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Two Updates  
• ISRM (International Society for Rock Mechanics) Commission on URL 

Networking among 

  Physics Deep Labs, e.g., ApEPC (Astropazrticle Physics European Consortium  

 Rad. Waste URLs, e.g., IAEA (Int’l Atomic Energy Agency) Network 
  Borehole Complexes URLs, e.g., AGU (Am. Geophysical Union),  

  ARMA (Am. Rock Mechanics Association),  ISRM, …. Meetings 
 with Focus on Large/Deep Excavations, Damaged/Disturbed Zones along Drifts, Stimulation/Barrier 

associated with Withdrawal /Injection of Energy Resource Recovery/Environmental Disposal Issues  

 
   
 

 
 

• DCO (Deep Carbon Observatory), C-DEBI (Center for Dark Energy Biosphere  
      Investigations),  NASA (Nat. Aeronautics and Space Agency)  

    Astrobiology on Deep Life Search 
 

    Evolution and Biodiversity 
 



Commissioners and URLs 
Joseph S.Y. Wang, Berkeley 
John A. Hudson, IC – ISRM President 2007-2011, DECOVALEX2015 (4 URLs) 
Gilles Armand, ANDRA - Haute-Marne 
Alessandro Bettini, U. Padua – LSC (LNGS) 
Paul Bossart, Swisstopo - Mont Terri  
Rolf Christiansson, SKB - Äspö HRL 
Maurice Dusseault, U. Waterloo - Slurry Injection 
Derek Elsworth, PSU – SURF  
Yves Guglielmi, Aix Marseille U. - LSBB (HPPP) 
Peter K. Kaiser, Laurentian U./CEMI - SNO, nDMO 
Kimmo Kemppianen, Posiva - ONKALA 
Chris Laughton, Samsung - Fermi LBNE 
Shaojun Li, IRSM - CJPL 
Xiangling Li, EURIDICE - HADES 
Azra Tutuncu, CSM/UNGI – Unconventional Gas/Oil Production 
Xia-Ting Feng (ex officio), ISRM President, IRSM 
John Tinucci (ex officio), ISRM VP North America, SRK 

DEDC/DURA Chair 2010 
Derek Elsworth 

` 
` 



Some AGU Sessions/Speakers, Dec 2012 
 • Fluid Dynamics: SP Neuman, Arizona U.; RW Zimmerman, Imperial 

College; LJ Pyrak-Nolte, Purdue; D. DePaolo, UCB; (and JSY Wang, Berkeley, 

on fracture flow & URLs) 
• Energy and Resource Recovery: WF Brinkman, DOE Office of Science,  

M McNutt, USGS, J Ehle, NRC Research, M Zoback, Stanford, M Hitzman, 
Colorado School of Mines, J Tester, Cornell , Sid J Green, Schlumberger + Panel 

• URLs: B Sherwood Lollar, Toronto, Y Guglielmi, Axi-Marseille,  

C Nussbaum, Mont Terri, D Vardiman, SURF, HF Wang, Wisconsin,  

AJ Martin,  NAGRA, R Geise, Reiche Zeche, T Mizuno, Horonobe, … 

• Biology: DP Moser, Desert Research Institute, + 3 Invited Lectures 
• Natural Hazards & Earthquakes: ( 8 Lectures) 

 



History/Projection of Renewables, Biomass, Natural Gas, 
Coal, Petroleum/Other Liquids (WF Brinkman 2012 AGU)  



Example of Petroleum Development and  
Environmental Concern (M McNutt 2012 AGU)  



Life in Inner Space:  
Subsurface Microbiology in  
Deep Mines and URLs  
B. Sherwood Lollar, U. Toronto 
T.C. Onstott, Princeton U. 
C.J. Ballentine, Manchester, UK 
E. van Heerden, Univ. of Free State, SA  
T. Kieft, New Mexico Tech 
 



Subsurface life exists beyond the 
deep hot biosphere …  



International Underground 
Research Labs 

SNOLab, Sudbury 
Ontario, Canada 
 



Precambrian Shield cratons 
• Oldest rocks on Earth at > 2-3 Ga 
• Tectonically quiescent “cool” continental 
• Dominated by lower T crustal  
 water-rock interactions (WRI) 
• Saline fracture waters where 
 products of WRI accumulate in  
 hydrogeologically isolated networks 
• Dissolved gases (mM H2, CH4, C2

+) 
• Radiogenic noble gases derived bulk 

residence times up to tens of Ma 
 

 



Lin et al. (2006) Science: 
South Africa 
 
Sherwood Lollar et al. (2007) 
Astrobiology:  
Canadian Shield, Finland 
 
Sherwood Lollar (2012 AGU,  
 & to be published):  
Precambrian rocks worldwide 



IPTAI:  Arctic permafrost,  
Mars analog 
 
NELSAM: 3.8 km SA URL 
 
LExEn: South Africa mines 
 
 
DEDC/DURA: DUSEL 

Onstott et al (2009) Microbe, New Horizon 



from Tullis Onstatt’s web site  

The 
Witwatersrand 
Deep 
Microbiology 
Project 



Great Basin U.S.: NV, CA, SD, ... 
NTS, Death Valley. Truckee, … 
 
DCO -  
 Census of Deep Life 
NASA Astrobiology -  
 Life Underground (including SURF) 
 
 

Desulforudis audaxviator 
Chivian, D., E.J. Alm, E.L. Brodie, et al., Science, 2008.    
TC Onstott, Tom Kieft, Jim Fredrickson, Fred Brockman 

DURA (2012)  
Biology at SURF => 
 
AGU (2012) B31F-08:  

> 99% certainty 



Bang & Anderson (2010) 
South Dakota Academy: 
microbes in Homestake 
 
Meyer et al. (2011) 
Geo-Frontier: 
microbiological-induced 
soil stabilization 
 
Bang, Anderson, Moser 
(2012) DURA: 
physical , chemical  
variables; gas, isotope  
data;  4B sequence 
distributions of  
Homestake water, mud  
samples 
 



Bhalla et al (2013) 
Bioresource Tech: 
biofuels 
 
Rastogi et al (2013  
Frontier in Micro 
-biology: 
ethonol  and  
1,3-propanediol 
 
 
 
 
 



 
•Cynthia Anderson, Ph.D.  
•SD BRIN Programs Coordinator   
•Cynthia.Anderson@bhsu.edu 

mailto:Cynthia.Anderson@bhsu.edu�




Site Visits to SURF and Soudan 

Also  Vreeland et al (2000) Nature: 
WIPP salt inclusion, 250 Ma bacteria 



2012 Dec ASPERA-2 on SURF & URLs Microbiology 

Elsworth et al  on SURF BGE 

Micheau et al on LSM E Coli Fratini on LNGS cells Walker on FP7 CAREX 

Cockell et al on Boulby BISAL Villano on SOUDAN 



Synopsis 

URLs, including SURF, contribute to determination if the total 
underground biomass rivals the total biomass of all life on the 
surface; & if life can be sustained without photo- synthesis (i.e., by 
radiation, hydrogen, sulphur, methane, …).  
         Evolution & Biodiversity 
Acknowledgements:  Contributions from Barbara Sherwood  Lollar, Duane P Moser, Sajesh K Sani  are greatly  
appreciated.  I also take  the  liberty of adopting the web site, literature search , presentation , and early email 
information  of  Cynthia Anderson,  Sookie S Bang,  David F Boutt , William F Brinkman,  Eoin L  Brodie,   
Charles Cockell, Derek  Elsworth, Emillano Fratini,  Terry Hazen, Tom L Kieft , Xavier Mayali, Marcia  K McNutt,  
Pierre Micheau,  Tullis C Onstott. Wendy Pitlick,  Nichola Walter, David Varidman, Russel H Vreeland , and Antonny 
N Villano.  Helps from fellow Commissioners are also greatly appreciated. 

Moser (2009) Mayali et al (2012) Yergeau et al (2009, with E Brodie) 
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