
Fukushima Daiichi, Japan (3/11/2011)        
 M9.0 Earthquake, 15m Tsunami  
 Emergency generators failed 

   Pump failures, Coolant Loss 
   PWR Reactors 1-3  overheated, meltdown 
   Explosions 
 Radionuclide Release  (24 MCi  ~ 1018 Bq) 

   More explosions, Spent fuel (>1500 rods) in Unit 4 exposed 
 Evacuation of >150,000 people 

   Permanent evacuation of 12-mile radius 
 
   Planned phase out of Japan’s nuclear power industry 
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M 9.0 EQ;  15 m tsunami
230 miles NE of Tokyo, depth 17 miles
March 11, 2011

Natori,  Miyagi prefecture



Fukushima	Daiichi	nuclear	power	plant	
Nov	15,	2009	

NYT 



Fukushima	Daiichi	nuclear	power	plant	
March	14,	2011	

NYT 



NYT 11/13/11Fukushima- spent fuel pool, Reactor #4



TEPCO abandons robot stranded inside Fukushima plant

CNN 4/14/15



Fukushima desertion 
w/i 12 mile limit

Latest: 3/2017   Japan’s Nuclear Regulation Authority (NRA) has accepted restart applications 
for 26 nuclear power plants     NEI

NYT 11/13/11



Financial Problems  
 Delays, Regulations, Permits, Cost Overruns 
 LILCO  Long Island Lighting Co., Shoreham Plant-  
   $300 million est. cost in 1973   =>  $5.5 billion when completed in 1984  
    Never produced power 
    Sold to state for $1 in return for rate increase  

 
 WPPS   Washington Public Power Supply System  
   115 utility consortium 

     Defaulted in 1983 on $2.25 billion in municipal bonds 
 

 USA:  World’s largest supplier of commercial nuclear power 
  ~70 Utility lawsuits against fed for no waste removal; totaling several $B  
    Maine Yankee won $82M settlement  
 10 plants need to be decommissioned, at $1 B each 
 12 failed nuclear projects have caused near financial ruin for the utilities 

 
 Many investors would now sell stock if nuclear construction plan were  
  announced by utility.   

------------------------------------------ 
    2012       Missouri: CWIP debate   /    2012 SMR proposals 
    8/2012   US Court of Appeals: No confidence ruling re waste disposal 
 

 3/29/2017 Westinghouse: Chapter 11 bankruptcy; due to $9 billion of losses from reactor construction  
 



Health Risks:  Symptoms may be delayed for years. (EH&S, p. 16ff; Faure 1986) 
 

Chronic Radiation Syndrome:   
  Cancer; Mutations 

       Other: Bone necrosis; Cataracts; Fetal damage; Aging 
 

Acute Radiation Syndrome (Radiation Sickness)  
 Cutaneous: Beta burns; Epilation; Skin Reddening; Blistering; Atrophy; Fibrosis 
 Hematopoietic (blood cell drop): Leucopenia; Infections; Anemia 
 Gastrointestimal: Nausea; Diarrhea; Vomiting; Pain 
 Neurovascular:  Dizziness; Headache; Shock 
  
  LD 50 in humans ~ 500 Rem (~ 5 Gy);   
    >800 rem = 100% fatal; 

  161 mrem average dose for US citizen;  
  85 mrem natural bkg;       
  15-65 mrem for medical X-ray 
    

cf.    Accidental event     vs.    Intentional detonation 
            (e.g., 25 rem, Chernobyl)               ( > 2 Gy => 200 rem, Rongelap Island) 

Marie Curie 1867-1934
Discovered Po, Ra

AIP



Radium Girls 
United States Radium Corporation 
~1920          Wikipedia



http://journalism.berkeley.edu
/faculty/chakarova/treatment.html



   RADWASTE   (Nuclear Waste Primer, p. 10) 
  

 Uranium mining & mill tailings: largest volume =  108 m3 in 1983   
   AZ, CO, NM, ND, OR, PA, SD, TX, UT, WA,WY 
    Much blowing around 

 

 LLW (Low level waste): 4 x 106 m3 (1990):   
   Contaminated gloves, tools, medical supplies, etc. 
   Both government & commercial sites 
   Commercial LLW sites:  
    Hanford WA; Barnwell SC; Grand View ID; Clive UT  

 

 Spent Fuel Rods 
    45,000 tons total in 2014    (160,000 assemblies)    
   Most in pools @ reactor sites  
   Serious storage problem;  $7 M/yr cost at closed Maine Yankee plant    
   Not reprocessed for 235U and Pu in the USA 

 

 TRU (transuranic waste from reprocessing) 2.5 x 105 m3 (1983) @ govt. sites 
  

 HLW (mostly liquid from reprocessing) 3 x 105 m3 (1983) @ govt. sites 



RADWASTE PROBLEMS 
Many different types of radwaste  
   Different properties   
    Activities (intensities) 
    Types of radiation emitted 
    Timescales: Some hot for 104 to 105 y  
    Different physical (liquid, solid) & chemical forms  

  

 Many short term procedures were used in past 
 

Originally, only a tiny % of the funds dedicated to nuclear production,   
   commercialization & defense was directed toward disposal 

 

 Large volumes accumulating, spent fuel rods kept @ reactor sites!   
  Security problem ? 
 

  => Only 4 commercial disposal sites (LLW) are operating in USA: 
     Hanford WA  
    Barnwell SC 
    Clive UT        
    Andrews TX;    Beatty NV now closed;  Grand View ID?   
  

Now, individual states must solve their problems; 10 regional compacts 
   => By 1980, need for permanent solution became obvious  



  Types & Volumes of Radwaste:  (esp. Nuclear Waste Primer,  p. 10) 
 
   Entire cycle of mining, milling, purification, enrichment, 
 power generation,  reprocessing generates waste (Fig. 22 Benarde, p. 355) 



http://www.isis-online.org/publications/
fmct/primer/Section_III.html

“Closed” Nuclear Fuel Cycle



http://www.isis-online.org/publications/
fmct/primer/Section_III.html

“Open” Nuclear Fuel Cycle



http://www.isis-online.org/publications/
fmct/primer/Section_III.html

Incomplete Nuclear Fuel Cycle



Uranium mining & mill tailings   
  > 108 m3,  Low A;  mostly a  but  b, g  in decay products 
Mostly fine sands & dust after processing.   
Most U and other radioactive material  stays behind 
  Tailings contain significant  238U ->  230Th  -> 226Ra  -> 222Rn gas 
  Problem will remain for a long time because of 77,000 y T1/2 of 230Th  
Largest volume = >108 m3 in 1983, est. 2 x larger by 2000 AD   
   (AZ, CO, NM, ND, OR, PA, SD, TX, UT, WA,WY) 
Much blowing around, on grazing lands and even near buildings 
 

Use of uranium tailings as fill & building materials (concrete, etc.)  
   Grand Junction CO   
  ID, NM, UT (1960's) 
  For 20 y, 30,000 people exposed to Rn levels up to 7x that allowed for U miners 

 

Earthen dam failure @ Church Rock, NM 
  100 tons (seems small!) of U tailings in stream 7/79 

 

Uranium Mill Tailings Act (1978) DOE responsible for cleanup & management 



LLW (Low level waste):   3 x 106 m3 (1983),  Low A,    a, b, g  

Low level radioactivity, mostly w/ short T1/2    
  => decay to level of U ore in 100 y 

 

Contaminated gloves, clothing, tools, medical supplies, wipes, animal carcasses, 
  B-52's, etc.  

 

Generated @ government & commercial sites, inc. hospitals, labs, power plants. etc. 
 
Large volumes 
 

LLW: in 1940's and 50's buried in shallow trenches; 
 e.g. LLNL Site 300 (designated as Superfund Aug. 1990) 
  Firing Tables- detonation experiments used 238U, T, Be, Pb; placed much   
  LLW in unlined excavations dug in 1958 & 1968  
  Heavy rains in 1982-3 caused leakage      > 1 km migration of T plumes   

 

Dumped at sea - to 1970, tens of thousands of tons cast in concrete, put in steel drums  
  International site 800 km from England, 5 km deep 

 

Now shallow burial @ Government sites or @ one of  4 commercial sites: 
  Hanford WA; Barnwell SC; Clive UT; Andrews TX 



LLW

http://www.ccg.leeds.ac.uk/
mce/mce-wast.htm



LLW
35 DOE facilities
20,000 commercial generators 

EPA (1990)



USGS

USGS



Radwaste Barrel and Crab
Farallones Dumping ground
47,800 drums dumped from 1946-1970

USGS



Cleanup under way at shuttered Hematite nuclear fuel factory
StLPD 11/24/12

Hematite, MO
Nov 2012   
Cleanup allegedly completed 2016



West Lake Landfill
St. Louis



LLNL Site 300 
Firing table detonation  
High explosive 
(charge for nuclear detonator)  
 



LLNL Site 300~ 1 km
Tritium Activity
1 TU = 3.2 pCi/liter



Spent Fuel Rods (type of HLW) 
4600 m3 (1983); Very High A;  b, g but eventually a

Highly radioactive-requires heavy shielding, remote handling 
  

Many fission products, e.g. . 137Cs, 90Sr are β, γ emitters w/ intermediate T1/2  

Require 500-1000 y to cool down,  
 Rods also contain very long lived a emitters, e.g. 24,000 y Pu   => hot indefinitely    

 
Most in pools @ reactor sites => Serious storage problem.     

  
Original plan- store @ reactor site for 5 month cool-down,  

 then reprocess for 235U and Pu.   
  

However, reprocessing of commercial rods  in the USA was banned by Carter 
 => fuel rods accumulating @ reactor sites,  
  w/i large steel canisters or lined concrete pools of water 

 
 2010:  ~70 Utility lawsuits against fed for no waste removal; totaling several $B    

    Maine Yankee won $82M settlement  
 



National Geographic 8/1991

Cerenkov Radiation 
(>c)



NRC

Dry Cask Storage
50 sites in USA



  HLW     3 x 105 m3 (1983) @ govt. sites;  High A;   b, g but eventually a

Highly radioactive- requires remote handling

Again, have Fission products = many b, g emitters- will be hot for 1st 500-1000 y 
   then a emitters will dominate  
   
  Mostly liquid from reprocessing defense reactor fuel rods- 
    chemical separation of Pu & U from fission products 
 
  Originally placed in carbon steel drums @ Hanford 
   Stainless steel  drums were not available during wartime  
   20 tanks have leaked 450,000 gal 
   Must solidify HLW and place within a geologic repository 

 



TRU   Transuranic waste from reprocessing 
 2.5 x 105 m3 (1983) @ govt sites;  Moderate A;  mostly  a  emitters 
 

= Waste containing alpha emitters w/ atomic # > 92 (U) 
 
 Less radioactive than fission products (because of long T1/2,  
   but this characteristic requires long term isolation 

 
 Originally buried w/ LLW;  

       now stored for later disposal in geologic repository 
 
=> WIPP  near Carlsbad NM      open since 1999 
 



RADWASTE SOLUTIONS: 
   
1) Dilute & Disperse (if low activity)      fertilizers! 
 
2) Delay & Decay  (if short lived) 
 
3) Reprocess 
 
4) Concentrate & Confine w/ Engineering & Geologic Barriers (if long-lived)  

 1st   Solidification of liquid waste   cement 
 Vitrification- borosilicate glass logs (French) 
 Ceramics 
 SYNROC ("synthetic rock" invented by geochemist A.E. Ringwood) 
  Titanium oxides, stable in contact w/ high T brines 
 Seal in stainless steel canisters 
  Place canisters in geologic repository >1000' down,  
  Pack with zeolites, clays. 
  Permanently seal when full 

 
 Geologic repository: Investigated many types,  
 inc. salt domes, basalt, granite, etc.  



WIPP     
Waste Isolation Pilot Plant,  
26 miles from Carlsbad NM 
 
Transuranic Waste Disposal (a) 

Repository  
  Salt bed, 2000’ thick 
  2150’ deep  
  Opened March 99 
  3 trucks/week 

 



http://www.nukewatch.org/wipp/WIPP/graphics/wherewippcoming.jpg



energy.gov



http://www.radiochemistry.org/wipp_tour/01_wipptour.html WIPP



Waste Shaft @ WIPP
45 ton hoist



Sandia



WIPP

energy.gov

WIPP
Salt, 2150’ down



WIPPWIPP
TRU disposal @ 2150’

Haul truck fire;  Radionuclide release  Feb 2014; closure of facility
1st shipment since closure: 4/2017

energy.gov



Yucca Mountain,  Nye Co., southwest Nevada  
 

1987  Selected as 1st geologic repository 
 

Bush & US Senate approved site in 2002 
 

Favorable Characteristics 
  Part of NTS (contaminated, federal ground)  
  Sparsely populated 
  Interior drainage (Great Basin) 
  Low water table, arid climate 
   Repository 1000’ deep, but 1000’ above water table 
  Ash flow tuff- helps retard migration of radionuclides 
  Volcanic & earthquake activity ? 

 
 
Plan abandoned 2010:   Total Spent > $13 B 
 
2010:   ~70 Utility lawsuits against fed for no waste removal; totaling several $B  
    Maine Yankee won $82M settlement  



Spent Fuel & HLW destined for geologic disposal

DOE



DOE





DOE



Repository Level
Topopah Spring Welded Tuff

DOE



DOE

titanium



Final Thoughts: 

Nuclear power is the only energy-producing technology which 
takes full responsibility for all its wastes and fully costs this into 
the product. 

The amount of radioactive wastes is small relative to wastes 
produced by fossil fuel electricity generation 

Spent nuclear fuel may be treated as a resource or simply as a 
waste. 

The radioactivity of all nuclear wastes diminishes with time.  

Safe methods (deep geologic disposal) for the disposal of high-level 
wastes are technically proven 

http://www.uic.com.au/nip09.htm



Final Thoughts: 

Nuclear power is the only energy-producing technology which takes 
full responsibility for all its wastes and fully costs this into the 
product.   No – highly subsidized by NRC, DOE etc. 

The amount of radioactive wastes is small relative to wastes 
produced by fossil fuel electricity generation.  CH4 - no solid waste 

Spent nuclear fuel may be treated as a resource or simply as a 
waste. or as a security hazard.                                                          
Also, fuel is not “spent”;  the radioactivity is very high.  

The radioactivity of all some nuclear wastes diminish with time.      
Radioactivity of waste at West Lake Landfill will INCREASE for 9000 years   

Safe methods (deep geologic disposal) for the disposal of high-level 
wastes are technically proven   but not available to utilities  

http://www.uic.com.au/nip09.htm


