


Why Geothermal? 
Installed Capacity -- 980,000 MW (EIA) 





“Green” Electrical Resources 

• Geothermal 
• Wind 
• Solar 
• Biomass 
• Coal-CO2 sequestration 





Wind Energy, Texas Style 

• 9,000 MW installed 
• 3 to 8% load Factor 
• Delivery Problem-Power Lines 
• Availability Problem 
• Deregulated Power 
• Ownership and Construction 
• Energy Density 

 



Solar Power 



Bringing Geothermal Power to Alaska 

Cascading Thermal Usage Presented by:  Bernie Karl  

SMU Geothermal Conference June 12th, 2007  

From Hot Water to Hydrogen 



Types of Unconventional Resources 

• Basement EGS-Hot Dry Rock 
• Basement EGS Hot Wet Rock? (Landau & Insheim)  
• Thick Sediments in high heat flow areas 
• Hydrothermal Margins  
• Geopressure-Gulf Coast/East Texas  
• Tight gas sands-Gross Schoenbeck, Germany 
• Coproduced-Green Oil Fields-Teapot Dome 
• Heating and Cooling Applications Everywhere 





      THE EGS SYSTEM  
Introduction of water into rock 
of limited permeability (either 
tight sediment or basement) in 
a controlled fracture setting so 
that this water can be with-
drawn in other wells for heat 
extraction, i.e. heat mining 

1,000,000 EJ 
10,000 x US use 

PREVIOUS WORK: 
Geopressure Geothermal 
Low Temperature 



Scenarios for Electrical Development in Sedimentary Basins   
 

Coproduced fluids  
Geopressure fluids  
Sedimentary EGS   

 
These are briefly described, resource base discussed, and examples of 

development given for each  category 
 

The resource base for these 3 types of geothermal development is 
briefly summarized:  HUGE!  



Sediment Thickness (m) 



US heat flow map data sites including sites of wells with BHT data 
in the AAPG data base.  BHT symbols are based on depth and 
temperature.  The named wells are the BHT calibration points 

Heat flow, and Shale Gas Plays 



A Protocol for Estimating and Mapping the 
Global Potential for EGS 

 
Graeme Beardsmore — HDR (Australia) 

Ladislaus Rybach — GeoWatt (Switzerland) 
David Blackwell — SMU (Texas) 

Charles Baron — Google.org (California) 







Bottom Hole Temperatures 

BHT Calibration 



Spicer USGS Open File (1964) 



Blackwell, 
Richards, 
and Stepp, 
(2010) 
Texas SECO 



COSUNA Strat Column Locations 



Conductivity Model for BHT Sites  

Rock Type Thermal 
Conductivity* 

Dolomite 4.4 

Limestone 2.9 

Sandstone 4.2 

Shale 1.4 

Unconsolidated 
Sediment 1.2 

Evaporites 4.7 

Conglomerate 4.0 

Limestone/Shale 2.0 

Coal 0.6 

Chert 4.0 

*Table adapted from Gallardo and Blackwell (1999) 

• Lithology based on AAPG’s Correlation of Stratigraphic 
Units of North America (COSUNA) seen on left, scaled to 
sediment thickness 

• Measured conductivities for a formation used when 
available, otherwise values from the table below used 



• Bullard Plots of BHT data in the area of Spicer equilibrium 
temperature depth wells 

• Error Calculation 
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Magnetic & Gravity anomaly 
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Average heat flow 
(mW/m2) 

Correlation of Magnetic & Gravity Anomaly with 
 Heat Flow 



2011 Google US Heat Flow Map 



2011 Google Heat Flow Map Data Sites 



2011 US Heat Flow Map 





 





 

Gulf Coast Geology and Geopressure Geothermal Resource Setting: 
USGS (1979) estimates 70 to 170 MW resource potential (gas & heat) 



Corrected Temperature at 12,000 ft Temperature at Depth 

Blackwell, 
Richards, 

and Stepp, 
2010, 

Texas SECO 



 



Chena Mobile Power System 

 



Denbury Resources –  
Gulf Coast Green Energy 

RPSEA.org Demonstration Project 
 
Mississippi Summerland Field 
 
190°F current surface temperature 



Cleburne 
                Horizontal Wells as EGS Heat Exchangers 
Giddings Austin Chalk Play, Haynesville Shale Play, etc  





Temperature Calibration 
Thermal Conductivity Determination 
Permeability and Porosity 
Reservoir Models 
Stress Regime/Fracture Characteristics 
Basement Character 
Aquifer Characteristics 
Fill-in Data In some Places (Site Specific) 
Economic Modeling 



Reality of Earthquake Risk is that it is small! 
Energy Scales as 30 Times Magnitude! 

2 
3 

4 



If Life Gives You Hot Water 
 
 
 
 
 
 
 
  

Make Ice! 



Deg C and Meters 

SMU Heat Flow Map - 2004 

Rockford, IL 

Burton, NB 



Energy Forms 
• Gas-variable cost-Peaking (Baselaod) 
• Coal-”cheapest” –Baseload, carbon source 
• Nuclear-expensive, most dangerous-Baseload 
• Wind-not base load, >30% typical 
• Solar-solar-thermal, not baseload 
• Geothermal-Baseload 

– Hydrothermal (conventional, > 150°C, 300°F) 
– Enhanced (Engineered) Geothermal Systems 
– Geopressure (> 125°C, 250°F dissolved methane) 
– Coproduced (> 125°C, 250°F) 
 



The Effect of Experience 
OVERTON FIELD, EAST TEXAS 

(TIGHT GAS SANDS, Kuskra, 2006) 

SOUTHWESTERN 
ENERGY 
COMPANY 

Improved Drilling and Production Results 
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