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Why do we need nuclear?

  more energy and less waste: million times less than fossil fuel
  waste containment: not released (unlike fossil fuel)
  fuel supplies: from Aus/Can, not Middle East/Russia like oil/gas
  climate effect: none (unlike all fossil fuel)
  output: high, 24/7, anywhere or weather, (unlike renewables)
  technology: safe, available and known, (unlike carbon capture)
  impact: compact (unlike windfarms)
 health impact: almost entirely the direct and indirect effects of fear of 

radiation and radioactivity eg waste          , or food            and 
evacuation             regulations following an accident
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What about the nuclear waste?

Canister volumes showing weight of
waste per person per day (UK figures)

30 kg
CO2 waste

from fossil fuels

2 kg
biological

waste

1/4000 kg 
high level nuclear waste

CO2 and burning: Waste released directly 
into the air driving climate change.

Out of control fires (thermal chain reaction)
cause thousands of deaths each year

Faeces and disease: Waste released directly into
the environment (water). Uncontrolled disease

(biological chain reaction) causes millions of deaths

Nuclear waste: Contained and suitable for safe burial. 
No increase outside a working nuclear reactor. 

In 50 years only 50 deaths (Chernobyl). 
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?
Why do people fear radiation?  

Basis of this fear:
1. Fear of aftermath of a nuclear holocaust. 
An effective Cold War message that frightened everybody at the time.
2. You cannot feel nuclear radiation.
But the cells of your body can - and then repair the damage, too. 
3. The Regulations warn of radiation dangers. 
We will look at that. There is a misunderstanding here, for which many
of us are responsible, in part.     
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What is the most important question? All else follows

.

What is the effect of radiation on life?
Both data and understanding.

Risk assessment.
Public acceptance.
Safety regulations.
Working practices.

Waste.    Costs.

    Terrorists, 
Rogue states.

 Dirty bomb threats.
Nuclear blackmail

First

Second

And finally
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Radiation doses and dose rates
Consider a paracetamol dose. 100 tablets per person at once is fatal.
Two tablets at once cures a headache, without risk, not even 1 in 1000.
The doctor may say that 100 tablets in six weeks is OK too.
The point is that the dose and the period are both important.

For radiation there is dose (milli-sievert mSv) and dose rate (mSv a month).
To find out what dose and dose rate is safe, we need data we can trust. 

You can trust radiation doses used in medicine 
Today many people benefit from radiation scans and some have radiation 
therapy for cancer.
CT scans give a dose of 5-10 mSv with an external source of radiation. PET 
and SPECT scans give a similar dose from an internal injected radioactive 
source. An advertisement for a PET/CT scan follows (15 mSv for both).

Such radiation and radioactivity, internal and external, is essentially of the 
same type as that emitted at Fukushima.
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A recent public poster
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“Measures against Beef which Exceeds the Provisional Regulation 
Values of Radioactive Cesium by the Government to Ensure Safety of 
Beef”, issued 27 July 2011

 Eating 1 kg of meat with regulation limit of 500Bq/kg gives a dose of 
0.008mSv [page 12, section 4. This number has been checked] 

 Exposure lasts over 4 months while the caesium is excreted 
 The radioactive caesium dose is evenly spread throughout the body 

like the radioactive fluorine in a PET radiation scan (called “FDG”) 
which gives 15 mSv all in a couple of hours 

 Therefore one scan gives the same dose as eating 2000 kg per person 
of contaminated meat in 4 months. The Regulation is unreasonable

 A similar mistake at Chernobyl was publicly admitted after 16yrs
 The international safety standard (ICRP) underlying such regulations 

needs substantial revision
 But even 15 mSv is far below a dangerous dose...

Food regulations in error, for example caesium in beef
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[Abstract of the article]

[signed]
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The crosses show the mortality of Chernobyl firefighters 
(indicated by number who died/total number in each dose range)

above 4,000 mSv 27/42 died from Acute Radiation Syndrome (ARS)
below 4,000 mSv 1/195 died
(the curve is for laboratory rats, shifted a little)

Workers at Chernobyl, the initial firefighters
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Workers at Chernobyl 
Emergency workers who died from Acute Radiation Syndrome (ARS), 
mostly from a dose above 4000 milli-sievert, did so in a few weeks. 
No such worker who received less than 2000 milli-sievert died from 
ARS, although there were 140 of them. 

Workers at Fukushima
After six weeks 30 workers had received a radiation dose between 
100 and 250 milli-sievert.
Therefore there will be no deaths from ARS at Fukushima

Radiation therapy to cure cancer
Although a single whole-body radiation dose of 4000 mSv is often 
fatal, patients receiving radiotherapy spread over about 6 weeks to 
cure cancer get a daily dose of 2000 mSv to the tumour that kills the 
cancer cells. 
        They also receive daily 1000 mSv to many healthy organs and 
tissue that survive; that is more 20,000 mSv per month.  Most people 
personally know someone who has benefited from such treatment. 

After each daily treatment healthy organs just have time to repair the 
radiation damage - and the tumour cells just do not.
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Radiation dose contours for an actual prostate cancer treatment plan.
Section of lower abdomen perpendicular to the spine. Rectum shown shaded.

Contours at 97, 90, 70, 50, 30% of peak dose

[From an image by kind permission of Medical Physics and 
Clinical Engineering, Oxford Radcliffe NHS Trust.]
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Evacuation at Fukushima
Evacuation criterion was set at 20 mSv per year.
Radiotherapy shows that doses of more than 20,000 mSv per month 
are tolerable, equivalent to 1000 years at the evacuation criterion.
This criterion is unreasonable.

[Comment: These doses are “per kg” and the repair mechanisms are 
largely localised, so the fact that the radiotherapy dose is localised, 
not whole body, could hardly be that significant.]

Evacuation is at least as traumatic as radiotherapy treatment. 
The criterion has taken no account of damage to personal and
socio-economic health. 

Evacuation at Chernobyl 
The evacuation (and the advice to the population that their health was 
threatened by radiation) caused more damage than the radiation itself 
[UN(2011) and IAEA(2006) reports].

These reports have not been read. The lesson has not been learnt. 
The error has been repeated at Fukushima. 

Evacuation guidelines in error
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Cancer caused by ionising radiation

 The biological mechanisms that repair radiation damage are ingenious and 
overlapping, but even acting together they are not perfect.
 When they fail the result can be cancer.
 The ultimate protection is a healthy immune system but this deteriorates 
with age. So most cancers occur in later years, long after the original dose.
 The various repair mechanisms have evolved to cope with other more 
frequent attacks on cells, in particular on the DNA.
 It is not possible to distinguish cancers caused originally by radiation.
 To detect radiation-induced cancer the lifelong health records of a large 
population who suffered a large radiation dose must be compared with 
those of a similar population who were not irradiated.
 This has been done for cancer fatalities among the survivors of Hiroshima 
and Nagasaki for the period 1950-2000.
 The average dose was 160 mSv. For doses greater than 100 mSv there 
was a clear increased risk of cancer; but not for those less than 100 mSv.
Any such risk is less than the chance of a road death in 50 years [USA]
 Overall the risk was 1 in 15 higher than in similar populations not irradiated 
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Total population 429000 100.00%
Known killed or died 1945-1950103000 24.01%
Lost or died 1945-1950 43000 10.02%
Survived to 1950 283000 65.97%
          for whom dose known 86955
Died of cancer 1950-2000 32057 7.47%

1865 0.44%
Died of radiation-induced 
cancer 1950-2000

     Early death

      Lost

    Cancer death 1950-2000

Radiation induced cancer 1950-2000

Survived 
to 1950
and did not
die of
cancer
before 2000

What do we know from 
Hiroshima and Nagasaki?
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Dose range survivor solid cancer survivor deaths1950-2000 extra risk
mSv number actual expected per 1000

less than 5 38507 4270 4282 -2.0 to 1.4

5 to 100 29960 3387 3313 0.0 to 3.5

100 to 200 5949 732 691 3.5 to 12.5

200 to 500 6380 815 736 9 to 18

500 to 1000 3426 483 378 25 to 37

1000 to 2000 1764 326 191 63 to 83

above 2000 625 114 56 72 to 108

all 86611 10127 9647 5.0 to 5.2

Solid cancer deaths among Hiroshima and Nagasaki survivors, 
1950-2000, separated by dose range (Preston et al., 2004)

“expected” means the number of deaths predicted from those in other cities
Lines highlighted in green have doses compatible with zero risk, final column 



August 2011 Nuclear Radiation is far safer.... slide 18

What is wrong and who is to blame?

 Safety regulations at Fukushima have caused unjustified damage to the 
local economy and hardship and suffering to the population
 In every country such regulations are based on advice from the 
International Committee on Radiological Protection (ICRP)
 This advice is at fault. Its caution is unbalanced. It treats radiation as a 
special case and ignores other sources of danger and also the 
established repair of radiation damage for doses spread in time.
 ICRP has given advice to reduce radiation exposure As Low As 
Reasonably Achievable (ALARA), that is close to natural levels of a few 
mSv per year. This is a level for reassurance, not for safety
 ALARA is what a radiation-phobic world asked for, as we marched, 
protested and petitioned political leaders in the 20th century. 
That was our mistake, not that of the Japanese Government nor the 
ICRP. But now we should correct the error
 We need safety levels that are As High As Relatively Safe (AHARS), 
where “relatively” refers to competing dangers (as in medicine)
 What might such AHARS levels be? 
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A lesson from history: repeal the “Red Flag Act”!

It is reported that places have been found at the Fukushima plant where 
the radiation level exceeds 10 sievert per hour. Indeed such a level 
would be lethal in 30 minutes.

This is neither surprising nor alarming. Driving on the road, there are 
places not 10m away (in front of oncoming traffic) which are equally 
dangerous - but we learn not go there.

In 1865 concern about the safety of (steam) road traffic rose to the point 
that the speed limit was lowered to 4 miles an hour and a man had to 
walk in front with a red flag (UK/US). This safety act was supported by 
the railway industry (of course) and public concern about horses.

Fortunately for world prosperity, in spite of public protests, these acts 
were repealed in 1896. We have learnt to live with the dangers and 
unquestionable benefits of road traffic.

Today we should reverse our “Red Flag” attitude to nuclear radiation and 
radioactivity. It needlessly hampers prospects for world prosperity. 
But what should be the radiation “speed limit”? 
That is, at what level should radiation safety regulations be set? 
We compare monthly radiation doses as graphical areas... 
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What should radiation regulations say?  Some monthly doses shown by area....

Tumour therapy
> 40,000 

mSv per month,
death to cell

Healthy tissue
therapy > 20,000 
mSv per month, 

tolerated!
Suggested safe level 100 mSv per month, [conservative by a factor 200]

Sellafield waste storage hall 24/7, 1 mSv per month, [or 1 micro Sv per hr]

ICRP public ALARA level 0.1 mSv per month, [or 1 mSv per yr] 

100 mSv max single dose
100 mSv max in any month

5000 mSv max lifelong

Suggested new safety levels (AHARS):

That is radiation regulations should be relaxed by about 1000 times compaed to public ALARA
. 
Also, for simple reassurance, make cheap robust radiation detectors available for home 
and school, using simple domestic smoke-alarm technology.
Why? In the dark, get a flashlight/torch - that is what you would do.  
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How many will die from radiation at Fukushima?

It is very unlikely that anyone will die from radiation as a result of 
Fukushima, even over the next 50 years. Here is why.....

After six weeks 30 workers had received a radiation dose between 100 
and 250 milli-sievert. At Chernobyl no emergency worker who 
received less than 2000 milli-sievert died from Acute Radiation 
Syndrome, although there were 140 of them.  

At Hiroshima and Nagasaki, out of  5949 citizens who received a dose in 
this range, 41 contracted radiation-induced cancer in 50 years -- that 
is 1 in 150.          So the chance that ANY worker at Fukushima will 
contract extra cancer is less than 25%. Doses to the public have been 
far lower and so without risk. 

Near Fukushima seaweed is part of the diet and many children received 
iodine tablets. At Chernobyl, an iodine-deficient region, 6000 children 
contracted thyroid cancer but just 15 died. None are expected to die at 
Fukushima.

There are those who prefer to spread alarm and fear, but this is quite 
unjustified and they will have to answer to the Japanese people
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We may hope to solve the problems of the 21st century, 
 provided that we re-assess our 20th century worries. 

This requires trust, discussion, thought, education and reform

          What needs to be done for the future?          

fear is deadly - after Chernobyl there were 2000
      extra induced abortions in Greece, far away
      from any radiation;
radiation is not incredibly dangerous - it cures
      many 1000s of cancers every year;
education is needed to explain radiation in
      simple words - it is not so difficult;
regulation for actual danger, not fear based on
      unquantified aversion, affecting simply
      solvable tasks, like waste and decommissioning;
there are bigger threats: climate change, food,
      socio-economic stability, population, geology, 
      water;
consider new nuclear for the sake of the 
      environment, electricity, desalination, food irradiation
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