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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 
 



Primary	  energy	  world	  consump3on	  
Million	  tonnes	  oil	  equivalent	  

Nuclear  power makes a 
moderate contribution today – 
more than renewables and less 
than hydropower but is much 
more controversial. 



Nuclear	  energy	  consump3on	  by	  region	  
Million	  tonnes	  oil	  equivalent	  

US and Canada 

Europe and Russia 

Japan, South Korea and China 
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South America, Africa, India… 
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What 
happened	


~ 100 power 
reactors	


US nuclear 
generating 
capacity 
projected in 
1974 and what 
actually 
happened 

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


What the U.S. 
government and 

utilities projected in 
1974 



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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Projected nuclear 	

capacity (IAEA, 1975)	


IAEA high/low 
projections, 2013	


High (12%)	

	

	

	

Low (5%) 	
16% of  global kWhh 

  

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) 

Assuming most power 
reactors licensed to 
operate for 80 
years!  



China building a lot of nuclear but a lot more of 
everything else (~90 GWe/yr, Li Zheng, Tsinghua) 
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2012ᒤⲴѝഭ⭥ᐕъ
China Power Industry in 2012

Gridded solar power 3.28GW
5000TWh power generation

C-78.6%, H-17.4%, N-2-%, W-2+%
Advanced coal power fleet:

SC: >200 units, =40-42%
USC: 39 units, =43-45%
A 250MW IGCC commissioned
Fleet average =37.3%

Source: Chinese power industry bulletin 2012
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(~Coal) 



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. 
	  
Purple red (>40 Ci/km2): 
Permanently evacuated.   
1000 mi2 
	  

18-mile radius 
(permanently 
evacuated) 
 
36-mile radius 

(UNSCEAR-‐2000)	  



Chernobyl contamination pattern in Europe probably can 
largely be explained by rainfall (1986) 



~ 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 

(UNSCEAR, 2008) 

14 UNSCEAR 2008 REPORT: VOLUME II 

displayed various levels of skin degeneration, ranging from 
slight smoothing of the skin surface to more pronounced 
changes. However, over longer periods, the slight changes 
disappeared almost completely. With the second-degree skin 
injuries, degeneration was pronounced. With third- and 
fourth-degree injuries, there were areas of scarring, contrac-
tures, and radiation-induced ulcers. However, since the early 
1990s, microsurgery techniques have significantly reduced 
the problems of radiation-induced ulcers.

61. Many of the patients who suffered moderate or severe 
ARS, developed radiation-induced cataracts in the first few 
years after the accident, with a strong correlation between 
the grade of ARS and cataract prevalence.

62. A high prevalence of nervous system diseases among the 
survivors had been registered during the first decade. Similarly, 
there have been reports of a high percentage of cardiovascular 
and gastrointestinal diseases. However, studies have shown no 
correlation with the grade of ARS, probably  indicating a cause 
other than radiation exposure [B9, B39, B42].

63. Over the period 1987–2006, 19 ARS survivors died for 
various reasons [B9, B39, B41, B44, G9, U3], including 
seven deaths from non-cancer disease of internal organs 
(including two from pulmonary tuberculosis and two from 
cirrhosis of the liver), six from sudden cardiac arrest and five 
from malignancy; and, in one case, the cause of death was 
due to trauma (figure VII). As time progressed, the assign-
ment of radiation as the cause of death has become less clear.

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

65. The follow-up of the ARS survivors indicates that: 
the initial haematological depression has recovered sub-
stantially in many patients; there remain significant local 
injuries; there has been an increase in haematological 
malignancies; and the increase in other diseases is proba-
bly largely due to ageing and other factors not related to 
radiation exposure.

66. A substantial increase in thyroid cancer incidence has 
occurred in the three republics (the whole of Belarus and 
Ukraine, and the four most affected regions of the Russian 
Federation) since the Chernobyl accident among those 
exposed as children or adolescents. Amongst those under 
age 14 years in 1986, 5,127 cases (under age 18 years in 
1986, 6,848 cases) of thyroid cancer were reported between 
1991 and 2005 [I8].

67. Figure VIII demonstrates that in Belarus, after the 
Chernobyl accident in 1986, thyroid cancer incidence rates 
among children under age 10 years increased dramatically 
and subsequently declined, specifically for those born after 
1986 (see 1996–2005). This pattern suggests that the dra-
matic increase in incidence in 1991–1995 was associated 
with the accident. The increase was primarily among the 
children under age 10 years at the time of the accident [J4]. 
For those born after 1986, there was no evidence for an 
increase in the incidence of thyroid cancer. The increase in 
the incidence of thyroid cancer among children and adoles-
cents began to appear about 5 years after the accident and 
persisted up until 2005 (see figure IX). The background rate 
of thyroid cancer among children under age 10 years is 
approximately 2 to 4 cases per million per year.
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Fukushima evacuation zones (IRSN, 1 yr) 

   

 

 Fukushima, one year later 

Initial analyses of the accident and its consequences 

Report IRSN/DG/2012-003 

136/188 

 

For example, on April 7th, the Mayor of Iitate took the initiative of advising pregnant women and children under the 

age of 3 (50 persons) to go to the neighboring town of Fukushima within one week. 

On April 11th, the first announcement extending the initial evacuation zone was made: the residents of Katsurao, 

Iitate, Namie, and part of Kawamata and Minamisoma were asked to leave within one month (first announcement). 

On April 21st, the 20 km evacuation radius became a �‘Prohibited Area�’. Unauthorized entry into this area became 

subject to a fine of 100,000 yen (approximately �€835).  

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 

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. 

 

Extended Evacuation Zone

Prohibited Zone

Emergency evacuation
preparation zone

Extended Evacuation Zone

Prohibited Zone

Emergency evacuation
preparation zone

 
Figure  7-2 - Population management zones. 

 

(12-‐mile	  radius_	  



Fukushima Dose Rate 
 (IRSN, 1 yr) 

                  

 Fukushima: one year on 

Initial analyses of the accident and its consequences 

 IRSN/DG/2012-003 report 

60/188 

 

Ambient dose rate 
(in microsieverts per hour -

µSv/h)

Ambient dose rate 
(in microsieverts per hour -

µSv/h)

 
Figure  6-17 - Map of the ambient dose rate at 1 m above ground (in µSv/h, normalized to November 1, 

2011) published by MEXT after the various airborne measurement surveys conducted since late June 

2011 for 22 prefectures within the northern end of Honshu island. 

Apart from Fukushima prefecture, the location of the aforementioned main fallout zone, this expanded map raises 

the following comments: 

- the areas where the ambient dose rates are less than 0.1 µSv/h (in dark blue on the map) can be 

considered to be free of significant fallout from the Fukushima accident. This level is comparable to the 

ambient dose rate due to the radiation of cosmic or terrestrial origin �– between 0.05 and 0.2 µSv/h 

depending on the altitude or the geological nature of the ground �– that makes up natural "background 

noise"; 

- a number of prefectures located far from Fukushima contain more or less extensive zones with dose rates 

of between 0.1 and 0.5 µSv/h, and between 0.5 and 1 µSv/h locally (Gunma, Tochigi). As these levels are 

significantly higher than the natural background noise from gamma radiation, they attest to residual 

fallout from the Fukushima accident deposited over long distances from the damaged plant after 

materials released by the accident were dispersed into the atmosphere. The prefectures where these 

levels were recorded over at least a significant portion of their areas are Tochigi, Gunma, Ibaraki, 

northern Chiba, western and northeastern Tokyo, western Saitama, eastern and northeastern Niigata, as 
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Fukushima Daiichi (#1) Nuclear Power Plant 
Most radioactivity ended up offshore 

Tokyo (150 miles away) could have been 
in danger had there been a spent-fuel fire 



Dense-pack storage in a spent-fuel pool 



Location of spent 
fuel storage pool 
in Fukushima and 
Vermont Yankee – 
50 feet up. 

Core	  



Spent nuclear fuel in air-cooled casks much safer 

U.S. Connecticut Yankee (old picture) 
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Figure  15.    Historical  and  projected  discharges  of  commercial  used  nuclear  fuel.    Source:    Ref.  7.  

For  UNF  that  is  currently  in  dry  storage,  a  variety  of  dry  storage  cask  systems  have  been  used  throughout  
the  U.S.    Selection  of  UNF  for  retention  of  access  could  include  consideration  of  cask  designs  used  and  
the  environment  in  which  the  cask  systems  have  been  used.    Factors  considered  might  include  above  
ground  versus  below  ground  storage  and  local  climate  variation,  such  as  exposure  to  marine  
environments.    Retention  of  a  variety  of  cask  designs  would  prove  useful  for  studying  the  long-term  
integrity  of  various  dry  storage  systems,  including  canister  integrity,  and  is  consistent  with  proposed  full-
scale  demonstration  testing  to  support  industry-wide  aging  management  plans.    For  UNF  that  is  currently  
in  wet  storage,  selection  of  UNF  for  retained  access  should  consider  variation  in  the  spent  fuel  pool  
environment,  such  as  water  chemistry.    

Older cooler fuel is being shifted to dry cask storage after ~ 25 years ���
Should it be moved in 5? (Alvarez et al, 2003)	


In dry casks	
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Categorization of Used Nuclear FuelInventory in Support of a Comprehensive National Nuclear Fuel Cycle Strategy, ORNL/TM-2012/308	

	


60,000 metric  tons U	


In pools 	
40,000	


20,000	




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) 



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 chain-
reacting plutonium-239 if you add a 
neutron.	


Natural uranium: two isotopes, two routes to the bomb	


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) 



Fresh low-enriched 
uranium fuel	


95.6 %  
U-238 

	  

4.4% U-235	


92.6%  
U-238 &  
U-236 

	  

Spent 	

Fuel	


0.8% U-235	

1.2% plutonium	

5.4% fission products & 

other radioisotopes	


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	




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. 

Tunnels 500 meters down 

Forsmark Nuclear 
power plant, Sweden 



Deep borehole disposal? (Sandia, 2012) 

Depth of mined 
repository  


