Geology/Geological Engineering
Research in Underground Laboratories

W. Roggenthen
SDSMT

Oct. 6, 2020 SOUTH DAKOTA MINES



The Use of Underground Research Laboratories to Support Repository Development October 26, 2015
Programs: A Roadmap for the Underground Research Facilities Network

Project Where <1960 1970 1980 2000 <2010

Lyons Mine (Project Salt Vault) usa URL and SNF demo

Asse Mine Germany LLW/ILW currently in remediation
Stripa Mine Sweden

Climax Mine usa Farmer nuclear testing; SNF demo
G-Tunnel usa Former nuclear testing
Fanay-Augeres France Former uranium mine
HADES-URF* Belgium

Konrad** Germany Being developed as a repository
Grimsel Test Site Switzerland

AECL URL (Lac du Bonnet)* Canada

Gorleben** Germany NOTE: Timelines Operations curtailed 2012
WIPP** UsA accurate to UAL testing for heat-generating waste
Amelie France approx. 13 years. Farmer potash mine

Tono Mine Japan

Kamaishi Mine Japan

Toumemire Tunnel France Salt Farmer rail tunnel

Aspo HRL* Sweden Crystalline

Olkiluoto Research Tunnel Finland Tuff Developed for LLW/ILW investigations
Mont Terri Switzerland Plastic clay Farmer highway tunnel

Pecs** Hungary Argillaceous Farmer uranium mine

ESF (Yucca Mountain)*®* usa rsedimentary

Busted Butte® usa [TTTTTTTTTT]

Bure URL (Meuse/Haute Marne)** |France

Maorsleben** Germany *  Purpose-built, generic LLW/ILW repository 1981-1598
Mizunami URL* Japan ** purpose-built, site-specific

ONKALO*™ Finland (Generic pre-existing URLs have no marks)

Horonobe URL* Japan

Korea UG Research Tunnel*® Rep. of Koreg

NOT SHOWN: Some early U.S. URLs [Avery lsland, CSM Mine, NSTF, etc.) and some recent URL developments in the Czech REpuhiic, Canada, China, and elsewhere.

McKinnon, 2015
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Interests of Geology and Geological
Engineering in the deep environment

What makes deep labs special?

* stress

* temperature

* variations in permeability/porosity

* variations in geologic environment/chemistry
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mmm)  Previous work shows a strong preference for
having distributed sites



An Example:

EGS Collab Project

Investigating the relationship between permeability
creation, induced seismicity, and heat production in
crystalline rocks for Enhanced Geothermal

Systems (EGS).

Project is testing and verifying computational models
that can be used in EGS or the Frontier Observatory for
Research in Geothermal Energy (FORGE) EGS field
laboratory

Nine US DOE National Laboratories, seven academic
institutions, and three companies

Sanford Underground
Research Facility

A

Gl V. & Governor's
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EGS Collab 7.

https://eesa.lbl.gov/projects/the-egs-collab-project/

https://gdr.openei.org/egs collab
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https://gdr.openei.org/egs collab




What was required?

Same as the large physics experiments:
* Power
* Water

Ventilation

Ground Support

Logistical Support from SURF
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Same as the large physics experiments:
* Power
* Water

Ventilation

Ground Support

Logistical Support from SURF

N But at much smaller scale and
usually in a more remote location



Commonalities among Geo/Geo Eng. experiment types:

* May require distributed systems (multiple smaller sites)

Often should be somewhat isolated due to requirements for:

e Noise reduction

Passive geophysics; may also be necessary for
some active geophysical applications

* Non-interference from other experiments

Reduction in travel through the area; competition
for logistical support

* Take advantage of specific geologic features,
e.g. faults, fracturing

Experiments are often tied to specific features in
the subsurface or to particular
formations/chemistries

* If actively interrogating the rock, want to
ensure that it does not interfere with other
experiments or experimental areas

Necessary to ensure that induced fracturing or
fluid injection does not adversely impact other
types of experiments




Future Directions:

An Example:

Fluid flow in faults and fractures

Applications:

* Fluid flow in the upper crystalline
crust

* Repository integrity

* Geothermal development (flow in
both natural and induced
fractures)

EarthLab, 2003



Experimental Directions on the Horizon

* Stress determination and effects

* Temperature influence on rock deformation
* Improvements in geophysical techniques

* Improvements in Tomography/Imaging

*  Seismic
* Electrical resistivity
*  Muon

* Geoneutrinos

* Validation/evaluation construction modeling

* Testing and development of instrumentation, including
excavation, ventilation, and ground stabilization



View along the long axis of a horizontal borehole with
breakouts showing effects of stress — 4850 Level SURF

http://sanfordlab.org/




