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A Roadmap to the major issues relating to nuclear energy
(Briefing to Subcommittee on Energy and Environment,
House Committee on Interior and Insular Affairs, 24 April 1975)

The naturally occurring isotope uranium-235 and a few artificial
isotopes, plutonium-239 in particular, represent marvelously
concentrated energy sources.
2 pounds of any of these isotopes carries as much releasable energy
as 4 million pounds of coal.
–That is the attraction of nuclear energy.
2 pounds of any of these isotopes also carries as much releasable
energy as 40 million pounds of TNT.
That is one of the troubling aspects of nuclear power.
The other problems of nuclear energy stem ultimately from the
radioactive ashes that are the products of the nuclear fire.

Outline
Nuclear energy’s contribution to global energy today
Where it is used
Why projections in the 1970s were so high
Today, most construction of nuclear power plants is in China
Economics of nuclear vs. other types of power plants in the US
Why did Entergy close Vermont Yankee?
Accident consequences
Nuclear-weapon proliferation (my greatest concern)
Spent fuel disposal
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Nuclear power makes a
moderate contribution today –
more than renewables and less
than hydropower but is much
more controversial.

Million	
  tonnes	
  oil	
  equivalent	
  

South America, Africa, India…

Japan, South Korea and China

Europe and Russia

US and Canada

Fukushima

Nuclear	
  energy	
  consump3on	
  by	
  region	
  

2500

US nuclear
generating 2000
capacity
projected in
1974 and what
1500
actually
happened

AEC  Projected  Breeder  +   LWR  
Capacity
AEC  Projected  LWR  Capacity

What the U.S.
government and
utilities projected in
1974

(GWe)

Actual  Capacity

Equiv. of all
U.S. electric
energy
generation
today	


1000

500

2009

2006

2003

2000

1997

1994

1991

1988

1985

1982

1979

1976

1973

1970

0

What
happened	

~ 100 power
reactors	


One reason: U.S. electricity consumption growth went from
exponential doubling every 10 years to linear
(EIA Annual Energy Outlook, 2013)
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IAEA’s projections of global nuclear capacity in 1975 and today
What happened: slower growth of electrical demand, high capital
costs, accidents and now cheap gas	
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Not much growth expected in U.S., Europe or Japan today.
Most growth expected in Asia – especially China – due
their rapid growth in energy consumption (US EIA)
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Economics: Coal, nuclear, wind have high capital costs
Natural gas has low capital costs and moderate fuel costs
(cents/kWh, US EIA)
(with carbon capture and sequestration

The economic case for closing Vermont Yankee
A small single-unit plant with a large labor force (630) and growing costs
for maintenance and safety upgrades.
• 600 MWe plant vs. 1000 MWe average in the U.S.
• Old (1972) – but 14 others as old or older: 3:1969; 3:1970; 2:1971; 6: 1972.
• Single unit plant – but 22 others (Callaway-1, Clinton-1, Columbia, Cooper,
Davis-Besse-1, Duane Arnold-1, Fermi-2, Fort Calhoun-1, Ginna, Grand Gulf-1,
Harris-1, Monticello, Oyster Creek, Palisades, Perry-1, Pilgrim-1, River Bend-1,
Robinson-2, Seabrook-1, Three Mile Island-1, Waterford-3, Wolf Creek)

• Fukushima design: But 30 others in US
Low-cost gas generates ~50% of New England electricity and growing

New capacity in U.S. mostly gas, some renewables
(We live in a “fuels paradise”, US EIA)

Nuclear Safety: Chernobyl Cesium-137 contamination
(1986 accident, 30-year half-life)
Brown red (>15 Ci/km2):
strict radiation control area:
> 4,000 mi2 (40% of NH)
>1% extra cancer death risk
(i.e. ~20% –> 21+%). Half
moved out.
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Chernobyl contamination pattern in Europe probably can
largely be explained by rainfall (1986)

from malignancy; and, in one case, the cause of death was
due to trauma (figure VII). As time progressed, the assignment of radiation as the cause of death has become less clear.

with the accident. The increase was primarily among th
children under age 10 years at the time of the accident [J4
For those born after 1986, there was no evidence for a
increase in the incidence of thyroid cancer. The increase i
the incidence of thyroid cancer among children and adoles
cents began to appear about 5 years after the accident an
persisted up until 2005 (see figure IX). The background rat
of thyroid cancer among children under age 10 years i
approximately 2 to 4 cases per million per year.

~ 7,000 excess thyroid cancers as of 2005 among those ≤18
~10,000 cancer deaths of other types estimated
Most thyroid cancers could have been prevented by blocking
contaminated milk and taking potassium iodide tablets

64. Among the ARS survivors under observation at the
URCRM, there have been four confirmed cases of solid cancer, three cases of myelodysplastic syndrome, one case of
acute myelomonoblastic leukaemia and one case of chronic
myeloid leukaemia.

(UNSCEAR, 2008)
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On April 22nd, the residents of Katsurao, Iitate, Namie, and part of Kawamata and Minamisoma were again asked to
leave within one month. Those areas then constituted the ‘Planned Evacuation Zone’ or ‘Extended Evacuation Zone’.
In parallel, taking shelter in the 20-30 km area was lifted around the Fukushima Dai-ichi power plant, and that area
became an ‘Emergency evacuation preparation area’. This concerned the municipality of Hirono, part of

Fukushima evacuation zones (IRSN, 1 yr)

Minamisoma, part of Tamura, and part of Kawauchi. In those municipalities, the population may remain, but must be

prepared for a possible emergency evacuation in the event of a new problem arising on the Fukushima Dai-ichi site.
The map in Figure 7-2 illustrates the protective zoning in force at that time.
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Figure 7-2 - Population management zones.
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Fukushima Daiichi (#1) Nuclear Power Plant
Most radioactivity ended up offshore

Ambient dose rate
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Tokyo (150 miles away) could have been
in danger had there been a spent-fuel fire
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Dense-pack storage in a spent-fuel pool

Location of spent
fuel storage pool
in Fukushima and
Vermont Yankee –
50 feet up.
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Spent nuclear fuel in air-cooled casks much safer

U.S. Connecticut Yankee (old picture)

  

Older cooler fuel is being shifted to dry cask storage after ~ 25 years
Should it be moved in 5? (Alvarez et al, 2003)	
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Categorization of Used Nuclear FuelInventory in Support of a Comprehensive National Nuclear Fuel Cycle Strategy, ORNL/TM-2012/308	

Figure  15.    Historical  and  projected  discharges  of  commercial  used  nuclear  fuel.    Source:    Ref.  7.  
	


Spreading nuclear
energy can help
spread the bomb.
India and South
Africa are best
examples but
South Korea,
Brazil, Argentina
and now Iran
started down
same ambiguous
path.
(Figure updated from The
Gravest Danger: Nuclear
Weapons by Sidney Drell &
James Goodby	

(Hoover, 2003)	

	


Iran?

Nonproliferation
Treaty (NPT)

Natural uranium: two isotopes, two routes to the bomb	

U-235 (--0.7%, 92 protons + 143 neutrons)	

	

will sustain a fission chain reaction if
separated	

	

	

U-238 (99.3%, 92 protons + 146 neutrons)
does not chain react but, turns into chainreacting plutonium-239 if you add a
neutron.	


Erecting barriers on routes from nuclear energy to the bomb:
1. Ban national U-235 “enrichment” capabilities?
(weapon states + Brazil, Germany, Iran, Netherlands today)
2. Ban plutonium separation from spent nuclear fuel?
(some weapon states + Japan today)

Today’s nuclear power plants are proliferation resistant by
themselves. Low enriched uranium not weapon-usable and	

no economic benefit from separating the plutonium in spent fuel	
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After on-site storage, what next?
(President Obama/Senator Reid have blocked Yucca Mt.)	


Finland, Sweden and France most advanced in siting of
geological repository for spent fuel. Finland and Sweden
have chosen sites next to nuclear power plants.
Forsmark Nuclear
power plant, Sweden

Tunnels 500 meters down

Deep borehole disposal? (Sandia, 2012)

Depth of mined
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