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vicinity of the reactors. It was necessary to evacuate
people in this area for their safety.

A PowerPoint presentation of
Nuclear safety, radiation, waste management and
the event at Fukushima on March 11, 2011

Accidents generating electricity,
per unit of energy, 1966 to 1996 [1]

H. Douglas Lightfoot, September 14, 2011
Slide 1: There is no more reason to fear nuclear
energy than there is to fear gasoline. A century ago,
when gasoline first replaced batteries as fuel for cars,
electric car makers claimed people would not sit on a
bomb. Although gasoline is a dangerous material,
and it can be used to make Molotov cocktails, we
have learned to use it safely. It is a great benefit to
mankind; we even fill our own gas tanks and keep
our cars in our houses. We have learned to use
nuclear technologies safely and to reap their benefits
for reliable electricity supply, medical diagnostics
and treatment as well as industrial uses. Nuclear can
be used to make bombs, but a bomb-like explosion in
a reactor is physically impossible.
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Slide 3: The radiation level in the evacuation area
around Chernobyl, except for the immediate area
around the damaged reactors, is shown by the red
line at 6 milliSieverts per year (mSv/yr). This chart
[2] shows that people in the US Rocky Mountain
States in the US live their lives in background
radiation levels of 6 to 12 mSv/yr. People in Sweden
and southwest France are subject to much higher
levels with no detrimental effects. People live
healthy and useful lives in Ramsar, Iran, where the
natural radiation level is up to 700 mSv/yr per year.
In reality, we are immersed in radiation that comes
from the earth we live on and the sun.
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Slide 2: Nuclear for generating electricity has the
lowest number of immediate fatalities - one hundred
times fewer than hydro and ten times fewer than
natural gas [1]. Injuries are half that of hydro and
natural gas and only slightly above that of coal-fired
plants. Why so many people were evacuated is now
being questioned because the radiation levels were
not high enough to justify it except in the immediate
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Slide 6: When nuclear energy was first introduced
there were more than 60 years of information about
the effects of ionizing radiation on the human body.
The Linear No Threshold (LNT) theory of radiation
carcinogenesis was introduced in 1959 (for the
political purpose of stopping the nuclear arms race).It
was based on the assumption that there is no safe
level of radiation. Half a century later, however,
knowledge about ionizing radiation has improved.

Slide 4: The regulatory exposure limit for US
workers in nuclear plants is 50 mSv/yr [4]. The
guideline for evacuating members of the public who
are being exposed to radiation is 20 mSv/yr as shown
in this slide.
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There is much new research to support the notion
that animals and people are healthier when exposed
to low levels of radiation.
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Background to radiation
 Introduced in 1959:

Slide 5: Ramsar, Iran is included for reference to
show by how much the guidance level is
precautionary.

Linear No Threshold (LNT)
All radiation is unhealthy
 No radiation is allowable
 Half a century later:
 Improved knowledge re safe limits:
 Electricity generation reactors
 Medical use
 Industrial use
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Slide 7: The effect of radiation on the body is much
more severe if it occurs acutely, i.e., over a short
period of time, e.g., a day. This slide shows the
recommended maximum is 100 mSv. This can be
extended to 250 mSv for saving a life [4].

Source: Metting DOE (2010)

Slide 9: This is a nuclear fuel bundle [5]. The
uranium-dioxide pellets are sealed in zirconium
alloy tubes. When uranium nuclei are fissioned, their
radioactive by-products continue to produce a small
amount of heat while they decay.

Source: Metting DOE (2010)

Slide 8: When a group of people receive an acute
radiation exposure in the range of 3500 to 5000 mSv
(3.5 to 5 Sv), approximately half of them will die.
That is what the LD50 designation signifies. If the
dose is in the range from 5000 to 9000 mSv, then
even with medical intervention half will die.

Nuclear fuel bundle

The 28 people who died at Chernobyl from the
effects of radiation received doses in these ranges
and higher. They were the firefighters who were
trying to extinguish the fire that was burning in the
exposed reactor core.
From: http://www.mei.gov.on.ca/images/content/en/nuclear-gen-fuel-bundle-dia.jpg
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Slide 10: This is a description of the handling
process for used fuel. The initial repository is a
“swimming pool” where the heat from the decaying
radioactive material is removed from the fuel. When
the level of radiation is sufficiently low, the fuel
bundles are removed from the pool and sealed in
steel-lined reinforced concrete containers in a secure
area, above ground, for long-term storage.

Fukushima
 Earthquake: design 8.2, received 8.9
 All reactors shutting down as designed
 Tsunami ≈one hour later: diesels out
 Serious incident: partially melted cores
 Hydrogen explosion: overheated spent fuel
 Water leak to ocean now repaired

There is low level waste, such as clothing and many
items that have been contaminated with radioactivity
or activated by neutron irradiation. Some items are
incinerated. The residue and the remaining items are
sealed in robust containers and placed in long term
storage.

 6 workers killed by earthquake and tsunami

Slide 12: The human cost to Japan was substantial
and was caused entirely by the earthquake and
tsunami. Part of the reason for evacuation around the
Fukushima Daichi nuclear plant was because of the
devastation to homes and villages. Many people
could not return because there was nothing to return
to.

Nuclear waste and spent fuel
Short term storage of spent fuel:
 Swimming pool
 Long term storage of spent fuel:
 Dry cask storage
 Central long term storage:
 Reprocessing to recover U 238
 Isolate long-lived isotopes
 Low level waste: robust
containers in long term storage

There were no deaths or injuries from radiation and
there will be no long term health problems because
the radiation levels are too low.

The human cost to Japan

Slide 11: A description of what happened at
Fukushima. The tsunami wall was 6.5 metres high
and the tsunami was at least 10 metres high. The
water knocked out the diesel engines supplying
emergency electricity to the cooling water pumps by
carrying away the fuel tanks. The reactors overheated
and their cores melted. The Unit 4 spent fuel
overheated and the zirconium reacted with the
oxygen in the water leaving hydrogen. The hydrogen
mixed with air and exploded. It blew the walls out of
the building but left the steel structure. Currently, the
reactors are being cooled sufficiently and the plant is
under control. There were no deaths or health issues
from radiation released from the Fukushima Daichi
plant.
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Slide 13: This is the area around the Fukushima
Daiichi nuclear plant affected by radiation [6]. The
tsunami also hit the towns along the coast. “A” is the
closest town to the nuclear plant, “B” and “C” are
farther away and "D” is the farthest away.
Source: http://www.jaif.or.jp/english/news_images/pdf/ENGNEWS01_1302486267P.pdf

Fukushima

Fukushima

1 microSv/hr = 8.8 milliSv/yr

Slide 15: The earthquake and Tsunami knocked out
21 plants generating electricity plus one hydro plant.
The result was 20% of electricity capacity being out
of service. Rolling blackouts were expected for up to
a year, which is very disruptive to industry.
Approximately 30% of Japanese electricity came
from nuclear. Japan is third in the world in terms of
actual electricity produced annually from nuclear
reactors.

Slide 14: Radiation levels from March 11 to April 7,
2011 [6]. Note that these levels are measured in
microSieverts per hour (µSv/hr) which are one
thousand times smaller that a milliSievert per hour
(mSv/yr). The highest level was approximately 45
µSv/hr on March 15. The levels have dropped
rapidly and are now approximately 1 µSv/hr in most
areas. This level is approximately 8.8 mSv/yr, which
is slightly above the level in the major evacuation
area around Chernobyl. See Slide 3.

Fukushima
 Major problem: economic disruption
 Initially out: 4 nuclear, 6 coal, 11 oil
 20% of electricity capacity out of service
 Rolling blackouts: ≈1 year

The radioactive materials released at Fukushima are
the same as those released at Chernobyl, Iodine 131
and Cesium 137. I131 has a half life of 8 days, so the
radiation level from I131 falls to 1/16 after a month.
Cs137 has a half life of 30 years. Like sodium, cesium
compounds are water soluble. Thus, it washes away
easily and is readily diluted in the soil and water run
off. This explains why the measured radiation levels
dropped rapidly over the first month.

 Major reconstruction
 ≈30% of electricity, 54 reactors, 49 GW
 B kWh 2009: US 799, France 390, Japan 260

5

DRAFT
Slide 16: Examples of why radiation surrounds us.
Note that these values are micro Sieverts (µSv/hr)
and are for the length of time specified or for the
event [7]. To put these values into perspective for
comparison
with
previous
scales,
1 µSv/hr = 8.8 mSv/yr.

Slide 18: At Chernobyl, the reactor power of Unit 4
increased to more than 100 times full power within
seconds when the operator carried out a safety test
improperly. The quickly rising steam pressure
violently ruptured the reactor, and the hot graphite
moderator caught fire. It burned for many days and
the updraft carried the radioactivity a great distance.

We are surrounded by radiation

In the Three Mile Island reactor accident, the core
partially melted but the containment was undamaged.
The amount of radioactivity that escaped was very
small.

Sleeping next to someone
80 km from nuclear plant one year
Eating 1 banana
80 km from coal plant one year

µGy/yr
0.05
0.09
0.1
0.3

Extra from 1 day on Colorado plateau
Airplane flight NYC to LA

The Fukushima Daichi reactors were tested by
stresses well beyond the design limits. Even though
the damage to the reactors was serious, three reactor
cores were melted, the situation was quickly brought
under control. No one was killed or injured by
radiation. We can rightly look upon this event as a
success for nuclear safety.
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1 µSv/hr = 8.8 mSv/yr
Source: Radiation Dose Chart, http://xkcd.com/radiation/

The nuclear industry is one of the safest in which to
work.
Slide 17: The role of radioactive materials in
medicine is often forgotten [7]. However, they are a
major diagnostic tool, especially those based on short
half life isotopes. They must be active enough to give
good readings and then decay rapidly to reduce
exposure to radiation. The table shows the “all at
once”, or acute, dose for specific medical diagnostic
tools. All are within the safe range.

Nuclear safety
 Chernobyl:

Improper safety test, high temperature
steam explosion, graphite caught fire
 28 radiation deaths of fire fighters
 Three Mile Island:
 Melted core – small radiation escape
 No radiation deaths or injuries
 Fukushima:
 Event well beyond design limits
 No radiation deaths or injuries
 A success for nuclear safety



Medical est’d maximum organ dose, mGy
X-ray – chest (front + side)
X-ray – dental panoramic
X-ray - mammogram
X-ray – lumbar, spine
Radiotracer - heart
Radiotracer - bone
Radiotracer - bladder
CT scans – chest, head, abdomen
CT scans - full body
Fluoroscopy – barium contrast

0.14
0.7
2-4
2-3
6-12
4-15
55-80
20-60
50-100
10-22

Source: Luckey (2011), Metting DOE (2010)
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Slide 19: References to show the sources of
information used in this presentation.
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Slide 21: The Lightfoot Institute logo, mission
statement, and web site address.
Slide 20: Dr. Jerry Cuttler willingly gave extensive
help supplying the information base for this
presentation and for reviewing the final result for
accuracy.
Dr. Cuttler worked for AECL for 26 years in a wide
variety of engineering positions. He spent the last 16
years assessing the effects of ionizing radiation on
health and has drawn widespread attention in Canada
and abroad to the beneficial effects of low doses.
He collaborated with Dr. Myron Pollycove (medical)
on a peer reviewed paper titled “Nuclear Energy and
Health: And the Benefits of Low-Dose Radiation
Hormesis, Jerry M. Cuttler and Myron Pollycove,
Dose Response. 2009; 7(1): 52-89. Available at:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC266
4640/.

www.thelightfootinstitute.ca

There is more about Drs. Cuttler and Pollycove, on
the Computare web site: http://www.computare.org/
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