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QuickTime™ and a
 decompressor

are needed to see this picture.

Avner Vengosh, Duke University  
 
Rooting Out Radioactive Groundwater (Geotimes, May 2006) 
 
When the Chernobyl nuclear power plant exploded in 1986… The accident 
demonstrated the fragility of any nuclear facility and raised the level of 
awareness over the health threats that radiation poses to people and the 
environment.  
…the general population is still at risk from a different source: Naturally occurring 
radioactive particles exist in many groundwater systems worldwide… 
The global community must aggressively address these challenges, to ensure 
a safe water supply. 

Laurence A. Coogan & Jay T. Cullen, University of Victoria 
 
Did natural reactors form as a consequence of the emergence of oxygenic 
photosynthesis during the Archean? (GSA Today, October 2009) 
 
Natural reactors act as point sources of…toxic byproducts. 
Natural fission reactors would clearly be environmentally detrimental. 
…whether the formation of these natural reactors had any significant biocidal 
impacts… 





Letterhead of anti-nuclear group on the fringe of                                                      
Lawrence Livermore National Laboratory 



http://www.clarku.edu/mtafund/prodlib/clark/round6/Ionizing_Radiation.pdf 



 
“normal”   Ramsar 
 
Radium in groundwater (Bq/l) 

 <10   ~500 
 
Radium in soil, rock, food (Bq/g) 

 <0.5   ~350 
 

Radon inside homes (Bq/l) 
  <0.5   >4 

 
Population dose (mSv/yr) 

 2-3   20-250 
 

“Normal” or average 
v. highest known 

natural background 
radiation on Earth 



Half lives calculated back into the 
past result in double lives for 
radioactive elements,  
and an incremental terrestrial 
background level back into geologic 
history many times higher  
than today’s levels. 
 

Life evolved under background 
levels of ionizing radiation  
much higher than the current range. 
 
Paraphrased from: Gerald L. Looney, 2003 “Radiation Hormesis and the Radiological Imperative”  
(http://ecolo.org/documents/documents_in_english/radiation_Looney_03.htm) 



When life commenced  
on Earth around  

three and a half billion 
years ago,  

the natural level  
of radiation  

was up to five times 
higher than today.  

Peter A. Parsons, Dose Response. 2006; 4(3): 191–200.  
Published online at: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2477689/  













511m 

725 & 750m 

Asse 

Matterhorn 
granite 
height  1.5 km 
volume 2.5 km3 

1016 Bq 

    Morsleben 
 

height 0.4 km 
volume 0.04 km3 

 
height 0.9 km 
volume 0.6 km3 

Asse 

granite: 1 km3 = 5x1015 Bq  

ng(o)3 



If not us, 
who? 

 
If not now, 

when? 
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Geologic repositories for radioactive waste in rock salt in two countries 
(Germany and the U.S.) are in trouble. Aside from reasons of purely political 
expediency and largely unexamined trust in regulatory rationality, their 
difficulties stem from poor understanding and appreciation of basic scientific 
data and their interdisciplinary implications. 
 
Most natural sciences address and teach nuclear and radioactive subjects at 
their margins -if at all- because published, including much academic, opinion 
presents them as controversial and associated with unique risk. As 
congenitally multidisciplinary scientists and educators, earth scientists are 
quite well suited to elevate nuclear and radioactive matters to their proper 
position as the fundamental and integrative cement between the earth and 
related natural sciences. 
 
Progress in energy and mineral production, as well as in safe and 
environmentally sound waste treatment and management depends on such 
comprehensive and rational approach. 



modified from Bjorn Lomborg’s book title 





Geology isn’t  
a real science 

 
 

Sheldon Cooper, Ph.D. (fictional theoretical physicist in TV series “The Big Bang Theory”) 

ng(o)3 

X 



translated from:  http://www.novo-argumente.com/artikel/99/novo9943.pdf 

Schematic of  
Asse repository 

 0.5 km3 overburden rock contains: 
 
   4 000 t U        1014 Bq 
 12 000 t Th         5x1013 Bq 
   3 500 t K-40        1015 Bq 
 

activity stays essentially unchanged for millions of years 

former salt and potash mine 

1 km 

1 km 

0.5 km 

Waste inventory: 
    100 t U 
    100 t Th 
    10 kg Pu 
 
Activity of all waste: 
In 2000:    3x1015 Bq 
In 2140:  <3x1013 Bq ng(o)3 













Romantics might like to think 
of themselves                                                                        
as being composed                
of stardust. 
 

Cynics might prefer to think  
of themselves  
as nuclear waste. 
 
Simon Singh, Big Bang: The Origin of the Universe, p. 389 
(Fourth Estate 2004) 



 
 
 

83% of present surface heat flow is due to 
radioactive decay of U, Th, and K  
http://www.und.edu/org/ihfc/Gosnold_AAPG07.ppt#316,18,Global Heat Flow 
 
 

Geothermal energy is                               
the ethical energy source for the future 
http://www.heatflow.und.edu/Gosnold2Geothermal.ppt#263,1,Geothermal Energy is the Ethical Energy Source for the Future 

 
 
 
 





























(15 mrem = 0.15 mSv) 

(100 mrem = 1 mSv) 



Figure 1: Cleanup Costs As A Function 
of Cleanup Levels—Nevada Test Site 
Analysis, 1995 

http://www.philrutherford.com/Radiation_Risk/GAO_252_testimony.pdf 

GAO/T-RCED-00-252 



http://www.manmed.de/seiten/themen/veranstaltungen/kongresse/hannover/Strahlenschutz%20-%20Sinn%20und%20Unsinn-Roth.pdf 

In radiation protection one ounce of gray matter outweighs one ton of lead 

(F. Wachsmann, 1969) 





 

Insistence on, and           
cadaverous compliance with, 
regulations without continuously 
questioning and justifying           
their factual and rational basis 

  
  is the last refuge of                  

the lazy, incompetent, and 
malevolent  

ng(o)3 





















The verbatim quote: 



















http://hps.org/physicians/documents/Radiation_Benefit_and_Risk_Assessment.pdf 
 




