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times.

The most effective integration of ideas is achieved initially in the mind of a
single person. In this respect narrow specialised education is unhelpful,
because it is unlikely to contribute balanced judgements between disparate
alternatives. The use of specialised expert opinions inhibits the emergence of
a melded view, because experts tend to be possessive and confident about
their own narrow fields, while naturally cautious of matters beyond their
personal knowledge. Consequently, nobody is in a position to take the far-
reaching interdisciplinary decisions, or worse, such decisions are taken
managerially or politically without technical understanding and simply on the
basis of conflated expert views. A conference or a committee leads naturally
to consensus, the least unacceptable conclusion, rather than a far-reaching
innovation. Unfortunately, in many modern societies enthusiasm for
specialised education is the norm, and many decisions are taken by
politicians after expensive expert enquiries. But such experts have their own
vested interest in building the exclusivity of their advice, often through
emphasising how difficult and demanding their speciality is. What is needed
is an overarching view that explains the simplest and most comprehensible
solution. On interdisciplinary matters like nuclear power and radiation safety
the wrong conclusions have too often been reached — but almost nobody
realises that. Here, wrong usually means unnecessary, unscientific and
expensive, but designed to achieve legal protection. When conveyed to
society at large, decisions reached in this way are defended on the basis that
knowledgeable opinion has been consulted and a consensus has been
reached. Not surprisingly, society is not always impressed and speculates
whether other motives are at work. Issues may be seen as more political than
scientific, while those involved hide behind the defence that proper
procedures were followed. In a 1966 talk to high-school science teachers
Richard Feynman famously said

Science is the belief in the ignorance of experts.

It was a provocative remark and many have been successfully provoked by it:
it implies that experts should be more thoroughly cross-examined. That is
only possible with more interdisciplinary education — more people to ask the
questions and to understand the answers critically.

Taboos, phobias and forbidden fruit

Altering ourselves

So nuclear radiation should be taken off a list of taboos. If it is treated with
care and kept isolated in the right place, we do not need to worry about it so
much — similar to our attitude to high explosives or rat poison, for example.
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But what is left by way of forbidden fruit? Are there other items on a list of
taboos whose credentials we might usefully question?

In Chapter 10 we referred to the subject of eugenics, the study of human
breeding to improve mankind's own stock. From the late nineteenth to the
mid twentieth centuries this was a taboo discussed by Hermann Muller and
others, but finally put beyond the bounds of the acceptable by the
experimental activities of Dr Mengele during the Nazi regime. Since then, the
technical possibilities have grown with the understanding of genetics and the
decoding of DNA. The subject is still taboo, but what are we afraid of? If
genetic modification is likely to give unpredictable consequences, that is
certainly reason to shun it. But is that the situation now?

In the UK, as a result of good communication, there has been public and
government approval for the 2015 application to permit the exchange of
mitochondrial DNA, thereby correcting certain genetic disorders. This is not
actually genetic modification, but the public issues are similar and it
demonstrates what can be done if taboos and phobias are set aside and
replaced by proper democratic discussion. As the effect of genetic
engineering becomes more predictable and reliable, society should have the
confidence to decide what is for the best, a step at a time.

The modification and improvement of crops is with us. Do we accept
genetically modified food? We need to ensure enough genetic diversity, so
that not all our eggs end up in one basket, so to speak. Lack of diversity
would open our supplies to attack by a single specific virus or bacterium, and
this is already a cause for some concern. Independent biologists rather than
commercial interests should answer questions and educate the public at large,
including children. We should move forward slowly, but simply saying no on
principle, as some do, is short-sighted. The taboo of genetic modification
should fade away, but we shall see whether public education is able to come
to the rescue.

And the same with nuclear-phobia. There is a precedent for moving public
policy that should make us pause. As described in Chapter 10, indiscriminate
use of the fear of radiation was used to halt the Arms Race. Indiscriminate
use of the fear of climate change should not be used to override radiation
phobia. Radiation phobia should be dismissed on its own de-merits, even if
climate change encourages us to get the right answers.

Better care for our brains

The fears that we do not have could be as important in the future as those
issues on which we lavish undue caution. For example, changing the way we
use our brains is not subject to taboos. Mind-altering drugs and alcohol are
tolerated — at least they are not the subject of as much fear as they deserve to
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be, perhaps because any effects are not inheritable. In any case, many of them
are not new on the scene. But computers and smart-phones are, and they
already invade our personalities and how we communicate and interact. As
yet, there is no knowledge of their effects on the organisation of the user's
brain and so no idea of any safety requirement that should be applied. This is
surprising — a mind that does not need to think hard, will soon become slow
and out of condition, like the body. This cannot be healthy. What sort of
accident might trigger public awareness of this question? For that matter,
what development might motivate more medical work on such questions?

Soon, it is likely that electronic real-time surveillance of our health — what
our bodies are doing — will be taken over by digital technology in a similar
way. Some developments will be beneficial, others will lead to damaging
addiction, but the lack of open public discussion of new developments seems
ill-judged. Should we not exercise more caution about the invasion of our
innermost thoughts by silicon?

Notes on Chapter 11

V" Wikipedia Anthropic Principle.



Nuclear is for Life. A Cultural Revolution 267

Chapter 12: Life without Dragons

Cheap and abundant nuclear energy is no longer a luxury, it will
eventually be a necessity for the maintenance of the human condition

Evidence and communication
Selecting sources
Personal and professional voices

What has happened
Public confidence lost by neglecting education
Climate change and the environment

Stability and influence in a society
Effect of runaway fears and fashions
Social contract for safety and stability

The way ahead
New safety standards
Enlightened education for the twenty-first century
Deployment of nuclear technology
Advances in radiobiology and clinical medicine
Working for the world or cleaning up
Professional initiatives

Notes on Chapter 12

Evidence and communication

Selecting sources

Alvin Weinberg

267
268

270
270

271
272

273
274
275
275
276
278
280

In these chapters we have followed most of the major developments that have
shaped views of the effect of radiation on health — Hiroshima and Nagasaki,
the fishing boat Lucky Dragon, Chernobyl, Goiania, Fukushima and the
experience of a century of using moderate and high radiation doses in clinical
medicine to save lives. There are the accounts of research with mice and dogs
who have received lifelong doses and doses at critical reproductive stages.
All of these fit the picture of modern radiobiology, in which life has evolved
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over thousands of millions of years specifically to cope with the dangers
posed by oxygen and ionising radiation.

But there are many other results that have been omitted with smaller radiation
doses, or a smaller number of people where the conclusions seem less certain.
Often these are published and then reported in the press as showing that such-
and-such might cause cancer, sometimes quoting a confidence level like 95%,
which may sound rather convincing. But a 95% confidence level means that
1 in 20 such results should be wrong on average, and, further, if the
experimenters made a few choices of how to analyse the data that emphasised
their result — it can happen almost without realising it — the chance of getting
the wrong answer can easily rise to 50% or more. In many sciences such
results get rejected by referees and are not published. But it would be too
much to ask the reader to follow detailed statistical arguments to expose such
fallacies here. Fortunately, that is avoidable; if a similar investigation has
been carried out with a larger dose or more subjects and no effect of the
radiation has been found, then any effect apparent for the smaller, less certain
experiment definitely is mistaken. This is why we have chosen the larger or
higher-dose experiments, and ignored the others. So, for example, there is no
discussion of child leukaemia in the neighbourhood of nuclear plants. The
studies that claim there is such an effect involve doses that are very much
smaller, even than the natural variation of the background dose from rocks
and cosmic rays ['].

Personal and professional voices

It is curious how those in Japan professionally qualified to speak out have
been reluctant to do so. As Jerry Cuttler has remarked:

It's so ironic that so much of the best research in radiobiology has
been carried out in Japan and the essence of this work has not been
communicated to the political leaders of Japan.

We have not simply followed the opinions of individuals or authorities. These
are often strident and emotional, and it is more scientific to look directly at
the data that they have access to. However, the personal testimony of an
evacuee is a primary source. The following was written two years after the
accident, 10 March 2013: [?]

...these young people, these households with children, will not
contemplate going home, they think not of returning to the village,
nor will they until the radiation level is below world standards, and it
is possible to live safely, with a sense of security, living off the fruits
of the land — until that happens, I think it is only natural to stay away
from the village, and as a parent of children myself that is the best [
can hope for. To avoid having to shut up our children and
grandchildren indoors. That seems to be something that the officials,
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cabinet ministers and bureaucrats in the capital cannot apprehend.

And as a matter of fact, although our village was a high-level
radiation zone, we accepted evacuees from Minami-Soma and some
of those from Namie whose escape had been delayed, and in each of
the village's twenty hamlets, we prepared food for those evacuees,
thinking it was aid, but we fed them irradiated food, and
unnecessarily increased their dose of internal radiation. The
possibility of internal radiation poisoning implies heavy
responsibility. We meant well .... We who gave them the emergency
supplies are full of remorse that we knew not of the danger in what
we were doing, and we pray from the bottom of our hearts that no
harm to health will result.

Nobody seems to have given the public reply that such feelings deserve. A
message of unqualified reassurance should have been given — there was no
disaster that endangered life at the Fukushima accident.

But who should give this public message? Few people have attempted to
explain the reassuring facts to the public and the press prefer to stick with the
prevailing view, as they see it. Committees do not readily change their
opinions — only individuals are able to do that. Unfortunately, many authors
who have written on the subject, even recently, have preferred to persist with
the ALARA story instead of examining the evidence [°]. The legacy of 70
years of accepted phobia is a barrier so high and nuclear energy is so
inhibiting that writers avoid answering the searching questions. Nobody
dares to stick their neck out and say what everyone must know. Take a bow,
Hans Christian Andersen — you got the story absolutely right! We all know
what happened to the Emperor's courtiers, but have not considered that the
same might apply to us personally.

So it is still true, in spite of the medical evidence, that patients receiving X-
ray scans are told by the IAEA: [*]

The risk for radiation induced cancer is low but additive. Each
examination the patient undergoes slightly increases the risk.
Keeping patient doses minimum while getting images of adequate
diagnostic quality is therefore recommended. The probability for
radiation induced cancer increases by 5-6% for every 1000 mSv of
dose. Cancer risk increase arising from most examinations is
relatively small as compared with the risk of naturally occurring
cancer which ranges between 14% and 40%.

However, this is a line with which many medical professionals around the
world profoundly disagree [°]. Risks from radiation are not cumulative as
stated.

People are reluctant openly to acknowledge this message about the safety of



270 Chapter 12: Life without Dragons

radiation, perhaps because its scope stretches beyond the expertise of each
individual or the remit of any one committee. An article submitted in
response to a request by the UK House of Commons Science and Technology
Select Committee in 2011 was posted, but its message was ignored [see
Selected References on page 279, SR9], as also have been some presentations
to the press [?]. Yet the uncommitted public and the younger generations are
interested to hear because it is a story that they have never been told before,
and they eagerly ask questions [’]. Authorities in the nuclear industry have
their own longer standing views and commitments.

What has happened

Public confidence lost by neglecting education

For many people, for as long as they can recall, the situation seemed clear —
nuclear energy is dangerous, unpopular and simply avoidable — or so it
appeared until doubts arose about the use of carbon fuels. They may still be
alarmed by the possibility of deadly radiation from nuclear weapons of mass
destruction (WMD), and such views, taken as scientific facts, are used by
unscrupulous world leaders to influence political decisions and echoed in the
media without question. Nobody has explained the scientific evidence to the
public at large, and the public has stopped asking questions. Decades ago
they lost interest and trust in voices that spoke in favour of nuclear energy. As
a result many investors in nuclear technology reached the conclusion that the
best financial returns are in contracts to decommission plants, dispose of
waste and decontaminate land. In these cases the nuclear industry has been its
own worst enemy — it has not spoken out when cornered by unscientific
regulations that have driven up costs and inflated the nuclear safety bubble.
This bubble will implode when safety is returned to a scientific basis and
costs are halved. Only restrictive regulations — and the perceived self-interest
of some third parties — stand in the way of realising carbon-free energy that is
completely safe and far cheaper [*].

Climate change and the environment

The world's expanding appetite for energy, the extra emissions involved and
the evidence for a changing climate are now changing opinions too. If
nuclear energy is shown to be both safe and necessary as the only reasonable
base-load carbon-free supply, then sooner or later public opinion will demand
changes in policy. Although there are different attitudes to radiation in each
nation, with the authorities treating safety questions as matters for local
decision, the public view of the threats to the environment is more universal,
especially among the younger generation. The incomplete solution offered by
renewables makes the case for nuclear energy more urgent. The experience of
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the French and Canadian electricity utilities has shown that carbon could be
almost eliminated from base-load supply with nuclear energy. With the
growth in electric rail and road transport, major carbon reductions are
possible. This would not halt climate change or the related release of methane
by the melting of the permafrost, but it should be the best mitigating solution
available.

Regimes such as those in Russia and China are continuing to invest in
nuclear power plants, not only in their own countries, but in client countries
around the world with less nuclear know-how. In democracies these
developments have not been heeded, but only those sections of their
industries which participate in building, investing and exporting can hope to
avoid being left behind. A lack of know-how and ownership of nuclear
energy supply form a threat to future competitiveness that many democracies
seem to have ignored.

In the short term work continues to appease public opinion by investing large
sums to make even safer the nuclear plant that has already been shown to be
safe, or to decommission it without good reason while burning carbon fuels
instead. In the medium term the bubble of this activity will burst as soon as
the public learns how the costs are inflating the price of electricity to them
and to industry, without benefit. The nuclear industry, rather than working to
unnecessary standards on waste and decommissioning, would be more
gainfully employed if it were encouraged to build the extra nuclear plant that
is needed now.

Stability and influence in a society
Effect of runaway fears and fashions

In Chapter 3 we referred to the competition between many individuals that
enables a population to survive; this is like the relationship between cells
within an individual that helps that individual to survive. The parallel can be
taken a step further by likening a society to an organism. A society is an
evolutionary product of the circumstances in which it finds itself. It reacts
and changes according to the challenges that impinge on it from time to time.
It has structure — laws, education, traditions, rights and duties — that it applies
to its members, and other norms that it applies externally to others. Its
survival depends critically on whether these reactions are fit for purpose — if
they fail to support its members, the society as a whole risks being invaded,
economically, culturally or militarily. If it is swallowed up in some way, it
loses its identity to another.

It is a moot point whether society thinks and acts effectively with purpose in
anticipation of attacks upon it — that is a supposition, but does it happen?
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Large sections of most societies behave reactively in pursuit of individual and
personal objectives only, and an effective society is one that is able to
channel such self-centred ambition to the good of the society as a whole.
Many activities within the society are benign, even if they are not motivated
by the common good. However there are others that increasingly drain the
resources of the society, and cause public opinion to polarise in support of an
irrational objective. These behave like malignant tumours, weakening the
society and making it more likely to fall foul of some different hazard or
suffer a steep decline in fortune.

Runaway inflation is an example, and a housing bubble with a building spree
is another. Then the imperative is to do what everyone else is doing with all
possible speed. This drives instability and leads to disastrous results. An
irrational horror of radiation is a further example. The cost to the Japanese
economy of keeping 50 reactors on stand-by and substituting fossil fuel is
30,000 million dollars per year [’]. The costs of the German policy of closing
all their reactors by 2022 is less easy to read since about half continue,
weighed down by extraordinary taxes.

When the irrational fear of nuclear energy spreads to a copy-cat fear of
mobile phone masts and electricity pylons, because the label radiation is used
in their description, then the disease has metastasised, like a cancer, and is
liable to infect the perception of any application of modern science.

Social contract for safety and stability

In a society the people may contract to uphold the stability of the society in
exchange for the safety that it can provide and for the personal freedom to
bargain for the resources to satisfy their reasonable needs for food and
shelter. The people also need employment to earn money and fulfil their side
of the contract. Either by paying through taxation or by paying directly,
people should be able to buy education to optimise their employment, present
or future; and in a similar way they need access to health care.

If people are dissatisfied with their contract, the stability of society is at risk.
Unemployment and inadequate education are likely causes; so too are disease
and ill health. But controlling people through rules and laws does not add to
motivation in the way that understanding does; the contribution of rules to
stability is authoritarian, while understanding brings resilience and inbuilt
assent. Education boosts confidence and provides an understanding of safety,
without which it is no more than a set of rules to be obeyed.

Education makes democracy possible, because the people can then
understand the issues. Over the decades, as science and technology have
moved forward, the education level needed for a stable democracy has risen.
Insofar as citizens have decided to turn their backs on any understanding of
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science, democratic opinion has become uninformed and a source of
instability.

Motivating people by regulation is less effective than by understanding, but
what use can be made of money? Society can control behaviour with money
more flexibly than with law. Instead of outlawing waste or litter, we could
cost it according to whether it is hazardous. More generally cost would relate
to availability, as well as the related enhancement of life or risk of death. This
is a childish economic model, but we may learn a little by sketching it.
Discharging biological waste would be very expensive. Many would never be
able to pay, but this flags up the difficulties of this type of solution. Dumped
chemical waste, and any form of carbon burning would be expensive, too,
because of the effect on the environment. Fresh water should be expensive, as
it is essential and often in seriously short supply. Penalising long-distance
travel would cut the spread of diseases and encourage the substitution of
electronic communication, which should be free. By these criteria nuclear
waste would not be very costly, given that in quantity it is a millionth of
fossil-fuel waste per unit of electrical energy, it would have no effect on the
environment and would be recycled leaving only the small amount of
unusable fission waste to be buried. But what about energy itself? To the
extent that it is emission-free it ought to be free at source — energy, too cheap
to meter, at last [*]. These suggestions may not currently be feasible but they
indicate the direction in which to move.

The way ahead

New safety standards

Natural radioactive decay heats the Earth and drives tectonic plates,
earthquakes and tsunami, creating the real disaster of March 2011 in Japan.
The radioactive decay heat of the reactors at Fukushima, a contained local
problem, harmed no one and was not a disaster at all. For years scientific
opinion has stood by and watched while antinuclear-inspired political fear
has run riot, wasting enormous resources and diverting attention from the real
global threats to civilisation: socio-economic stability, environmental change,
population, food and fresh water. Science should speak, and should have
spoken earlier.

Science, not the result of litigation or a popular political vote, is the only firm
basis for radiological safety and genuine reassurance. The international
authorities (ICRP, UNSCEAR and IAEA) should change the philosophy of
their recommendations to relate to real dangers, which would ensure that the
world does not continue to be spooked by the one major energy source that
could support future socio-economic stability without damage to the
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environment. They should discard the use of the LNT idea altogether and
replace it by the use of thresholds. The science base of the LNT model has
been shown to be bogus and incompatible with modern biological science; its
predictions do not fit the evidence.

Today it is known that there is no substantial risk for an acute dose less than
100 mGy, nor for chronic dose rates of less than 100 mGy per month. This
turns out to be close to the threshold equivalent to 60 mGy per month set by
ICRP in 1934. The maximum risk-free lifelong dose is not completely clear,
but present evidence suggests that it is at least 5,000 mGy. These thresholds
are arguable to factors of two or three, but, used in place of the fearful
ALARA/LNT regulations, they should reduce social stress and defuse the
exaggerated concerns and expense related to waste and decommissioning. In
this way the public would be relieved of the excessive utility charges that
arise from irrational regulations that do not contribute to safety in any way.

Equally they should be reassured that any diagnostic radiation scans that
might be recommended are without any risk of cancer (up to about 10 per
month) and their radiologists should be similarly reassured.

A fresh international outlook is needed that concentrates on climate, the
environment and scientific education which includes radiation, biology and
nuclear science. Current committees with an obsession for nuclear safety
should be replaced by new ones with a remit to engage with actual risks
instead of hypothetical ones.

Enlightened education for the twenty-first century

Programmes are needed to educate the public and explain how ionising
radiation benefits everybody through medicine, carbon-free power,
desalination and food preservation. To build trust this education should best
come not from government or industry but through medical, university and
school teachers, free of any suggestion of vested interest. A vital first step is
to ensure that these teachers themselves are up to speed. Education takes time
because it has to spread out from its sources. But social media and the press
can speed this process. When informed and motivated, the press can spread
understanding and confidence about science that may determine whether
civilisation survives the coming challenges. The easy ignorance and
reluctance to investigate that have blighted press-reporting of the nuclear
story should not be accepted or continue — and the same applies to GM crops
and other demanding matters on which our future depends. Still, the main
thrust of education should come through schools and universities. This calls
for worldwide support from disinterested academic bodies and philanthropic
foundations, as well as national governments.
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Deployment of nuclear technology

It is already late to benefit the environment by converting static power
generation provided by carbon fuels to nuclear, but it should be done with
minimal further delay. Nuclear plants that are idle should be restarted; further
questions should be asked about those that have recently been closed on
economic or safety grounds — judgements of the finance and the safety of
nuclear power are suspect.

In the short term, new power plants should be built to available designs.
Which design should be preferred is a commercial decision, but any such
decision should be eased, planning and building times reduced and final costs
lowered, with a proper relaxation of the present obsession with safety.

In the medium and longer term, fast-neutron reactors should be used to close
the fuel cycle. This is not a new possibility, although there are a number of
competing designs — earlier ones available now and newer ones that require
further development. Some designs are said to be safer, but what is important
is the higher rates of fuel burn-up, the ability to use recycled fuel from light-
water uranium plants, redundant weapon fuel, plutonium, thorium, and
depleted uranium ['°]. With recycling and current reserves of uranium and
thorium, the world has an abundant supply of fission fuel for hundreds of
years. The intense competition between new designs will be resolved by
relative cost, reliability and availability — for instance, the economies that
come through the use of modular off-site construction techniques. Whichever
is chosen, the safety of ionising radiation and uneducated public sensitivity to
it should not be the criteria.

Eventually fusion power will be available, but even before that, the pursuit of
energy supplies that has dominated world politics and economics for
hundreds of years should be over. The resource in shortest supply will be
educational. Know-how and scientific understanding are not conserved; they
can be spread by contact, by teaching, in fact.

Advances in radiobiology and clinical medicine

To support the picture of radiation impacting living tissue, we have tried to
give evidence and argument instead of simply quoting authority. The reader
has been encouraged to make up his or her own mind without undue reliance
on what others have said or written. But now to sum up the biological effect
of radiation, we quote Otto Raabe [''], Emeritus Professor at University of
California, Davis, in the fields of Radiation Biology and Biophysics. He was
President of the American Academy of Health Physics (1989) and President
of the Health Physics Society (1997). In 2014 he wrote: ["*]

lonizing radiation carcinogenesis is not a stochastic one-cell
transformation and is not a function of cumulative dose but rather a
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whole organ process and a precise function of lifetime average dose
rate to the sensitive family of organ cells. It is not a linear function of
cumulative dose as is usually wrongly assumed.

In clinical medicine there is widespread concern at the effect that radiation
phobia has on patients who express undue concern about diagnostic scans
that would be in the interest of their health and without risk. It is clear that
the public education that is needed to provide reassurance about nuclear
power is also important for the acceptability of radiation for personal health.
There is no need for research on the dangers of diagnostic scanning.

But there is scope for further research on the therapeutic effect of low-dose
radiation (LDRT). This is distinct from the usual high-dose radiotherapy
(HDRT) used to target and cure an identified cancer. With diffuse beam
LDRT cancers may be prevented or suppressed by stimulating the immune
system, that is hormesis ["*]. More may be learned of the beneficial effects of
such doses that many seem to enjoy at radon health spas. In any event this is
peripheral to radiological safety and the use of nuclear power.

Working for the world or cleaning up

What to do with radioactive waste is a small problem that has exercised the
public and over-excited the media. It is small because there is so little of it
and also because it has a clean accident record. More importantly, it is
valuable, because only about 1% of the fuel in it has been used. It would be
better named slightly used fuel. With the advent of more fast-neutron reactors
it will be burned up producing more energy. That will leave only the fission
waste that really is spent and needs to be buried for a few hundred years
before its activity returns to the level found in natural ores. The hullabaloo of
vast and expensive spent fuel storage far underground appears to be a make-
work project. Almost any mine that is reasonably dry should suffice.

Far more hazardous are some accidents in the fossil-fuel industry. An internet
search for the names Centralia, a town in Pennsylvania, USA and Morwell,
another in Victoria, Australia, reveal extraordinary stories. The coal seam
under Centralia has been burning out of control ever since 1962 when it was
carelessly ignited. As a result the entire town, 1.6 square km, has been
abandoned and the US Postal Service has revoked its ZIP code, 17927. Such
is the power of coal to force a town off the map. The fire at Morwell was
ignited in February 2014 and burned for 45 days before it was put out.

Interested parties in the fossil-fuel industries have reason to thank the
imposition of radiation safety levels that have suppressed the resurgence of
nuclear power (see Illustration10 on page 11). Public reactions in Japan and
Germany against nuclear power have come as a bonus for them. But the
public and the rest of the economy have the prospect of the higher electricity
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prices that arise solely from expenditure on absurd nuclear safety levels to
cover non-existent threats. The international committees retain their status
and influence while everybody else suffers and the environment receives
elevated carbon emissions.

But surely the nuclear industries object to this situation that prices them out
of their market? It seems not. They are powerless to take on the regulators.
Only the health scientists and other academics can attempt that. In the
meantime radiation phobia swells the nuclear work force with much extra
activity in the name of decommissioning and nuclear waste disposal, and then
all the extra safety upgrades to existing plants. It appears easier to the nuclear
industry to take contracts for these tasks than to engage with the construction
of new plant and the real commercial risks of designing and promoting a new
nuclear reactor. As they rightly say some investors will get their fingers burnt
by the variety of competing designs and the costs of complying with
regulations. The competition is intimidating and the regulation is out of hand
because of ALARA safety and the safety payroll.

The following numbers show in a simple way how the majority of talent in
the nuclear industry is concerned with safety compliance and
decommissioning of nuclear power stations, not with designing and building
the new ones that are needed to reduce the damage to the climate. It gives
only a crude snapshot but consider the number of members of the LinkedIn
Nuclear Safety Group and the interests they are signed up for: 5,998 are
interested in nuclear decommissioning, but only 2,666 are interested in new
nuclear reactor designs (as of September 2015). The nuclear industry and the
regulatory authorities should concentrate on the work that needs to be done
and stop living off contracts to mollify public fears.

Consider what would happen in the event of an unlikely repeat of an accident
like Fukushima. The owners of the plant would lose their investment, but
there would be no human radiation disaster, just as there was no such disaster
in March 2011, only an ill-informed panic with inept action by authorities
worldwide.

A real disaster? That description matches what happened:

* at the site of the dam failure in 1975 at Shimantan in China with
170,000 casualties;

¢ at Bhopal in India where in 1984 at least 3,787 were killed and
558,125 were injured by gases leaked from a chemical pesticide
plant;

* at Deep Water Horizon in 2010 when an oil-drilling platform
exploded, killing 11 crewmen, leaving an ocean-floor well gushing
oil out of control for five months and polluting an entire region of the
Gulf of Mexico;
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* at the coal mine accident at Soma, Turkey, in 2014 with 301
fatalities;

* at Tianjin, China, in August 2015, when 173 died in fires and
chemical explosions in a warehouse at the port.

The way the world reacted to the Fukushima accident was a disaster, but the
nuclear accident itself certainly was not. We have to do better in
understanding dangers because civilisation has bigger problems to worry
about.

Professional initiatives

There are professionals around the world who are acutely aware of the
mistake that has been made in adopting the LNT model and ALARA. These
include medical doctors, engineers, physicists, biologists and senior safety
officers. They come from universities, government research laboratories,
hospitals and industry. An international ad hoc group is Scientists for
Accurate Radiation Information (SARI) with about 70 members from
Canada, Poland, USA, Germany, UAE, UK, Japan and Israel, among other
countries ["*]. Its objectives include publishing appropriate rebuttals to
unscientific articles that appear in the press and also in journals. These are
often based on LNT ideas and need to be challenged in writing or in lectures,
interviews and debates, whenever an opportunity presents itself. The group is
also concerned by the curtailment of low-dose radiation research in USA, the
distortion of the nuclear power debate, public education about radiation and
the use of safety criteria that are not science-based and encourage fears of
beneficial medical procedures and of radon in homes.

Members of the SARI group, individually and collectively, have also taken
the initiative by writing to politicians, committees and public bodies. In
particular, three petitions have been made to the US Nuclear Regulatory
Commission (NRC) to amend its regulation of radiological safety that is
currently based on the LNT hypothesis. The first ['*] by Carol Marcus,
Professor of Oncology at UCLA, describes how the LNT model assumes that
all radiation absorbed doses, no matter how small, have a finite probability of
causing a fatal cancer and that this enables regulators to feel justified in
ratcheting down permissible worker and public radiation levels, either
through actual dose limits or use of the ALARA principle, giving the illusion
that they are making everyone safer (and creating ever increasing workload
for themselves and their licensees). But she says that there has never been
scientifically valid support for this LNT hypothesis since its use was
recommended by the U.S. National Academy of Sciences Committee on
Biological Effects of Atomic Radiation (BEAR I)/Genetics Panel in 1956 and
that the costs of complying with these regulations are enormous. Marcus
argues that ALARA should be removed entirely from the regulations because
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it makes no sense to decrease radiation doses that are not only harmless but
may be hormetic. For the same reason no distinction should be made in
regulations between safety for the public and the workers. Equally no
distinction should be made for doses to pregnant women, embryos and
foetuses, and children under 18 years of age.

The other two petitions were also from members of SARI. The one submitted
by Mohan Doss was signed by 24 members of SARI and made additional
points: any potential future accident involving release of radioactive
materials in the USA would likely result in panic evacuation because of LNT-
model-based cancer fears and concerns, resulting in considerable casualties
and economic damage such as have occurred in Fukushima. Recognition of a
threshold dose by NRC would obviate the need for such panic evacuations,
associated casualties, and economic harm when radiation is released in the
environment.

On 23 June 2015 the NRC responded by inviting public comment ['*]. On 6
September I submitted a comment including the following:

The use of LNT and ALARA is not a domestic US matter. In the 1950s
the world looked to the US for scientific leadership. In this case, the
institutions of the US have been found wanting, not just by neglect
but by deception, as exposed in the published work of Edward
Calabrese. The reputation of the US and its scientific integrity is at
stake: the US NRC should correct this error and put its house in
order for the benefit of the world: its health, environment and socio-
economic well-being.

The repudiation of LNT and ALARA would encourage the spread of
public education and the realisation that 70 years of cultural fear of
nuclear science have had little scientific justification and have
restricted opportunities, principally at the expense of the free world.

These and other initiatives are being pressed, and will continue to be pressed.
Inevitably there are responses of fear and disbelief from the public. However,
these are visceral reactions, not based on science. No doubt there will be
responses of extreme caution emanating from various committees who are
unable to contemplate the possibility of radical change. These too are
expected, but their conservatism has to be measured against the social and
economic damage and loss of life that extreme caution causes, as for example
at Fukushima and to the environment as a whole.

There are no nuclear dragons to fear — but then there never were. The only
dragon is the blind application of the Precautionary Principle.



280 Chapter 12: Life without Dragons

Notes on Chapter 12

2)

3)

4)

5)

6)

7
8)

9)

10)
11
12)

13)

14)

15)

16)

Epidemiological evidence of childhood leukaemia around nuclear power plants
Janiak MK Dose Resp 12 349 (2014) www.ncbi.nlm.nih.gov/pubmed/25249830
The Rage of Exile: In the Wake of Fukushima. Shoji Masahiko (trans. T.Gill) The
Asia-Pacific Journal, 9 Dec 2013  http://japanfocus.org/-Tom-Gill/4046

The Age of Radiance. Rise and Fall of the Atomic Era Craig Nelson (2014)
http://books.simonandschuster.co.uk/The-Age-of-Radiance/Craig-
Nelson/9781451660449

IAEA advice (2002)
https://rpop.iaca.org/RPOP/RPoP/Content/Documents/Whitepapers/leaflet-x-
rays.pdf

Does imaging technology cause cancer? Debunking the Linear No-Theshold
Model Siegel JA and Welsh JS, Tech Cancer Res Treat, (2015 March 30) [epub
ahead of print] _http://www.ncbi.nlm.nih.gov/pubmed/25824269?dopt=Abstract
Time for the scientific, environmental and economic truth about nuclear power
Wade Allison, Foreign Correspondents Club Japan Press Conference 3 Dec 2014

https://www.youtube.com/watch?v=A2syXBI 8xG0&list=UUaY3 1 Acbd
k1WUQM304VCZg with summary handout

http://www.radiationandreason.com/uploads//enc FCCJHandout.pdf

Videos and lectures on www.radiationandreason.com

The description Energy too cheap to meter is attributed to Lewis Strauss when he
was describing the prospect of fusion power in 1954. In that year as a member of
the US Atomic Energy Commission, Strauss lead the opposition to the renewal of
Oppenheimer's security clearance.

April 2015 the Institute of Energy Economics, Japan (IEEJ) reported
http://www.world-nuclear.org/info/Country-Profiles/Countries-G-N/Japan/

http://terrapower.com/pages/technology
http://hpschapters.org/ncchps/Raabe%20Short%20Bi0%202012.pdf
http://journals.lww.com/health-
physics/Citation/2014/12000/Concerning_Radiation Carcinogenesis.26.aspx

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2477702/
http://radiationeffects.org

Carol Marcus to US NRC http://radiationeffects.org/wp-
content/uploads/2015/03/Hormesis-Petition-to-NRC-02-09-15.pdf

Nuclear Regulatory Commission Federal Register Vol. 80, No. 120, Tuesday,
June 23, 2015 Proposed Rules 10 CFR Part 20

[Docket Nos. PRM-20-28, PRM-20-29, and PRM-20-30; NRC-2015-0057]
Linear No-Threshold Model and Standards for Protection Against Radiation

http://www.regulations.gov/#!docketDetail:D=NRC-2015-0057



http://www.ncbi.nlm.nih.gov/pubmed/25249830
http://www.ncbi.nlm.nih.gov/pubmed/25249830
http://www.regulations.gov/#!docketDetail;D=NRC-2015-0057%20
http://radiationeffects.org/wp-content/uploads/2015/03/Hormesis-Petition-to-NRC-02-09-15.pdf
http://radiationeffects.org/wp-content/uploads/2015/03/Hormesis-Petition-to-NRC-02-09-15.pdf
http://radiationeffects.org/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2477702/
http://journals.lww.com/health-physics/Citation/2014/12000/Concerning_Radiation_Carcinogenesis.26.aspx
http://journals.lww.com/health-physics/Citation/2014/12000/Concerning_Radiation_Carcinogenesis.26.aspx
http://hpschapters.org/ncchps/Raabe%20Short%20Bio%202012.pdf
http://terrapower.com/pages/technology
http://www.world-nuclear.org/info/Country-Profiles/Countries-G-N/Japan/
http://www.radiationandreason.com/
http://www.radiationandreason.com/uploads//enc_FCCJHandout.pdf
https://www.youtube.com/watch?v=A2syXBL8xG0&list=UUaY31Acbdk1WUQfn304VCZg
https://www.youtube.com/watch?v=A2syXBL8xG0&list=UUaY31Acbdk1WUQfn304VCZg
https://www.youtube.com/watch?v=A2syXBL8xG0&list=UUaY31Acbd
http://www.ncbi.nlm.nih.gov/pubmed/25824269?dopt=Abstract
https://rpop.iaea.org/RPOP/RPoP/Content/Documents/Whitepapers/leaflet-x-rays.pdf
https://rpop.iaea.org/RPOP/RPoP/Content/Documents/Whitepapers/leaflet-x-rays.pdf
http://books.simonandschuster.co.uk/The-Age-of-Radiance/Craig-Nelson/9781451660449
http://books.simonandschuster.co.uk/The-Age-of-Radiance/Craig-Nelson/9781451660449
http://books.simonandschuster.co.uk/The-Age-of-Radiance/Craig-Nelson/9781451660449
http://books.simonandschuster.co.uk/The-Age-of-Radiance/Craig-Nelson/9781451660449
http://books.simonandschuster.co.uk/The-Age-of-Radiance/Craig-Nelson/9781451660449
http://japanfocus.org/-Tom-Gill/4046
http://www.ncbi.nlm.nih.gov/pubmed/25249830
http://www.ncbi.nlm.nih.gov/pubmed/25249830

Nuclear is for Life. A Cultural Revolution Review Edition 281

Selected References

[SR1] Book by David MacKay Sustainable Energy — Without the Hot Air UIT
Cambridge Ltd 2009 http://www.inference.eng.cam.ac.uk/sustainable/book/tex/cft.pdf
[SR2] Book by Henriksen, Radiation and Health, 2015 edn.
http://www.mn.uio.no/fysikk/tjenester/kunnskap/straling/radiation-and-health-
2015.pdf

[SR3] Book by Wade Allison Radiation and Reason, the Impact of Science on a
Culture of Fear, 2009 http://www.radiationandreason.com

[SR4] Book by John Mueller Atomic Obsession: Nuclear Alarmism from Hiroshima
to Al-Qaeda ISBN 978-019983709 (2012) Oxford University Press

[SR5] Reference article by World Nuclear Association Nuclear Radiation and Health
Effects http://www.world-nuclear.org/info/Safety-and-Security
/Radiation-and-Health/Nuclear-Radiation-and-Health-Effects/

[SR6] Documentary by formerly anti-nuclear environmentalists who have changed
their views Pandora's Promise, by Robert Stone http://pandoraspromise.com/

[SR7] Video on Chernobyl wildlife (2012) Discovery Channel

http://t.co/puM2rwyBMH, also at https://www.youtube.com/watch?v=IEmms6vn-p8
and triggered pictures of wildlife at Chernobyl (2015)

http://www.bbc.co.uk/news/science-environment-32452085

[SR8] Article by Wade Allison We should stop running away from radiation
(26 March 2011) BBC http://www.bbc.co.uk/news/world-12860842

[SR9] Submission by Wade Allison to UK House of Commons Select Committee

http://www.publicationsparliament.uk/pa/cm201012/cmselect/cmsctech/writev/risk/m
04.htm

[SR10] Book by Mary Mycio Wormwood Forest, a natural history of Chernobyl.



http://www.mn.uio.no/fysikk/tjenester/kunnskap/straling/radiation-and-health-2015.pdf
http://www.mn.uio.no/fysikk/tjenester/kunnskap/straling/radiation-and-health-2015.pdf
http://www.bbc.co.uk/news/science-environment-32452085
http://t.co/puM2rwyBMH
https://www.youtube.com/watch?v=IEmms6vn-p8
http://pandoraspromise.com/
http://www.inference.eng.cam.ac.uk/sustainable/book/tex/cft.pdf
http://www.publicationsparliament.uk/pa/cm201012/cmselect/cmsctech/writev/risk/m04.htm
http://www.publicationsparliament.uk/pa/cm201012/cmselect/cmsctech/writev/risk/m04.htm
http://www.publicati/
http://www.bbc.co.uk/news/world-12860842
http://www.world-nuclear.org/info/Safety-and-Security/Radiation-and-Health/Nuclear-Radiation-and-Health-Effects/
http://www.world-nuclear.org/info/Safety-and-Security/Radiation-and-Health/Nuclear-Radiation-and-Health-Effects/
http://www.world-nuclear.org/info/Safety-and-Security
http://www.radiationandreason.com/

282 Nuclear is for Life. A Cultural Revolution Review Edition

Glossary

adaptation

AHARS

ALARA

alchemy
ANS
ARS

astrology

BEIR or BEAR
Bq

brachytherapy

chain reaction

chemotherapy
CND

CT scan
DNA

DSB

ESR

when the response learns

a radiation safety acronym, As High As Relatively Safe, for
radiation dose safety thresholds suggested here (and also in
Radiation and Reason, SR3)

a radiation safety acronym, As Low As Reasonably
Achievable, based on LNT ideas and favoured by ICRP,
IAEA, UNSCEAR, NRC and others

the pseudo-science that attempts to turn base metals into
silver or gold

American Nuclear Society
Acute Radiation Syndrome

The pseudo-science that attempts to foretell earthly
happenings from the position of Sun, Moon, planets and
stars

Committee of NAS: Biological Effects of Ionising
Radiation, Genetics Panel, including report of 1956

a radioactive decay rate, one per second

radiotherapy where the radiation comes from an implanted
or internal radioactive source

a reaction that progressively sets itself off, like the ignition
of fire by a flame that then catches. Also, a neutron
stimulated fission reaction of U-235 or Pu-239

drug based cancer therapy

Campaign for Nuclear Disarmament

a 3-D radiation scan using an external X-ray beam
de-oxyribonucleic acid

a double strand break (of DNA)

Electron Spin Resonance. Like NMR but measures unpaired
electrons, caused by irradiation of teeth or bone, for
example
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functional
image

Gy or gray
HDRT

hibakusha

hormesis

HPS
IAEA
ICRP
INES
IPCC
LDRT

LET

linearity

LNT

megaton

metastasise
mGy
morbidity
MRI

mSv

NAS
NCRP
NMR
NOAEL

a medical image that differentiates tissue by activity

a fundamental measure of accumulated radiation energy
dose. 1 gray = 1 Joule per kg, that is 1 watt-second per kg.
High-Dose Radio Therapy, conventional RT.

survivors of Hiroshima and Nagasaki, literally explosion-
affected people.

stimulation of enhanced natural protection by a history of
low radiation doses or other stress agents

Health Physics Society

International Atomic Energy Agency (Vienna, Austria)
International Commission for Radiological Protection
International Nuclear Event Scale

Intergovernmental Panel on Climate Change
Low-Dose Radio Therapy

Linear Energy Transfer: the deposited energy density along
an ionisation track

a process in which each causal element contributes its own
independent additive effect unmodified by others

Linear No-Threshold hypothesis or model favoured by
ICRP and followers

the energy of a nuclear weapon equivalent to a million tons
of high explosive TNT

the late spread of cancer via the bloodstream

a milligray, a thousandth of a Gy

a diseased state

Magnetic Resonance Imaging, a 3-D scan using NMR

a millisievert, 1/1000 sievert: a calculated value for tissue
damage based on the LNT model

National Academy of Sciences (USA)

National Commission for Radiological Protection (USA)
Nuclear Magnetic Resonance, the basis of MRI.

No Adverse Effects Level, a threshold similar to AHARS
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NRC
organelle

palliative
treatment

PET scan
radiolysis
RF

ROS

RT

SARI

SMR
SPECT scan

SRI
SSB

Sv or sievert

TEPCO
threshold
UNSCEAR

US FDA
uv
WHO

WNA

Nuclear Regulatory Commission (USA)
a sub-cell in a biological cell with a special function,
especially mitochondria for energy production

therapy treatment given to delay the spread of cancer

Positron Emission Tomography

molecular break-up by ionising radiation

Radio Frequency (of an Electromagnetic Wave)

Reactive Oxidative Species

radiotherapy: radiation treatment to kill (treat) cancer cells

Scientists for Accurate Radiation Information, an
international multidisciplinary group of professionals

Small Modular Reactor
Single Photon Emission Computed Tomography

Society for Radiation Information, a Japanese group of
scientists and others

Single strand breaks (of DNA)

a measure of radiation damage based on the LNT
assumption. For beta or gamma 1 Sv =1 Gy

Tokyo Electric Power Company, the owners of Fukushima
Daiichi nuclear power plant

maximum stimulus for which there is no (negative) effect

United Nations Scientific Committee on the Effects of
Atomic Radiation

US Food and Drug Administration
ultraviolet

World Health Organisation (Geneva, Switzerland)

World Nuclear Association (London)
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Glossary

adaptation

AHARS

ALARA

alchemy
ANS
ARS

astrology

BEIR or BEAR
Bq

brachytherapy

chain reaction

chemotherapy
CND

CT scan
DNA

DSB

ESR

when the response learns

a radiation safety acronym, As High As Relatively Safe, for
radiation dose safety thresholds suggested here (and also in
Radiation and Reason, SR3)

a radiation safety acronym, As Low As Reasonably
Achievable, based on LNT ideas and favoured by ICRP,
IAEA, UNSCEAR, NRC and others

the pseudo-science that attempts to turn base metals into
silver or gold

American Nuclear Society
Acute Radiation Syndrome

The pseudo-science that attempts to foretell earthly
happenings from the position of Sun, Moon, planets and
stars

Committee of NAS: Biological Effects of Ionising
Radiation, Genetics Panel, including report of 1956

a radioactive decay rate, one per second

radiotherapy where the radiation comes from an implanted
or internal radioactive source

a reaction that progressively sets itself off, like the ignition
of fire by a flame that then catches. Also, a neutron
stimulated fission reaction of U-235 or Pu-239

drug based cancer therapy

Campaign for Nuclear Disarmament

a 3-D radiation scan using an external X-ray beam
de-oxyribonucleic acid

a double strand break (of DNA)

Electron Spin Resonance. Like NMR but measures unpaired
electrons, caused by irradiation of teeth or bone, for
example
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functional
image

Gy or gray
HDRT

hibakusha

hormesis

HPS
IAEA
ICRP
INES
IPCC
LDRT

LET

linearity

LNT

megaton

metastasise
mGy
morbidity
MRI

mSv

NAS
NCRP
NMR
NOAEL

a medical image that differentiates tissue by activity

a fundamental measure of accumulated radiation energy
dose. 1 gray = 1 Joule per kg, that is 1 watt-second per kg.
High-Dose Radio Therapy, conventional RT.

survivors of Hiroshima and Nagasaki, literally explosion-
affected people.

stimulation of enhanced natural protection by a history of
low radiation doses or other stress agents

Health Physics Society

International Atomic Energy Agency (Vienna, Austria)
International Commission for Radiological Protection
International Nuclear Event Scale

Intergovernmental Panel on Climate Change
Low-Dose Radio Therapy

Linear Energy Transfer: the deposited energy density along
an ionisation track

a process in which each causal element contributes its own
independent additive effect unmodified by others

Linear No-Threshold hypothesis or model favoured by
ICRP and followers

the energy of a nuclear weapon equivalent to a million tons
of high explosive TNT

the late spread of cancer via the bloodstream

a milligray, a thousandth of a Gy

a diseased state

Magnetic Resonance Imaging, a 3-D scan using NMR

a millisievert, 1/1000 sievert: a calculated value for tissue
damage based on the LNT model

National Academy of Sciences (USA)

National Commission for Radiological Protection (USA)
Nuclear Magnetic Resonance, the basis of MRI.

No Adverse Effects Level, a threshold similar to AHARS
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NRC
organelle

palliative
treatment

PET scan
radiolysis
RF

ROS

RT

SARI

SMR
SPECT scan

SRI
SSB

Sv or sievert

TEPCO
threshold
UNSCEAR

US FDA
uv
WHO

WNA

Nuclear Regulatory Commission (USA)
a sub-cell in a biological cell with a special function,
especially mitochondria for energy production

therapy treatment given to delay the spread of cancer

Positron Emission Tomography

molecular break-up by ionising radiation

Radio Frequency (of an Electromagnetic Wave)

Reactive Oxidative Species

radiotherapy: radiation treatment to kill (treat) cancer cells

Scientists for Accurate Radiation Information, an
international multidisciplinary group of professionals

Small Modular Reactor
Single Photon Emission Computed Tomography

Society for Radiation Information, a Japanese group of
scientists and others

Single strand breaks (of DNA)

a measure of radiation damage based on the LNT
assumption. For beta or gamma 1 Sv =1 Gy

Tokyo Electric Power Company, the owners of Fukushima
Daiichi nuclear power plant

maximum stimulus for which there is no (negative) effect

United Nations Scientific Committee on the Effects of
Atomic Radiation

US Food and Drug Administration
ultraviolet

World Health Organisation (Geneva, Switzerland)

World Nuclear Association (London)
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