know technical details I had no idea about,
something that was difficult to confess. Congressmen and senators
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called asking, "Why doesn’t the NRC take over the reactor?" I had
to explain that no one at the NRC was licensed to operate it. In fact,
only two or three NRC staff members had ever operated a power reactor. The commission was a paper-pushing operation that reviewed
license applications. The excuse that the company was supposed to
deal with the accident didn’t wash with the Congress or public.
In Washington everything has a political dimension, and officials
charged with protecting the public often have other things on their
minds. Nowhere is this more so than in the White House.
On Friday, we sent the head of our reactor licensing office, Harold
Denton, to Pennsylvania. Denton’s straight answers on TV, delivered with a soothing North Carolina lilt, had a calming effect. The
White House liked it. Almost immediately President Jimmy Carter
designated Harold his "personal representative" at the accident site,
thus bypassing the NRC chairman.
The White House set up a direct phone link between Harold and
Jimmy Carter. Friends in the White House told me the two spoke
privately every day for as long as 20 minutes, an awfully long time
for a president.
Carter had previously described nuclear power as "a last resort,"
yet behind this façade he was apparently an enthusiast, privately
dismissing the accident’s safety significance and echoing Schlesinger’s concern about the need to protect nuclear energy’s prospects.
Carter’s assistants worried he wasn’t getting a balanced view. They
didn’t trust Joe Hendrie, who had been installed by Schlesinger. In
time I found myself briefing senior White House staff in the Situation Room. They wanted to know about the NRC’s concern (wrongheaded, as it turned out) that a large hydrogen bubble in the reactor
could explode perhaps damaging the containment structure and releasing deadly radioactive material. It was not possible for anyone
to get close enough to manually release a valve and survive the radiation. At the end of the meeting Frank Press, the president’s science
aide, took me aside and suggested, sotto voce, that we send in terminal cancer patients. I looked over at him quickly; he wasn’t kidding.
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The White House staff was nervous and even paranoid about the private Jimmy-Harold conversations. A presidential assistant pressed
me to find out what they talked about. When I reached Harold, he
said they talked mostly about technical details, including things like
how many lead bricks had been stacked that day to shield against
radiation. Harold, who retained a kind of innocence, added, "You
know, Vic, it’s funny. Every day I tell him everything I’m doing, and
he never tells me anything about what he’s doing." I duly reported
this.
On Sunday April 1 the president went up to the site–and got a frontpage picture in almost every paper of him touring the control room
with a plant supervisor (who was later found to have cheated on his
re-qualification test). The White House didn’t bother to tell Chairman Hendrie about the visit, which included a briefing by Harold.
When he heard about it, Hendrie drove up himself, only to be barred
from the briefing. Carter later fired him as chairman, and made
Ahearne "acting chairman" (although there is no such designation
in the law). Ironically, Hendrie got replaced not because the NRC
had dropped the ball on safety, but because in a candid moment he
blurted out in public that a 20-mile evacuation might be necessary,
which annoyed the White House.
When Harold returned to his Bethesda office his direct presidential
line followed him. That someone below them could pick up a phone
and complain directly to the president rankled the NRC’s top bureaucrats. When Harold was away they had the phone unplugged
and returned to the White House. Harold, being an unassuming guy,
hardly noticed.
After Jimmy Carter lost the 1980 election to Ronald Reagan, the
commissioners got an invitation to meet with the president to say
goodbye. Ahearne wouldn’t go because the invitation had been misaddressed to "Chairman Hendrie," Hendrie wouldn’t go because
Carter had fired him, which left Peter Bradford and me. We looked
forward to reminiscing with the president about the accident. On a
bitterly cold January day, bundled up in parkas, we walked the two
blocks to the White House. When we got close, it was obvious we
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had got it wrong–Carter had apparently invited all his political appointees. Most were chauffeured, and as they thought they would
step directly into the West Wing, had come without coats. The entire
top of the government was now shivering on the lawn, as young
White House assistants herded them into groups to enter the building and eventually the Oval Office, each to have a picture taken with
a smiling president and to receive a pair of cufflinks or a pin. Peter
and I got grouped with the Energy Department because the White
House assistants thought the NRC was part of it.
Reagan installed Joe Paladino, a professorial type, as NRC chairman. He tried to apply some of the recommendations of the Kemeny Commission, which had investigated the accident, including
exercising the emergency plan. I attended one exercise involving a
supposed accident in Illinois. Usually, NRC staff played the parts of
state and federal officials, but on rare occasions the officials themselves participated. At one point, the chairman was told the governor was on the line. Paladino rattled off the "reactor’s" temperature
and pressure and hung up, at which point a staffer told him that he
had just hung up on the real Illinois governor. Paladino grimaced.
The next call was from "Mr. Mouse at the White House" (an obvious play on the name of Reagan’s counselor, Ed Meese). As the
governor had been the real governor, Paladino wasn’t about to take
another chance. He could not have been more ingratiating to "Mr.
Mouse." Everyone froze in embarrassment. It was too late for the
lowly staffer at the other end to confess. Neither he nor the chairman
knew how to end the conversation. I had to walk out.
Fortunately for everyone, the NRC hasn’t had to cope with the real
thing again.
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"Preventing the Next Nuclear
Meltdown: The Lessons of the
Fukushima Disaster for U.S.
Nuclear Policy"
Victor Gilinsky
Foreign Affairs
March 21, 2011

B

y now everyone has seen the videos of explosions at Japan’s
crippled Fukushima Daiichi nuclear plant and the aerial photos of what looks like the result of a World War II bombing.
The Fukushima accident has revived the long-dormant issue of nuclear safety, and these indelible images will no doubt accompany all
future debates over nuclear energy. Lately, policy discussions have
focused on expanding the role of nuclear power; they must now shift
to making sure the existing nuclear plants, and especially the older
ones, meet strict contemporary standards.
Of the 13 nuclear reactors along Japan’s coast that were directly
impacted by the earthquake and tsunami, it was the four oldest ones
that failed completely. The more modern units sustained damage but
rode out nature’s onslaught, even if just barely, despite facing forces
far greater than what they were designed to withstand. Postmortems
will likely disclose that the older plants were designed to lower
standards than more recent ones and were not adequately upgraded.
Such findings will raise questions about older reactors elsewhere,
including in the United States.
The operating Fukushima reactors shut down immediately upon
sensing the March 11 earthquake, but radioactive fission products in
the reactors’ uranium fuel continued to generate heat after the shutdown and therefore required continuous cooling. But cooling was
unavailable as the reactors lost all electric power, including from
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backup emergency diesel generators. Without adequate cooling, fuel
temperatures rose to dangerous levels. The zirconium tubing surrounding the fuel reacted with hot steam to produce hydrogen, which
mixed with air and exploded, destroying the surrounding structures.
As the heating continued, at least part of the fuel in the reactors
likely melted and released radioactive material, some of which then
escaped through the breached protective structures and spread into
the surrounding air. The multiple failures of safety systems in the
four reactors at Fukushima went beyond any emergency scenario
the Tokyo Electric Power Company had ever envisioned, forcing it
to improvise solutions, including using fire pumps filled with seawater to cool the reactors.
The disaster at Three Mile Island in 1979 illustrates how quickly
reactor fuel can reach melting temperatures if it is not cooled. There,
half the reactor core melted in the first two hours of the accident. The
melting stopped when an operator turned on emergency cooling,
which had mistakenly been turned off. In fact, the active phase of the
accident was over before regulators in Washington were informed.
(I was the senior commissioner in charge of the Nuclear Regulatory
Commission during the first day of the accident.) Altogether, as bad
as it seemed at the time, the Three Mile Island accident was a far
less serious event than the one at Fukushima. It is significant that
we did not learn the degree of melting until several years later, when
the reactor vessel’s radioactivity had decayed sufficiently to open it.
Similarly, the world will not learn what happened inside the Fukushima reactors for years, assuming things do not get worse.
The storage pools for radioactive spent fuel at Fukushima have also
posed a threat. They contain more dangerous radioactive products
than do the reactor vessels. One drained pool allowed spent fuel to
heat up; similar overheating threatened an adjoining unit, and Japanese officials have been desperately trying – using helicopters, fire
pumps, and even riot police water cannons – to keep the spent fuel
rods under water. It appears that they have finally succeeded in reconnecting a power line to one of the reactors, which will help pump
much-needed cooling water.
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The reason for the frantic efforts to stabilize the reactors and spent
fuel pools is that if the situation were to deteriorate further, molten
and vaporized fuel could release dangerous radioactive fission products such as Cesium-137. If the radioactive materials are deposited
in sufficient concentrations, they could make surrounding areas essentially uninhabitable. That is what happened around Chernobyl in
Ukraine and even in parts of Belarus and Russia that were affected
by the fallout. There, restrictions on use of contaminated land were
not strictly enforced, but in a Western country or Japan, they would
be – at enormous economic cost. U.S. reactors typically store much
more spent fuel than did the Fukushima plants, and a similar disaster
here could therefore be devastating.
In the coming months, it will be necessary to conduct a thorough
investigation involving both Japanese and international experts in
order to help nuclear operators around the world absorb the lessons
more effectively.
The United States should use the occasion to reexamine the safety of
its operating nuclear reactors, especially the older ones. More than
half of the United States’ 104 reactors were licensed more than 30
years ago and constructed under safety codes less demanding than
the ones applied to new reactors today. These older plants have been
upgraded to some extent but not in any systematic manner. Their
seismic analyses, for example, reflect old earthquake data that underestimated the degree of earth motion.
Approximately 20 U.S. "boiling water reactors" – which boil water
in their pressure vessels – are essentially identical to the failed Fukushima reactors. Most U.S. "pressurized water reactors" – which
do not generate steam in the reactor itself – have formidable reinforced-concrete containment domes (although typically not as formidable as those in Europe). But nine of these pressurized reactors
have smaller and weaker containment structures that rely on buckets
of shaved ice to quench steam and thus reduce containment pressure
in the event of an accident. Officials in Washington must take a hard
look at these nine reactors – four in North Carolina, three in Tennessee, and two in Michigan.
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Unfortunately, U.S. regulators have been overly accommodating to
the industry they supervise. The Nuclear Regulatory Commission
has been handing out 20-year extensions to plants, whose original
licenses were for 40 years. This includes the country’s oldest operating plant, New Jersey’s Oyster Creek, which went into operation
in 1969 and now holds a license to operate until 2029. These extensions tend to be granted after NRC reviews that are heavily weighted
toward accepting the validity of past technical conclusions. Rather
than simply green-lighting old nuclear plants, officials need to reverse the burden of proof and examine more carefully whether past
acceptances of old safety systems remain valid today.
The Obama administration’s first reaction to the Fukushima accident was overly defensive. But U.S. President Barack Obama took a
step in the right direction on March 17 by asking the NRC to undertake "a comprehensive review of the safety of our domestic nuclear
plants in light of the natural disaster that unfolded in Japan." There
should be no illusions, however, about the likely result of this review.
The NRC regulation that covers safety upgrades (called "backfits"
in regulatory jargon) is strongly biased against any costly improvements. The last time the NRC launched such a review of the U.S.
nuclear plants, in 1996, the industry mobilized then-Senator Pete
Domenici (R-N.M.), who was the chairman of the NRC’s appropriation subcommittee. Domenici promptly threatened a stunned NRC
Chairperson Shirley Jackson with a deep budget cut unless she reversed her approach and made the agency more industry-friendly.
Jackson did exactly that: she fired some of the top officials and toned
down the NRC’s criticism of industry. The staff got the message.
Domenici brags about this episode in his 2004 book, A Brighter Tomorrow, and goes on to write that he has "been very impressed with
the NRC." So has the nuclear industry, which has always preferred
self-regulation to government oversight.
The United States needs firm government safety regulation because
public and private incentives differ when it comes to nuclear power.
The industry’s economic interests generally dictate safe operation,
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but sometimes complacency sets in, or a company’s management
tries to cut corners. The safety performance of U.S. nuclear plants,
as measured by the NRC, has in fact improved over the years. But
doubts remain over how the NRC deals with outliers, such as Ohio’s
Davis-Besse, which had a close brush with a very serious accident
in 2003 shortly after having received top grades from the NRC in all
18 safety categories shortly before.
The Fukushima accident, especially because it happened in a
wealthy industrialized country and involved plants of U.S. design,
is a warning that should be heeded. Washington needs to reexamine
not only U.S. reactors’ safety systems but also the fundamentals of
the U.S. approach to nuclear safety. That means looking at how the
NRC balances the costs and benefits in deciding whether to require
safety upgrades, and whether some of the most vulnerable plants
should be operating at all.
The NRC has a highly skilled staff for dealing with day-to-day technical issues, but the agency has trouble confronting larger safety
issues, especially those that threaten the prospects of commercial
nuclear power or raise questions about its previous license approvals. The five appointed NRC commissioners currently monopolize
all authority – both state and federal – over nuclear power plant
safety. A state government cannot reject a nuclear facility within its
borders on grounds of safety; only the NRC can do so.
In the wake of the Japanese nuclear crisis, it is time for Washington
to reconsider this arrangement and allow states to decide for themselves.
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"Yucca Mountain redux"
Victor Gilinsky
Bulletin of the Atomic Scientists
November 5, 2014

T

he Republican takeover of the Senate and consequent sidelining of the Democratic majority leader, Nevada Sen. Harry
Reid, will undoubtedly increase calls for reviving the Energy
Department’s proposed nuclear waste repository at Nevada’s Yucca
Mountain. The project got a big boost from the Nuclear Regulatory
Commission (NRC) staff when it recently concluded that the Energy Department has "demonstrated compliance with NRC regulatory requirements" limiting long-term radioactive leakage from the
proposed repository. This result produced headlines like this one,
which ran in the New York Times in October: "Calls to use Yucca
Mountain593 as a nuclear waste site, now deemed safe."
US Rep. John M. Shimkus, Republican of Illinois, said, "Today’s report confirms what we’ve expected all along: Nuclear waste stored
under that mountain, in that desert, surrounded by federal land, will
be safe and secure for at least a million years." But the hosannas are
premature. The NRC staff did not explain, and no one in the media
seems to have caught on, that its favorable conclusion reflected the
Energy Department’s pie-in-the-sky design for Yucca Mountain—
not the repository as it is likely to be configured. The likely repository configuration doesn’t come close to meeting NRC requirements.
The key design element in question is something the Energy Department calls a "drip shield." This is a kind of massive, corrosionresistant titanium alloy mailbox that is supposed to sit over each of
the thousands of waste canisters in Yucca Mountain’s underground
tunnels. In NRC’s definition, it is designed "to prevent seepage wa593. See https://www.nytimes.com/2014/10/17/us/calls-to-use-a-proposed-nuclear-site-now-deemed-safe.html?_r=0.
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ter from directly dripping onto the waste package outer surface."
The name drip shield itself is a giveaway that there is a water problem at Yucca Mountain. There is indeed a lot more water, and it is
flowing faster, than the Energy Department imagined when it picked
the site, which is why it added the drip shield to the original design.
Without the titanium shields, dripping water would corrode the waste
canisters placed in the repository and release radioactive waste, and
the moving underground water would carry it to the nearby environment. Using the corrosion data in the Energy Department’s license
application, one can calculate that this corrosion would take not the
"million years" cited by Mr. Shimkus, but about 1,000 years.
Although the Energy Department has included the drip shields as
part of the repository design, and NRC has accepted them for license-review purposes, the Energy Department doesn’t actually
plan to install the shields until at least 100 years after the waste
goes in. Presumably, this delay is based on financial considerations;
installing the shields early in the project would add hugely to the repository’s cost and thus threaten its funding prospects in Congress.
If you look more closely into the situation, you can’t escape the conclusion that it is highly implausible that the drip shields will ever be
installed. In fact, as a practical matter, it may not even be physically
possible to install them.
According to Energy Department’s plan, after the radioactive waste
canisters are placed in the repository tunnels, the site would receive
minimal attention for many decades. After a hundred years or so, before the repository was permanently closed, the Energy Department
would install the protective drip shields. So it says. Because of the
radioactive underground environment, it would take highly specialized robotic equipment to install the shields with the required precision. None of this equipment has been designed, or even thought
through.
Realistically, a century into the project, the underground tunnels
would have deteriorated considerably and collapsed in part. Dust
would sharply limit visibility. The tunnels would have to be cleared
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of rubble for a remotely operated underground rail system to transport robotic equipment and the five-ton drip shields to the waste
canisters. The shields would then have to be installed end-to-end, so
as to form a continuous metal cover inside the tunnels, obviously a
delicate, complex, and extremely expensive operation. Is it reasonable to believe that after 100 years, with the nuclear waste in the
repository long out of the public mind, that Congress would appropriate enormous sums of money for the Energy Department to go
back into the tunnels to install the shields? Can we really rely on an
agency that hasn’t yet cleaned up a nationwide radioactive mess that
dates from World War II to keep a promise that it will do something
a century into the future? Will there even be an Energy Department
in 100 years?
Naturally, because it would be fatal to the project, the Energy Department does not display a computer simulation that shows what
happens at Yucca Mountain without drip shields. More surprising,
the NRC has not asked for such a simulation. The result for the nodrip-shield situation can, however, be extrapolated from simulations
that the Energy Department has run for other contingencies. The former head scientist for the Yucca Mountain project confirmed to me
in 2008 that the extrapolation result obtained in this way is correct.
(Disclosure: I was then working for the State of Nevada, which of
course opposed the project.) The Energy Department argued, however, that such a calculation was irrelevant, because the NRC cannot, in its review of the Yucca Mountain project, look past the promise of its "sister agency" that it would install the crucial drip shields.
That argument seems to have worked in keeping simulations of the
behavior of a no-drip-shield Yucca Mountain out of NRC proceedings, and out of the public eye.
A truly independent regulatory agency—one truly representing the
public interest—would not have been silent on the low likelihood
that drip shields will ever be installed and would have insisted on
getting the Energy Department’s calculations on what happens if
the drip shields don’t get installed. What it comes down to is this:
The NRC is going along with a shell game to advance the political
fortunes of the Yucca Mountain project.
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"Limited Appearance Statement
of Dr. Victor Gilinsky"
Victor Gilinsky
Remarks before the Atomic Safety and Licensing Board
of the US Nuclear Regulatory Commission in the
matter of Pacific Gas & Electric Company, Diablo
Canyon Power Plant, Units 1 and 2
July 7, 2015

I

am Victor Gilinsky. I reside at 369 Sumac Lane in Santa Monica,
California. I was a member of the Commission from 1975 to
1984, a period during which it considered the adequacy of Diablo Canyon’s seismic design for plant operations. I would ask the
Board to permit me to present a brief written statement in accordance with the Commission’s rules regarding limited appearances
by a person who is not a party. I am not affiliated with any party in
the case before the Board or with any other organization with an
interest in the case.
I offer this statement because the early history of how the NRC dealt
with Diablo Canyon’s seismic safety issues helps to understand current issues. The Commission outlined some of this background in its
Memorandum and Order (CLI-15-14), but there is much more that
is relevant, going back before Diablo Canyon’s licensing.
To start with, the agency incorporated a very weak standard in Unit
1’s 1968 construction permit. This was in keeping with priorities
of the time: the Atomic Energy Commission was more interested
in encouraging nuclear power plants everywhere in the country,
including along the earthquake prone California coast, than in the
complexities of seismic safety. In fact, the AEC commissioners did
all they could to restrain their regulatory staff, which quickly got the
idea. I served on the AEC Regulatory Staff from 1971 to 1973 and
can attest to that.
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Also relevant to Diablo Canyon’s lax initial seismic standards is
that—as was true of all early plants—the plant’s construction permits were granted not under Atomic Energy Act’s Section 103, covering power reactors, but under Section 104, covering Research and
Development. The latter states: "In issuing licenses under this subsection, the Commission shall impose the minimum amount of such
regulations as will permit the Commission to fulfill its obligations
under this Act." There is no such instruction for minimum regulation
in Section 103.
But allowing such a lax standard led to more trouble later on. Toward the end of construction, the US Geological Survey judged the
Hosgri fault—previously identified in 1971—to be capable of generating ground motions greater than those for which Diablo Canyon
was designed. That forced postponement of operations for a decade
while the plant was modified and reanalyzed. A good part of the time
was lost because of the need to redo seismic modifications that the
Company had initially done incorrectly.
To avoid abandoning a nearly constructed plant, the NRC Staff
permitted an approach to seismic reanalysis and redesign that was
significantly less conservative than it would have been for a new
plant. The NRC allowed Pacific Gas & Electric to take every advantage of safety margins in the pre-Hosgri design. For example, in
analyzing plant structures the NRC allowed a larger damping value
than it had previously, which reduced the effect of ground vibrations. At the same time, the agency allowed credit for the actual,
"as-built," strengths of structural materials, rather than for minimum
strengths—the conservative approach—so that larger vibrations became tolerable.
However, using up plant seismic safety margins plus making plant
modifications still did not suffice to meet the Hosgri standard. At
this point, to find the plant capable of withstanding a Hosgri fault
earthquake, the NRC Staff simply lowered the standard: It accepted
a reduction of about 20 percent in the estimated ground vibrations
at the plant. It did so based on not much more than a hand-waving
argument offered by its seismic consultant about what he called the
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"tau-effect."
Such a tau-effect reduction had never previously been given credence in a nuclear seismic analysis, nor to my knowledge has it been
used since. Nevertheless, the Licensing Board hearing the case—to
which then-California Governor Jerry Brown was a party in opposition—went along with it on the basis of the Staff’s endorsement
of its consultant’s testimony. The Appeal Board later did, as well,
although it could not provide a quantitative explanation. So far as I
could tell, no one could.
The commissioners couldn’t decide whether to accept review. They
requested a report from the Commission’s then-Office of Policy
Evaluation and received a critical 89-page technical analysis. Two
commissioners argued for a review of the Appeal Board decision,
including myself.594 Normally the Commission had 30 days to decide. It gave itself thirteen extensions over a period of nine months
before it finally, in March 1982, let the Appeal Board decision stand,
thus allowing the plant to operate. It was the weakest possible endorsement. My view is, of course, that of a commissioner in the
minority on the issue who failed to persuade the commission to look
into the validity of the plant’s seismic analysis. But the facts of the
case are undeniable, including that without acceptance of the substantial "tau" reductions in ground motions, Diablo Canyon would
not have qualified for an operating license.
After the more recent discovery of the Shoreline and other faults,
the Company and the NRC Staff have tried, using new analytical
techniques, to demonstrate that these do not challenge the Diablo
Canyon seismic designs, or as the Commission’s Memorandum and
Order put it, that they are "a lesser included case under the Hosgri
evaluation." Whether PG&E’s and the Staff’s underlying calculations in dealing with Shoreline and other faults are valid remains to
be determined. In my view, the safety issue is weighty enough, and
594. Opinion of Commissioners Gilinsky and Bradford on Commission Review
of ALAB- 644 (Diablo Canyon Seismic Proceeding), March 1982. See Appendix A.
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made more so by the plant’s history, to require a license amendment
hearing.
Equally significant is the shadow that hangs over the previously approved but dubious calculations supporting the adequacy of protection against earthquakes on the Hosgri fault. The NRC may regard
the 1982 approval of the Hosgri modifications as a settled matter,
legally speaking. But it is definitely not a settled safety matter, and
that should be the uppermost consideration.
The problematic early history of Diablo Canyon seismic issues and
the continued emergence of new issues argue strongly for a thorough and credible reassessment of the plant’s seismic safety. The
Commission owes the public that. It can only happen in an adjudicatory license amendment hearing before an independent Board. I
say this not because the NRC Staff lacks competence, but because
it is in the nature of bureaucracy to defend past positions. The Staff
has been at this for so long, it is not realistic to look to it to provide
dispassionate advice. Its perspective and testimony are valuable, as
are those of the plant’s owners, Pacific Gas & Electric, but their
testimony should have to withstand cross-examination by experts
outside the NRC. If their seismic safety case is as sound as they believe it to be, they will prevail. Exaggerated concerns over "regulatory uncertainty" have to take a backseat to assurance of the public
health and safety.
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"When 10,000 square miles of
contamination is an acceptable
risk: The NRC’s faulty concept"
Victor Gilinsky
Bulletin of the Atomic Scientists
January 29, 2017

I

n making safety decisions, the Nuclear Regulatory Commission
uses accident probability calculations that are much more optimistic than anything that nuclear manufacturers like General
Electric and Westinghouse actually believe. The result is weak public protection. A good example is the NRC commissioners’ rejection
in 2014 of a proposal to limit the possible severe consequences of
spent fuel pool fires in nuclear power plants because the proposal’s
cost, however modest, exceeded the value of the expected reduction
in "risk."
Spent fuel pools are where highly radioactive (and thus thermally
hot) used reactor fuel is stored after it is removed from the reactor
core. If a pool loses its water supply, the spent fuel can overheat
and eventually burn, releasing large quantities of radioactivity. The
spent fuel pool issue gained prominence after the 2011 Fukushima
accident. For a time during the accident the dominant concern was
that spent fuel in Fukushima’s damaged Unit 4 pool might catch
fire. It didn’t happen, but it could have multiplied the effects of the
catastrophic Fukushima accident manyfold. The NRC staff told the
commissioners in 2014 that a worst-case spent fuel pool fire in a US
plant like those at Fukushima—of which there are nearly three dozen—could release 25 times more long-lasting radioactivity than escaped from the Fukushima reactor vessels, and perhaps even more.
Such a release could render 10,000 square miles uninhabitable and
(around the Pennsylvania nuclear plant the staff chose as an example) could require the evacuation of 4 million persons.
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The specific proposal before the commissioners was to limit the
amount of radioactive spent fuel in a pool and thus to reduce the
consequences of a fire by a factor of ten. This would be accomplished by speeding up the transfer of radioactive spent (used) fuel
from the pool into "dry cask" storage. The plant owners have to do
this eventually, but earlier transfers increase the cost. The commissioners saw their role as deciding whether the safety benefit—the
reduction in risk—warranted this cost increase.
In fact, they weren’t deciding anything. The commissioners lent an
air of official seriousness to the proceeding, but the decision making was on autopilot. It involved calculating the average risk (R) of
an accident by multiplying two numbers, the accident’s probability
(P) and its consequence (C). If P is sufficiently small, the average
risk (or P times C) will be negligible no matter how large the consequence. And, therefore, the possible reduction in risk will hardly be
worth any expenditure. That is how it worked in the 2014 case of a
possible spent fuel fire, and that is how it has worked in most cases
involving protection against severe accidents.
Actually, most cases don’t get this far. The commission has a threshold for the staff to investigate a safety issue posed by a hypothetical
accident. If the estimated probability of "prompt" deaths offsite is
below 2 in 1 million per year, the NRC staff need not investigate
further. This involves a kind of Catch-22. The NRC assumes effective evacuation of the surrounding area in the event of an accident,
so there aren’t people to be irradiated, and even substantial accidents
don’t exceed the commission’s threshold.
In the 2014 Commission meeting, the NRC staff told the commissioners that the probability of a severe spent fuel pool event was
about 1 in 10 million per year, so the case did "not pass the safety
goal screening" and required no further review. Nevertheless, "to
provide information to the commission," the staff generously proceeded to the next step: cost-benefit analysis.
In a way, the staff’s analysis in this case was novel in that it included
contamination of land and evacuation of people. Traditionally the
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NRC only considered consequences to people’s health—"prompt"
radiation deaths and subsequent cancers. Since Fukushima it has
been obvious (and should have been so from the 1986 Chernobyl
accident) that the main impacts of a severe accident are the radioactive contamination of land and the evacuation of large numbers of
people, many of them permanently.
Consider the implications of NRC’s risk definition for the risk of
long-term land contamination: The NRC staff’s projection of about
10,000 square miles, when multiplied by the staff-estimated accident probability, becomes an annual risk of about one-thousandth of
a square mile, or less than an acre per year. Since valuable farmland
runs at several thousand dollars per acre, the NRC conclusion is that
any safety improvement that costs more than that isn’t worthwhile
in terms of saving land. Similarly, the risk of displacing persons,
becomes about half a person displaced per year, perhaps at a cost of
tens of thousands of dollars, and so, again, per NRC logic, it is not
worth spending more than that to avoid long-term evacuations to
protect against severe spent fuel pool fires. This isn’t the conclusion
most people would arrive at for themselves or their home towns.
There are several things wrong with the NRC’s cost-benefit approach to nuclear safety. To begin with, neither factor in the risk
formula—probability times consequence—can be calculated with
any accuracy. For example, the consequences of an accident requiring the long-term, possibly permanent, evacuation of 4 million will
surely not be limited to the expense of such an evacuation. It would,
for example, almost certainly spell the end of nuclear power use
in the United States and likely in many countries, with huge economic consequences. We know the Fukushima accident resulted in
the closing of all Japanese nuclear plants, hardly any of which have
gone back into operation. The Fukushima accident cost estimate already runs into the hundreds of billions of dollars. A very much
larger such accident in the United States could run into trillions.
None of this is part of the NRC’s blinkered analysis.
Nor is the situation much better when it comes to estimating the
accident probability. As there is little data on large accidents, the

611

612

Peering into Our Nuclear Future: Selected Writings of Victor Gilinsky

accident probability is a calculated number. The NRC staff relies
increasingly on elaborate calculations that model the various failure modes of a nuclear plant. For outsiders, or for that matter the
NRC commissioners themselves, the result essentially comes out of
a black box. It is questionable whether a frequency as low as 1 in
10 million per year is meaningful. It amounts to saying that if the
nuclear plant ran for 10 million years one should expect only one
such accident. But one came very close to happening a few years
ago at Fukushima Unit 4.
Which brings us to a deep flaw in NRC’s safety methodology—its
reliance on the average risk as the figure of merit. It is by no means
the only possible measure of risk. We know that in many statistical
situations the average is not the best choice to characterize the data.
It works where there are well-established data on both probabilities
and consequences as, for example, in considering measures to reduce auto accidents. It doesn’t make sense for high consequence/
low probability events, for one thing, because the numbers are so
poorly known. Also, using average risk doesn’t reflect what most
people—the people the NRC is supposed to be protecting—want
to achieve. They don’t want to risk losing a city, no matter what the
calculated probabilities. That is how the nuclear manufacturers—
Westinghouse and General Electric—see it, too. They refuse to participate in any project unless they are guaranteed to be free of any
liability for any offsite accident consequences. If they believed the
NRC risk calculations, they would have no difficulty in accepting
the litigation risk—but they obviously don’t. In short, the organizations most highly knowledgeable about nuclear safety don’t trust the
NRC’s probabilistic calculations.
The handling of the spent fuel pool fire issue followed the pattern for
current NRC safety decisions—safety goal screening and cost-benefit analyses based on staff-supplied numbers. The commissioners
do have the authority to impose any safety requirement they judge
necessary regardless of its cost, but they rarely use it. They prefer
the protection of the average risk algorithm with inputs provided by
their staff engineers. It gives the commissioners’ decision making a
scientific gloss, and thus avoids their having to defend a safety judg-
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ment about "How safe is safe enough?"
The commissioners did use their statutory authority in 2012 to improve the capability of General Electric plants like the Fukushima
units to vent high pressure (radioactive) steam from containments
during an accident, to prevent over-pressurization and failure. The
commissioners were under considerable pressure to act post-Fukushima, and, as containment venting was a prominent problem during
that accident, they overrode their staff’s conclusion that the proposal
did not pass "safety goal screening." But the commissioners managed to put the obvious corollary—requiring filters to keep venting
during accidents from spewing radioactivity into the surrounding
area—on a slow rulemaking track. Once out of the political spotlight, the commissioners, in August 2015, directed the staff not to
proceed further with the rulemaking.
Any change in the NRC’s approach to nuclear risk must come from
the outside; the agency has too much invested in the current approach for internal reform to have a chance. When a witness at the
2014 Commission meeting on spent fuel pool fires, Clark University
professor Gordon Thompson, questioned using the average risk as
the figure of merit, only one commissioner took notice and that was
to ridicule the notion. The commissioners should have paid more
attention.
A definition of risk that placed greater emphasis on avoiding largeconsequence events would be more in line with the common sense
of the public whom the NRC is supposed to be protecting. If nuclear
power is to have any long-term future, it will have to go beyond
even that level of protection. A 2012 report of the American Society
of Mechanical Engineers, a group heavily involved with the nuclear
industry, called for a major step-up in nuclear safety and warned that
severe accident impacts on people’s lives were "wholly inconsistent
with an economically viable and socially acceptable use of nuclear
energy." Just as the nuclear manufacturers don’t want to bet their
companies on calculations of nuclear safety, neither do people at
large want to bet their cities and countrysides.
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"A containment failure: How
American nuclear regulators
undercut power plant safety
from the beginning"
Victor Gilinsky
Bulletin of the Atomic Scientists
May 4, 2018
Abstract

I

n 1965, the US Atomic Energy Commission made a fateful decision to license nuclear power plants that, top safety experts believed, had containment structures that were inadequate to contain dangerous releases of radioactivity in the case of core-melting
accidents. It was a critical turning point in reactor safety. The AEC’s
downgrading of the containment’s role opened the door to smaller,
cheaper, "dynamic" containments, which offered significantly less
protection in case of a fuel melt accident. Buyers of nearly four
dozen large US power reactors opted for the most vulnerable of
such containments, of which 30 remain in operation. Because of
their inadequate containments, they should all be retired. All but
one have exceeded their original 40-year license durations. New
plants shouldn’t be licensed unless they include containments that
actually do what they were originally supposed to do – contain all
radioactive material, even in a worst-case melt-down of a nuclear
reactor core.
In 1965, in reviewing the first two large US nuclear power reactors, several times larger than those already in operation, the US
Atomic Energy Commission’s top safety experts realized that the
strength of containments – the steel and concrete protective structures around reactors – had not kept pace with the jump in power
level. The safety experts worried that these plants could not cope
with accidents that progressed to melting of a reactor’s uranium fuel

Chapter 5

core – which makes dangerous releases of radioactivity possible.
The experts urged the commissioners to rethink licensing of large
reactors and to seek a passive technical solution that would enhance
public protection.
The commissioners, led by Chairman Glenn Seaborg – Nobel laureate in chemistry for his discovery of plutonium, former University of California chancellor, and booster for everything nuclear
– squelched these concerns, and the AEC proceeded to license the
plants.
It was a critical turning point in reactor safety. The effect was to
sharply downgrade the safety role of containment for the two new
plants – and for the 100 or so more that eventually reached operation. Public protection against critical pipe break accidents that could
lead to melting of reactor fuel would afterwards have to rely entirely
on emergency cooling systems, whose reliability at that time was
questionable. Instead of design requirements for industry flowing
from the AEC’s safety policy, it had worked the other way around:
The agency endorsed the industry’s approach. The AEC still did not
have any reactor design regulations of its own.
The manufacturers, mainly Westinghouse and General Electric, designed reactor containments to resist the pressure that would exist
if a reactor’s water inventory – over 100 tons of hot water under
high pressure – flashed to steam after a break in the reactor coolant
piping. Builders of about 60 plants (of those that ultimately operated) opted for fairly formidable "passive" containments to retain
accident steam by brute force – the large rounded domes one sees
from the road. They were not designed to cope with melted fuel but
nevertheless had some residual capability to do so.
But the AEC’s downgrading of the containment’s role also opened
the door to "dynamic" containments that reduced steam pressure
by quenching it in pools of water or by contact with ice. This allowed smaller, cheaper containments, which offered significantly
less protection in case of a fuel melt accident. Buyers of nearly four
dozen large US power reactors opted for such containments. Most
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were General Electric boiling water reactors with "Mark I" containments that quenched accident steam in a donut-shaped pool of water.595 About a dozen were Westinghouse pressurized water reactors
with so-called "ice condenser" containments that relied on buckets
of shaved ice placed around the containment to perform the steamquenching function.596
American plants were not the only ones affected by the AEC’s downgrading of containments’ safety role. The Japanese plants whose
cores melted in the 2011 Fukushima accident were General Electric
BWRs with Mark I containments that obviously did not prevent disastrous radioactive contamination of the surrounding area. Twenty
such Mark I BWRs are still operating in the United States. There
are also still nine "ice condenser" plants. The Nuclear Regulatory
Commission has granted 20-year license extensions to all the older
GE BWRs, and to all but two of the ice-condenser PWRs, one of
which it licensed for initial operation as late as 2015. Because of
their inadequate containments, they should all be retired, at least
after their 40-year license duration, and new plants shouldn’t be licensed unless they include containments that actually do what they
were originally supposed to do – contain all radioactive material,
even in a worst-case melt-down of a nuclear reactor core.

595. BWRs send steam directly from the reactor vessel to the turbine. There are
also later GE units – 7 with Mark II containments and 4 with Mark III containments – all based on the same design principles but in somewhat different
configurations. I have concentrated here on GE units with Mark 1 containment,
the earliest and most vulnerable. Pressurized water reactors, or PWRs, use steam
generators to separate the reactor cooling water loop from the water boiled to
make steam to drive the turbine. Collectively, BWRs and PWRs are known as
light water reactors, or LWRs (to distinguish the coolant from heavy water).
596. As the AEC ruled out concern about melted fuel, it appeared that the only
concern regarding a loss of cooling accident was retaining the accident-created
steam from the reactor’s water inventory (which, in fact, is only slightly radioactive). In fact, there was another serious concern, but it was not yet appreciated in
the mid-1960s: The chemical reaction between hot steam – at temperatures well
below fuel melting – and the zirconium fuel tubing can create large amounts of
hydrogen, which, mixed with oxygen in the containment, can reach explosive
proportions.
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Indian Point 1 to Indian Point 2
For all its subsequent faults, the AEC originally took a tough line
on public protection from power reactor accidents. As described in
a 1956 letter to Congress from Acting Chairman Willard F. Libby,
such protection ultimately depended on an "appropriate combination of containment and isolation."597 The electric utilities wanted
to put power reactors near electrical loads, so protection had ultimately to rely on sound containment. The designers of the first,
relatively small US power reactors placed them in large, strong containments. A 180-foot diameter steel sphere enclosed Dresden Unit
1, a 200-megawatt BWR about 40 miles from Chicago that started
operation in 1960; a similar sphere enclosed Indian Point Unit 1,
a 250-megawatt PWR about 35 miles from downtown Manhattan,
that first operated in 1962.598
But containments strong enough to cope with every contingency
were expensive, which is why GE came up with its "pressure suppression" system that quenched steam in water, and later, Westinghouse came up with its own version based on quenching steam with
ice.599
The electric companies’ main cost-reduction strategy was to build
bigger nuclear plants to reduce unit costs. But was it safe to do so? In
a pivotal 1962 report to President John Kennedy, "Civilian Nuclear
Power, a Report to the President," the AEC said that while there was
"room for improvement," nuclear power was "reliable and safe."
597. Libby, W. F. 1956. Letter, Acting Chairman Willard F. Libby to Senator Bourke B. Hickenlooper, March 14. https://scholar.google.com/scholar_
lookup?hl=en&publication_year=1956&author=W.+F.+Libby&title=Letter%2C
+Acting+Chairman+Willard+F.+Libby+to+Senator+Bourke+B.+Hickenlooper.
598. The megawatt ratings are in terms of electrical output. The thermal (heat)
output of reactors is typically about three times the electric rating.
599. The ice condenser plants were originally intended to be barge-mounted and
anchored offshore. Westinghouse got an NRC manufacturing license, ML-1, the
only one ever granted, for producing the floating plants in a Florida facility. The
scheme never took off. The weight of the containment was, I believe, limited by
the facility’s crane, the largest in the world.
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Most utilities – far less sophisticated about nuclear power than the
manufacturers – took this as a government safety guarantee and,
with AEC encouragement, dropped their traditional caution about
scaling up power plants. Of course, the 1957 Price-Anderson Act
limiting manufacturer and owner liability for accident consequences
to the public – without which there would be no civilian nuclear
power – helped to ease industry concerns.600
Neither the manufacturers nor the plant owners gave much thought
to accidents in which emergency cooling failed. Neither did most of
the AEC’s safety review staff and its safety advisors on the Advisory
Committee on Reactor Safeguards, at least not in any systematic
way.601 Nevertheless, up to the middle 1960s, both groups believed
that the thick steel pressure vessels containing the uranium fuel, and
ultimately the reinforced concrete containments, would retain the
radioactive products of the most severe accidents, including those
involving fuel melting.602

600. Price-Anderson hearings prominently figured a 1957 AEC report, "Theoretical Possibilities and Consequences of Major Accidents in Large Nuclear
Power Plants (WASH-740)" that estimated maximum possible damage from
a meltdown with no containment building at a large nuclear reactor – many
thousands of deaths and billions in damage. The nuclear industry ignored or
dismissed the report on grounds that the underlying assumptions were unrealistic, which they were. But something stuck. Despite ritual public protestations of
nuclear safety, neither manufacturers nor plant owners have ever been willing
to accept the full risk of nuclear accident consequences to the public. Atomic
Energy Commission. 1957. Theoretical Possibilities and Consequences of
Major Accidents in Large Nuclear Power Plants (WASH-740). Report. Washington, DC: Atomic Energy Commission. https://scholar.google.com/scholar_
lookup?hl=en&publication_year=1957&author=Atomic+Energy+Commission&
title=Theoretical+Possibilities+and+Consequences+of+Major+Accidents+in+La
rge+Nuclear+Power+Plants+%28WASH-740%29.
601. At the time, the term "reactor safeguards" meant reactor safety. By statute,
the committee – a part-time group of nuclear safety experts from academia, the
national laboratories, and industry – provided its opinion on each plant’s licensing in a public letter to the AEC chairman.
602. I rely here on documents compiled in the late 1970s in an unpublished volume, On the Evolution of Light Water Reactor Safety, by David Okrent, a former
ACRS member and chairman.
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This confidence was shaken in 1965 when the agency reviewed license applications for two plants – Dresden 2, a GE BWR, and Indian Point 2, a Westinghouse PWR – each nearly four times the size of
those in operation. The Advisory Committee on Reactor Safeguards
and the AEC review staff realized that in such high-power reactors,
radioactive fission products in the reactor core generate so much
heat that if emergency cooling fails after shutdown, tens of tons of
melted uranium oxide fuel could melt through the thick steel reactor
pressure vessel, fall on the containment’s concrete base, penetrate
that, and release large amounts of radioactivity into the surrounding
area.
The safety experts needed time to consider the licensing implications of these conclusions. In 1965 the country’s nuclear energy
program was still at an early stage – no nuclear plant above about
250 megawatts was yet operating – and the program could have
been adjusted or reoriented.603 However, the opportunity to do so
was overwhelmed by a rush of utility orders for large nuclear power
plants, which the delighted AEC commissioners were not about to
slow down.
The Post-Oyster Creek Rush of Orders
In 1963, a New Jersey utility, Jersey Central Power and Light,
bought a 600-megawatt GE BWR, the Oyster Creek plant, at a guaranteed price on a strictly commercial basis. In fact, GE took a substantial loss, but this wasn’t known at the time. That the sale was
unsubsidized by the AEC, unlike previous ones, convinced utility
executives that nuclear power had become economic and set off an

603. Ironically, the nuclear community now seems to be pinning its hopes on
small power reactors of this size as a possible lifeline to a nuclear future. They
would require smaller capital outlays but the unit cost of energy may well be
higher. Most interesting in this context is that the Energy Department and the
Nuclear Energy Institute seem reluctant to advertise the safety advantages of
smaller plants, presumably to avoid adverse comparison with the large plants in
operation.
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ordering spree for dozens of even larger plants.604
The AEC was unprepared to evaluate the safety of these plants.
The agency did not have a strong enough license review staff and
lacked any safety regulations covering nuclear plant hardware design.605 It first proposed for public comment general design criteria
for power reactors in 1965, and these were not final regulations until
1971.606 In principle, the owner-applicants had the burden of proof
to demonstrate their proposed plants were safe. But in practice, the
weight of industrial orders and the industry’s complaints about licensing "delays," echoed by AEC commissioners, shifted the burden
to the agency’s safety reviewers to justify why they hadn’t granted
a license. They were caught between their professional responsibilities in assuring nuclear safety and the pressure from the commissioners to speed up the pace of nuclear licensing, and thus the
advance of nuclear power.607
604. Between 1963 and 1968, utilities ordered 40 plants up to 1000 MWe before
any plant over 250 MWe operated. All US nuclear plants operating today were
ordered by 1973. All those ordered subsequently were canceled for economic
reasons. In the late 1960s I got to know William Webster, president of the
Yankee Atomic organization, a true pioneer of the industry. He referred to his
fellow utility heads contemptuously as "sheep," who had little understanding of
what they were getting into, whom the manufacturers had panicked into buying nuclear plants in the 1960s with the threat that if they didn’t the order books
would close and they would be left out.
605. The agency had promulgated siting regulations (10 CFR Part100), but these
did not cover nuclear plant design.
606. The safety standards in the Atomic Energy Act: "to protect health or to
minimize danger to life or property" (Sec. 161), and "adequate protection to the
health and safety of the public" (Sec. 182), leave a lot of room for interpretation
by the regulators. During the 1960s the AEC licensed nuclear power plants not
under Section 103 of the Act, which covered commercial licenses, but under
Section 104, that covered research and development. Part of that section reads
(with my emphasis): "In issuing licenses under this subsection, the Commission
shall impose the minimum amount of such regulations and terms of license as
will permit the Commission to fulfill its obligations under this Act."
607. I served on the AEC Regulatory Staff for about a year, 1971–1972. The
Regulatory Staff reported to the commissioners and, in principle, was parallel
and equal to the AEC research and development organizations. In practice, it
was different. To say that AEC leadership regarded the Regulatory Staff with
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The AEC review staff finessed the severe accident issue by simply
defining accidents leading to containment failure as "incredible,"
meaning that they were so unlikely that they did not need to be protected against. The trouble was that the emergency cooling systems
on which prevention of severe accidents depended were still developing and of uncertain effectiveness.
A 1965 Advisory on Safety Concerns
The more independent Advisory Committee on Reactor Safeguards,
however, continued to worry about the effect of cooling system failure on the integrity of reactor pressure vessels and containments.
In November 1965, the committee wrote an unusual public letter to
AEC Chairman Seaborg urging steps to "ameliorate the consequences of a major pressure vessel rupture." If "breaching the containment cannot be precluded," the committee recommended providing
"other means of preventing uncontrolled release of large quantities
of radioactivity to the atmosphere." The AEC commissioners were
not pleased at this public expression of what amounted to nuclear
heresy. They and the industry feared that a sharp increase in safety
requirements might slow down nuclear construction. The commissioners, and of course the industry, routinely attested to the safety of
the technology and the licensed plants, and expected the committee
members to do the same.608 Under pressure, the committee acquiesced in licensing of Dresden 2 and Indian Point 2.
The arguments among the AEC Regulatory Staff, the Advisory
Committee on Reactor Safeguards, and the industry heated up again

contempt would not be too strong a statement. They were encouraged in this
view by the headquarters reactor research and development division, which was
developing advanced plutonium-fueled reactors and did not want the Regulatory
Staff interfering with their work.
608. What they themselves believed, or understood, is less clear. This came
home to me years later when I was (briefly) a consultant to a CEO of a major
nuclear utility. One evening, after whiskeys on his company plane, he said to
me, "You know, Vic, every morning I thank God my reactors haven’t blown up."
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during 1966 reviews of sister plants of the ones reviewed in 1965 –
another Westinghouse PWR and GE BWR (Indian Point 3 and Dresden 3). It became even clearer that if emergency cooling failed when
it was needed, nothing would stop the reactor’s fuel from melting
and escaping the containment.
One possible solution discussed for Westinghouse’s design was a
"core catcher" – a large ceramic basin below the pressure vessel
that could retain the molten fuel if it were to drip through. But this
and other proposals would only work for the large, passive PWR
containments.609 Nothing of the sort could be fitted into the smaller
GE BWRs.
From the point of view of the AEC regulatory staff, imposing a solution that worked only for PWRs would have meant branding the GE
plants as less "safe" than Westinghouse plants.610 That was something the regulatory staff was institutionally incapable of doing – it
would have put it at odds with powerful nuclear corporate interests
and would have created dissention in nuclear ranks. The regulatory
staff decided to permit core catchers but to give no safety credit to
a plant with one. Not surprisingly, Westinghouse dropped the idea.
Advisory Committee on Reactor Safeguards members continued
to struggle over the severe accident issues, but their effectiveness
was limited because they had no public constituency, nor did the
members want one, that is, not among the uninitiated. As their discussions were behind closed doors, hardly anyone outside the AEC
even knew nuclear power experts were concerned about core melting. A letter from the committee attracted public attention, but the
committee was chastened by the AEC’s negative reaction to their
November 1965 letter. Though genuinely concerned about public
safety, the members feared getting a reputation for holding up the
advance of nuclear power and thereby losing the nuclear community’s respect.
609. The idea is now resurfacing in Japanese deliberations on restarting nuclear
plants shut down after the Fukushima accident.
610. Westinghouse’s "ice condenser" plants came later.
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AEC Downgrades Containment to Rely Exclusively on Emergency
Cooling
In August 1966, members of the Advisory Committee on Reactor
Safeguards decided to again pursue their concerns with the Atomic
Energy Commission. To avoid angering Chairman Seaborg and the
commissioners, the committee put its concerns in a private draft letter on "Problems Arising from Primary System Rupture." The Committee wrote that if emergency cooling failed, "large portions of the
reactor core could be expected to melt," and containment integrity
would be threatened. They urged additional protection by some "independent means," and a "vigorous program of research" that should
begin immediately. Lacking that, current reactor designs should be
restricted to "rural or remote sites."
Calling for limitations on nuclear power siting in a document, even a
draft document out of the public eye, was too much for commissioners who were grooming nuclear power to take over all electricity
generation before the end of the century. In early September 1966,
the committee met with a decidedly unreceptive audience of AEC
commissioners and their senior staff. Chairman Seaborg offered to
form a task force to investigate emergency cooling failure and urged
the Committee to withdraw the draft letter until the task force reported. He told the advisory committee members – lectured would
be more accurate – that their draft letter, if made public, would have
a serious impact on the industry. This was enough to stall the safety
rebellion.
Whereas all the committee members had previously agreed to the
draft letter, by the committee’s next meeting the composition of
the group had changed. The committee dropped the letter and went
along with Seaborg’s proposal. At this point, the last link with the
AEC’s original safety concept of containment to deal with the worst
possible outcomes had been broken. The last line of defense against
large-scale radioactive contamination would now be emergency
cooling, and safety estimates would come to be couched in probabilistic terms, based on elaborate calculations on the functioning
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of complex systems of pumps and valves.611 If the public had been
aware of the change, it would surely have applauded the stronger
emphasis on emergency cooling. But it would not have been happy
about the losing the containment function as safety backstop in the
event of fuel melting.612
The AEC did form an emergency cooling task force that reported
in October 1967, but it was a long time before the agency tested
and upgraded emergency cooling systems. Meanwhile, to facilitate
licensing, accidents involving failures of emergency cooling were
deemed "incredible," which meant that public participants in agency
hearings could not raise the possibility of such failures. To further
protect license approvals in AEC public hearings, the commission
also soft-pedaled its own discussion of severe accidents – presumably to avoid the suggestion that it was unsure about their insignificance.
It was not until 1971, when Congress asked for a study to assess
the safety of nuclear power plants, that the nuclear regulator began to examine in depth severe accidents involving fuel melting.
The resulting report, WASH-1400, was published in 1975 by the
Nuclear Regulatory Commission, the Regulatory Staff’s successor.
It had taken a decade after the problem of severe accidents had been
identified before the nuclear safety regulators collected their tentative thoughts about it. And the report exaggerated the validity of its
results and was used to advertise the exceedingly small chance of an
611. There remained the possibility of evacuation, but the AEC did not plan for
this in any systematic manner. And while evacuation protected people, it did not
mitigate radioactive contamination of land areas.
612. Not everyone at the AEC was blind to the safety problems of GE BWRs.
Stephen Hanauer, as ACRS member, and later as a senior staff member, drew
attention to their problems, and eventually recommended an end to further
licensing of these plants. His proposal was met in 1972 with the ultimate rejection – from the AEC director of reactor licensing (who would later become NRC
chairman) – on grounds, a bit hysterically, that it could even lead to the end of
nuclear power altogether. I had just become a member of the AEC Regulatory
Staff at the time and have to confess I did not grasp the significance of the argument.
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accident, and therefore to confirm that there was no need to revise
regulations that ignored severe accidents. That, at least, was the situation up to the 1979 Three Mile Island accident.
The head-in-the-sand attitude about severe accidents persisted in
some quarters even after the 1979 accident. One of the first plants
up for licensing after the accident was McGuire 1, with a small and
weak "ice condenser" containment. It could not have handled the
hydrogen explosion that took place during the TMI accident.613 One
of the suggested safety additions was installation of "igniters," to
safely burn off any hydrogen formed in an accident before it reached
explosive limits.614 The three-judge NRC Licensing Board ruled that
in view of safety improvements since the TMI accident, no additional safety measures were needed. In other words, a severe accident that released hydrogen, one not "credible" before the TMI accident because it had never happened, was now not credible because
it had happened. (Of course, hydrogen explosions also occurred at
Fukushima – on live TV.) Hard as it may be to believe, when the
matter came under Nuclear Regulatory Commission review, the
position rejecting protection against hydrogen explosions received
strong support from the NRC chairman and one commissioner. As
there were at the time only four NRC commissioners, then-Commissioner Peter Bradford and I managed to reverse the Licensing
Board decision by refusing to grant McGuire 1 a license without
that protection.615

613. McGuire 1’s containment volume was about half that of the TMI 2 containment where a hydrogen burn during the March 1979 accident produced a
pressure pulse of 28 pounds per square inch. The same burn in McGuire 1 would
have produced a pulse of approximately 56 psi. McGuire’s containment was
designed to withstand 15 psi.
614. In strictly scientific terms, it was a rapid burn – a rapid advance of a flame
front – rather than an explosion. The hydrogen is formed from a reaction between hot steam and zirconium "cladding" – the long tubing that holds uranium
fuel pellets.
615. See 14 NRC 1 (1981). It is a fair question to ask why I approved a reactor
that was still vulnerable in the event of fuel melting. In general, it is difficult
to rule against an applicant that meets the same standards that others met and
received licenses unless you have new information. In the post-TMI context
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Nuclear Power’s Lean Toward the Future
It is often said that, in their hurry, nuclear power developers shortchanged the future. The standard example is their failure to prepare
waste repositories. That’s true, but in some ways the opposite is
even more true – nuclear power developers leaned too much into
the future and short-changed the present.616 The1962 AEC Report to
the president revealingly described PWRs and BWRs as "converters." That meant the AEC saw these reactors as useful principally
for producing plutonium (by converting essentially inert uranium
238 into plutonium 239), ultimately for fueling future fast breeder
reactors, whose vigorous development the AEC urged in its report.
The appeal of the fast breeder was that it would produce more plutonium than it used.617 With that goal – and it surely was Chairman
obtaining protection against hydrogen burns – which had occurred – seemed a
large advance in safety. The opinion Peter Bradford and I wrote referred to the
conclusion of the 1980 NRC Special Inquiry Group Report that half the reactor’s
zirconium reacting with hot steam. The report summary said the accident "came
close" to a core meltdown, but no one imagined any significant amount of fuel
had melted, so protecting against fuel melting seemed a more distant concern.
As it turned out, about half the core, tens of tons of uranium oxide, had melted,
but we didn’t know this for years, until investigators opened the damaged
reactor vessel. It is an open question how the commission would have ruled on
licensing had it known this soon after the accident.
616. If you look closely, even the waste issue is an example of the forward lean.
At the root of the failure, for example to choose and develop a good site for a
geologic repository, was the Energy Department’s, and the NRC’s, treatment of
the issue as basically a public relations problem standing in the way of accelerated nuclear plant licensing, the ultimate goal of which was a putative all-nuclear
future. I should mention here that for a number of years I was a consultant to the
State of Nevada helping it oppose the proposed Yucca Mountain nuclear waste
repository.
617. The fast breeder produces a sufficient neutron flux that it can irradiate a
surrounding "blanket" of uranium and convert more of it into plutonium than is
used up (fissioned) in the reactor core. It can thus, in principle, fission almost all
the uranium, as opposed to current generation light water reactors that fission not
much more than a couple of percent. The drawbacks include the weapon dangers
involved in large commercial flows of plutonium (also a nuclear explosive), difficult safety issues, and high price. In his 2001 book (Seaborg 2001, 261), Seaborg castigates Jimmy Carter for stopping work on "perfecting the fast breeder
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Seaborg’s goal618 – it is not surprising that the commission’s aim
was to install as many reactors as possible, as quickly as possible, to
produce the plutonium to fuel the ultimate stage of fast breeder reactors. It is also not surprising that the commissioners shortchanged
the safety of existing technologies – which they did, however unintentionally – as the agency saw them as mere stepping stones to
the all-nuclear, plutonium-fueled future. In 1962 the AEC estimated
fast breeder installation would start around 1980. It didn’t happen,
of course, and it still hasn’t happened, and it now looks that it will
never happen.
That hurry-the-future orientation also existed at individual utilities.
New, ever-larger construction projects soaked up top-level attention and talent, to the detriment of their operating plants. This was
brought home to me when, shortly after the 1979 accident at TMI,
I visited the Oyster Creek plant with the senior vice president of
General Public Utilities, which owned both plants. Our trip took us
past a huge hole in the ground the company had dug for the foundation of their next nuclear plant, Forked River, one the company
ultimately abandoned. Pointing grimly down the hole, the senior VP
said, "That was what caused the TMI accident."
In his 2001 book, Seaborg acknowledges, even if obliquely, the ill
reactor," as well as stopping reprocessing, the technology for extracting plutonium from spent uranium fuel, which is key to initial fueling of fast breeders.
Seaborg, G. 2001. Adventures in the Atomic Age. New York, NY: Farrar, Straus
and Giroux. https://scholar.google.com/scholar_lookup?hl=en&publication_year
=2001&author=G.+Seaborg&title=Adventures+in+the+Atomic+Age.
618. In Seaborg and Loeb (1993, 155) Seaborg writes: The economic benefits that might flow from anticipated lower electricity costs seemed to place a
premium on having breeder reactors as soon as possible. Accordingly, the AEC
early in 1967 sharply upgraded the LMFBR [Liquid Metal Fast Breeder Reactor]
program from its previous secondary status. In a report to President Johnson we
now identified it as our highest-priority nuclear development activity. Seaborg, G. T., and B. S. Loeb. 1993. The Atomic Energy Commission Under Nixon:
Adjusting to Troubled Times. New York, NY: St Martin’s Press. https://scholar.
google.com/scholar_lookup?hl=en&publication_year=1993&author=G.+T.+Sea
borg&author=B.+S.+Loeb&title=The+Atomic+Energy+Commission+Under+Ni
xon%3A+Adjusting+to+Troubled+Times.
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effects of the too-rapid rush into larger reactors: "I can’t claim to be
blameless in that my early boosterism of nuclear power may have
contributed to later problems. Because of an impatience to achieve
economic benefits quickly, US nuclear plants were prematurely escalated in size to proportions that strained the technology and magnified the potential consequences of an accident, no matter how
unlikely."619
Within a couple of years after Seaborg’s departure as AEC chairman
in 1971, all the reactors operating today had already been ordered,
all designed to AEC containment standards of the late 1960s. The
NRC, applying a rather lax standard, extended the 40-year licenses
of most of these plants, including all the plants with weak containments, for another 20 years, and has talked of the possibility of another 20-year extension after that.
People can’t be expected to be familiar with the details of containment safety, but after the 2011 Fukushima accident they are a lot
more skeptical about nuclear power and its oversight than they were
beforehand. That public skepticism has a way of translating itself
into higher nuclear cost. And of course, there is fierce competition
from other sources of energy. As a result, some nuclear plants have
closed, and owners of all but one US nuclear construction projects
have canceled. I very much doubt that there will be another US order based for a large LWR, ever.
If nuclear power is to have a future, at least in countries where people’s views count, it will have to meet the safety goal, well-expressed
in a 1965 Advisory Committee on Reactor Safeguards document:
"a practical certainty that under no circumstances will significant
amounts of fission products reach the public." It will need to meet
this goal convincingly, on basic principles, not on murky calcula619. Seaborg, G. 2001. Adventures in the Atomic Age. New York,
NY: Farrar, Straus and Giroux. https://scholar.google.com/scholar_
lookup?hl=en&publication_year=2001&author=G.+Seaborg&title=Adventures+
in+the+Atomic+Age.
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tions full of assumptions, performed by organizations with an interest in the outcome.
In a way, it would amount to returning to the 1965 fork in the road
and turning the other way.
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"The US government
insurance scheme for nuclear
power plant accidents no
longer makes sense"
Victor Gilinsky
Bulletin of the Atomic Scientists
February 26, 2020

T

he Japan Center for Economic Research, a source sympathetic to nuclear power, recently put the long-term costs of the
2011 Fukushima accident as about $750 billion. Contrast that
with the maximum of $13 billion that could be available after a catastrophic US nuclear accident under the plant owners’ self-insurance
scheme defined by the Price-Anderson Act. The Act will have to
be renewed before 2025; Congress should seize the opportunity not
only to reflect on the lack of insurance in the event of a catastrophic
accident, but also to reconsider our approach to nuclear power plant
safety altogether.
Price-Anderson620 frees nuclear plant operators and all firms involved in nuclear construction and maintenance of any liability for
offsite accident damage. The only chance for additional compensation lies in the act’s declaration that if accident damages exceed the
legal limit "Congress will thoroughly review the particular incident"
and will "take whatever action is determined to be necessary" to
provide full compensation to the public. In short, a Fukushima-level
accident would toss the costs of compensation and cleanup unto the
lap of Congress.
Is such an accident possible in the United States? The nuclear com620. See https://thebulletin.org/2011/10/nuclear-liability-the-market-based-postfukushima-case-for-ending-price-anderson/.
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munity argues that it is essentially an impossibility. It explains away
the major accidents that have occurred621 (and were similarly regarded as essentially impossible before they occurred): The 1979 Three
Mile Island accident,622 during which 60 tons of the uranium core
melted but did not release significant radioactivity; the 1986 Chernobyl623 accident, which did release huge amounts of radioactivity, but the Soviet plant had vulnerabilities not present in US-type
plants; and the 2011 Fukushima accident,624 which did release large
amounts of radioactivity and did involve US technology but was
triggered by an earthquake-tsunami combination that the United
States has not experienced.
The US nuclear safety guardian, the Nuclear Regulatory Commission, prides itself on making "risk-informed" safety decisions using
"probabilistic risk assessment." To decide whether additional protection is needed, the NRC performs a cost-benefit calculation that
weighs the benefit of reducing the risk of an accident—radiationcaused deaths and damage, expressed in dollars—against the cost of
additional protection, perhaps safety equipment, to accomplish risk
reduction. The cost of, say, additional equipment, is a comparatively
firm figure; but the dollar benefit of risk reduction is a very soft
number, which means the cost-benefit balance is suspect.
There is a more fundamental problem. Consider the NRC’s metric for risk, which underlies its approach to nuclear safety. For an
agency so devoted to "risk-informed" decision making, the NRC is
strangely vague about its a definition of risk. It says merely that risk
has to do with three questions: "What can go wrong? How likely is
it? What are the consequences?" The key question is how to combine the probability of an accident and the consequences that would

621. See https://thebulletin.org/2014/04/what-three-mile-island-chernobyl-andfukushima-can-teach-about-the-next-one/.
622. See https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/3mile-isle.
html.
623. See https://www.iaea.org/newscenter/focus/chernobyl.
624. See https://www.irsn.fr/EN/publications/thematic-safety/fukushima/Pages/
overview.aspx.
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ensue. In practice, the NRC analysts take risk to be the probable, or
average, loss per year—that is, the product of the probability of a
particular accident and the consequences (computer-estimated radiologically caused deaths and contaminated land, expressed in dollars). (This is by no means the only possible way to express a risk
goal. One may, for example, choose a figure of merit that puts more
emphasis on reducing consequences, which the NRC leaves openended.)
Average risk can be a useful measure in situations where there is
plenty of data (for example, accidents at an intersection, used in
deciding whether to put a traffic light or stop sign there). It is not,
however a realistic figure of merit where data are lacking. Nor is
the average risk the number that expresses what most people would
think represents safety.
The main public risk of nuclear power plants comes from rare but
devastating nuclear accidents. Because data on such accidents is
sparse, the probability of their occurrence has to be calculated on
the basis of a model, rather than obtained from experience. Moreover, the extent of an accident and its monetary consequences are
postulated on the basis of models that are limited by analysts’ imagination. Who would have imagined, for example, that the Fukushima
accident would involve several reactors? Or that Japan would subsequently shut down all its other nuclear power plants?
To see how the NRC approach works in detail, take a case the commissioners considered a couple of years ago: whether the possibility
of a severe fire in a reactor spent fuel pool (where highly radioactive
used fuel is stored) was reason enough to encourage plant owners to
move spent fuel out of fuel pools into dry cask storage containers as
soon as possible.
The NRC staff studied the possibility of a fire in US nuclear plants
similar to the ones that suffered the Fukushima accident. (The United States operates about two dozen such reactors, all over 40 years
old.) The staff told the commissioners that such a fire could produce
a radiological release 25 times as great as the release during the Fu-
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kushima accident (and this was not the absolutely worst case). But
the staff also estimated the probability of such an occurrence to be so
infinitesimally small that, even multiplied by the dollar value of the
harm and damage caused by a release 25 times greater than at Fukushima, the annual risk was far below the added cost of removing
spent fuel from cooling pools earlier than is now required. In other
words, there was no need to do anything, which was music to the
ears of the NRC commissioners, who resist imposing any additional
costs on the financially shaky nuclear industry.
What happened was that the NRC staff multiplied a very large number by a very small number—each a more-or-less educated guess—
to get a highly uncertain result, which the commissioners then took
at face value. One of the probability figures on the staff table of
results (the chance of a cancer fatality within 10 miles of the plant)
for a particular configuration is presented as 2 trillionths per year
(2×10-12). Or, to put it another way, if a plant kept operating forever
in that configuration, the accident might happen about once in 500
billion years. That’s once in 30 lifetimes of the universe. Do such
numbers mean anything?
Curiously, from the chairman on down, the NRC misstates the legal
standard for its safety decisions. The NRC and its staff claim their
job is to provide "reasonable assurance of adequate protection,"
whereas the standard in the Atomic Energy Act is "adequate protection." Under the law, their job is to provide adequate protection,
period. Do the commissioners think the extra cushion of "reasonable
assurance" justifies weaker regulation?
To return to the Price-Anderson Act: As we’ve seen, a catastrophic
accident would render the US self-insurance scheme for nuclear
power plants pretty much irrelevant. But the indemnification of all
industry participants would remain highly relevant: The industry
would be free of any liability for offsite death or damage, whereas
the victims would have to go hat in hand to Congress for restitution.
This is an enormous subsidy—consider, again, the $750 billion and
counting tab for Fukushima—that the federal government provides
the nuclear industry, one without which not a single US nuclear
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power plant would or could operate. Freedom from liability also has
had a perverse effect on nuclear safety. Without the liability protection of Price-Anderson, industry incentives to develop nuclear designs safer than light water reactors would surely have been higher.
Freedom from liability was put into law in the 1950s to get the US
commercial nuclear power industry off the ground. It was meant to
be temporary, until industry and insurers got some experience with
the new technology. But even as time went on, industrial organizations like General Electric and Westinghouse would not participate
in the civilian nuclear program if they risked responsibility for offsite damage from a nuclear plant accident.
This government guarantee was an understandable demand at the
outset of the nuclear age, when the risks of nuclear power were unclear and maybe a little scary. But it’s now half a century later, and
the NRC commissioners tell us that probabilistic risk assessment is
a highly developed tool. They urge their staff to make greater use
of it in making regulatory decisions. Yet the vendors continue to
maintain their insistence on freedom from liability for offsite consequences.
If you accept the NRC accident estimates, the risk the vendors
would run without an exemption from liability would be very small,
and likely a lot smaller than other corporate risks they routinely run.
What is clear is that the nuclear firms—the largest of which possess
an understanding of nuclear safety far beyond that of the public—
do not believe the NRC safety conclusions that the risk of a catastrophic nuclear accident is infinitesimal. Nor do they accept that
probable risk—probability of an accident times the consequences,
were one to occur—as the right measure of risk to their companies.
They don’t want to risk their companies, period.
If they don’t believe the NRC numbers, why should the rest of us accept them? Why shouldn’t we have the same protection from physical harm that the nuclear industry has from financial liability? And
just as the nuclear vendors will not participate on terms that do not
include indemnification from the overwhelming cost of a severe ac-
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cident, so should the public have the analogous power to only accept
future nuclear designs that can demonstrate that they preclude offsite harm. And the designs should demonstrate that level of safety in
a clear way, based on physical principles, not on complicated probabilistic calculations put forward by interested parties.
Such new designs would eliminate the current dilemma of a federal nuclear self-insurance scheme that cannot, as a practical matter,
cover the financial consequences to the public of catastrophic nuclear power plant accidents. But how to get there? One of the disincentives is the Price-Anderson Act’s limitations on industry liability for
offsite accident consequences. That should get phased out.

635

