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Highlights of  work at USC Introduction Future opportunities/ challenges 

Total GWh Renewable Energy Use in California

Biomass, 

5,574

Geothermal, 

13,771

Small Hydro, 

5,146

Solar, 758

Wind, 3,491

Geothermal 

Electricity 
Generation 

 4 – 7 cents/kWh 

13 billion kWh  
2003 

33 billion kWh 
2025 

Geothermal Heat 
Pumps 

most energy 
efficient 

 environmentally 
benign 

heating and 
cooling  

Direct Thermal 
Use 

Agriculture 
(greenhouse and 

soil warming) 

Aquaculture   
(fish, prawn, and 
alligator farming) 

Industrial Uses 
(product drying 
and warming) 

Residential and 
District Heating 

Balneology (hot 
spring and spa 

bathing) 

Enhanced Geothermal Systems (EGS) 

Source for figures: US DOE, Lawrence Berkeley National Laboratory, search and discovery portal, Colorado School of mines, University of Alberta, University of Southern California, esg solutions  

High 
temperature 

in-situ 
fluid 

High 
permeability 

Hydrothermal 
reservoirs 

lack of   

  in-situ fluid 

lack  of high 
permeability  

lack  of 
both 

Picking the P-phase and S-Wave Arrivals using 
manual or auto picking methods 

Creating both 3D compressional and shear velocity 
models 

Enhancing the 
resolution of 

Velocity models 
using Geostatistical 

tools 

Obtaining stress and elastic properties of the 
reservoir 

Calculating location and magnitude of events 

Fractal analysis 

Find fracture pattern, 
connectivity, and 

mechanism 

b- value analysis 

Predict size distribution 
of fractures, investigate 
the source of fracture. 

Fuzzy Clustering 

Find fracture movement 
direction and 

penetrating zones from 
stimulation. 

Microseismic 

Conventional 
seismic 

Well logs 

Geology 

Production 

Integration 
using 
novel 

schemes 

ANN Joint 
inversion 

Geo-statistics 

Hybrid ANN 
– FL - GA 

Inverse 
Modeling 

Fracture 
model 

Reservoir 
properties 

Improved 
characterization 

Improved 
reservoir 

management 

USC CENTER FOR GEOTHERMAL STUDIES (CGS)  

DISTINGUISHED SPEAKER PROGRAM (DSP)  

October 6, 2011: Advanced seismic imaging for geothermal development, John N. 

Lourie, Great Basin Center for geothermal energy 

August 23, 2011: Overview of Star Energy; Focusing on Immediate and Future 

Geothermal Project Development, James A. Slutz, Director, North America Star 

Energy 

July 25, 2011: California Energy Commission’s Geothermal Program: Development 

of Geothermal Energy in California Pablo S. Gutierrez, Geothermal Program, 

California Energy Commission 

June 30, 2011: Advances in integrated EM for geothermal exploration, K.M. Strack, 

KMS Technologies 

May 17, 2011: Induced Seismicity, Issues and Paths Forward. Ernest L. Majer, 

Lawrence Berkeley National Laboratory 

March 23, 2011: Bombs, Bears and Hot Water: Geothermal Prospecting at Mt. Spurr, 

Alaska, Brigette Martini, Ormat technologies Inc. 

February 21, 2011: Seismicity at The Geysers, Katie Boyle, Lawrence Berkeley 

National Laboratory 

 Challenges  

o Complex reservoir settings 

o Induced seismicity 

o Reservoir pressure maintenance 

o Fracture network growth/ propagation 

o Fracture connectivity 

 Opportunities 

o Reduce exploration costs and drilling risks 

o Improved reservoir monitoring 

o Cross disciplinary benefits (e.g. hydraulic fracturing) 

o Better understanding of the subsurface 

o Value for money 


