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Personal Interests:
Fluids in the crust
Earthquake cycle, IS & TS
Seismicity-permeability relations
Transport in fractured reservoirs
Permeability control

Applied to:
Deep geothermal, CCS, generic reservoirs
Liquid and gas fracturing
Stress measurement
EQ/hydrothermal/volcanic processes

Not:
Underground construction
Tunnelling
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Past as Prologue….. DUSEL 1.0 … to … SURF X.Y

http://www.sanfordlab.org/publications/bge-sciencedusel
Google: bge science dusel

https://slidetodoc.com/download.php?id=315918
Google: dusel interdisciplinary science

http://www.sanfordlab.org/publications/bge-sciencedusel
https://slidetodoc.com/download.php?id=315918


Biology, Geosciences, Engineering ….. 2010 DUSEL Grand Challenges
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NASEM-NSF Geosciences & NAE Grand Challenges

Below from: Lapusta, N. et al., 2019, Modeling Earthquake Source Processes: 
from Tectonics to Dynamic Rupture, Report to the National Science Foundation. 
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Attributes of SURF for BG&E Grand Challenges
Pro
Large Spatial Scale – Access to 
heterogeneous/opaque block at km-scale
Large Depth – Elevated stress and 
temperature
Long Term Occupancy – Continuity
Low Background Noise – Seismically
Proximal Access – To processes/expts. At 
depth
Active Experimentation –
Ameliorates constraints 
of the (very specific)  geologic 
environment 

Con
Merely One Environment – Rock type/non-sedimentary
Many Competing Locations – Some with more-
favorable/specific attributes

CJPL

Bedretto
Beishan
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SURF Recent/Current Portfolio



• What is an earthquake? [NSF Decadal Review, 2020 + Lapusta et al., 2019]
• Nucleation, rupture and termination
• Precursory signatures and AI/ML
• Spectrum of slip modes – slow to fast (1)
• Magnitude invariance of stress drop (2)
• Scaling controls on Mmax–vs– delta V (3)
• Role of in situ stresses
• Slow –vs– fast EQ-slip influence on permeability
• Controls on permeability through the EQ cycle (4)
• Relations among rupture/healing and breaching/sealing

• What are the interactions among complex subsurface processes?
• Adaptive control of fluid transport/permeability (SubTER & Collab)
• Stimulation methods (sub- and super-sigma_3) (Collab)
• Proppant transport – roles of tortuosity
• Novel methods of stimulation – energetic and soft

• Can we view complex underground processes in action?
• Sensing for state and constitutive behavior
• Distributed sensing methods (fiber) + others
• Testbed data sets for AI/ML
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What big science questions will need to be addressed?

(1)

(2)

(3)

(4)

[Li, …, EGS-Collab, Nat. Comm., 2021]

[from, Lapusta et al., Community Rept. to NSF, 2019,]
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What are the approaches to addressing these questions?

𝐴 = 𝑤𝐿

URL Scale Laboratory Scale

Across-the-scales

[Li, …, EGS-Collab, Nat. Comm., 2021]

[Lapusta et al., Community Rept. to NSF, 2019,]
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Facility Needs? – c. 2010 View of DUSEL/SURF

https://slidetodoc.com/download.php?id=315918
Google: dusel interdisciplinary science

2020-2040 Needs?
Distant from physics experiments?
Range of depths: stresses/temp
Access to geological structures 

.. faults? .. others
Vertical/horizontal section access

.. for non-active experiments
Opportunity alcoves and adits

.. use mobilized equip.

.. clearance for drill rigs/tools
Normal utilities/supplies

.. water, power, internet…

+ Funding to do the science …

https://slidetodoc.com/download.php?id=315918
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Assistance with Community Involvement and Outreach Efforts?
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