
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-61782-184-4 
 

Geothermal Resources Council 
Annual Meeting 2010 
 
(Geothermal 2010) 
 
 

Sacramento, California, USA 
24-27 October 2010  

Volume 1 of 2 

Geothermal Resources Council Transactions Volume 34  



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2010) by the Geothermal Resources Council 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2011) 
  
For permission requests, please contact the Geothermal Resources Council 
at the address below. 
  
Geothermal Resources Council 
P.O. Box 1350 
Davis, California 95617 
 
 
Phone:  (530) 758-2360 
Fax:  (530) 758-2839 
 
grc@geothermal.org 
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2634 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 
 
 

VOLUME 1 
 

BUSINESS DEVELOPMENT 
 
Quantifying Risk in Geothermal Development — High-Enthalpy and Low-Enthalpy Cases......................................... 1

Miklos Antics, Pierre Ungemach 
 

Further Developments on the Geothermal System Scoping Model ................................................................................... 8
Mark Antkowiak, Rosemary Sargent, Jesse W. Geiger 

 

Selling Power to the Utility Grid in Nicaragua.................................................................................................................. 14
Alejandro Arguello 

 

Innovative Approach for Risk Assessment in Green Field Geothermal Project ............................................................ 17
Fausto Batini, Jan-Diederik van Wees 

 

Converting Geothermal Plays to Projects in Australia — A National Review ............................................................... 22
B. Bendall, B. Goldstein, A. Long, A. Budd 

 

Geothermal Technology in Australia: Investigating Social Acceptance.......................................................................... 28
Anne-Maree Dowd, Naomi Boughen, Peta Ashworth, Simone Carr-Cornish, Gillian Paxton 

 

The Development Process of a Greenfield Geothermal Plant — Key Issues in Moving the Industry 
Forward to Development of New Resources...................................................................................................................... 34

Daniel J. Fleischmann 
 

Sound Pressure Level Measurements at and around the Las Pailas Geothermal Project and in Rincón 
de la Vieja National Park, Guanacaste, Costa Rica .......................................................................................................... 40

Edward Charles Hakanson 
 

Integrating Indigenous Values into Geothermal Development ........................................................................................ 46
D. C. H. Hikuroa, T. K. K. B. Morgan, M. Henare, D. M. Gravley 

 

Innovative Process for Engaging Stakeholders in the Formation of Policy for Geothermal 
Developments ....................................................................................................................................................................... 50

Stephen Hinchliffe, James Lawless, Greg Lee 
 

Innovative Financing Techniques to Drive the Geothermal Heat Pump Market — Using Public 
Financing and Regulatory Incentives................................................................................................................................. 56

Elias B. Hinckley, Brenna V. Greenwald 
 

Applicability of ASME Performance Test Codes to Geothermal Plant Performance Testing ...................................... 60
Keith Kirkpatrick, Dave Price 

 

One Stop Permitting Processes: Reality for Geothermal Development? ........................................................................ 65
Eugenia Laychak 

 

Australian Geothermal Research Progress and Directions .............................................................................................. 73
A. Long, B. Bendall, A. Budd, C. Huddlestone-Holmes, A. Williams 

 

A Multi-Tiered System Dynamics Approach for Geothermal Systems Analysis and Evaluation................................. 79
Thomas S. Lowry, Vincent C. Tidwell, Peter H. Kobos, D. A. Blankenship 

 

Review of Past Geothermal Energy Return on Investment Analyses.............................................................................. 85
A. J. Mansure 

 

Should Geothermal Project Companies be Public? .......................................................................................................... 93
John McIlveen 

 

The International Energy Agency Geothermal Implementing Agreement International Cooperation 
for Sustainable Geothermal Development ......................................................................................................................... 97

M. A. Mongillo, C. J. Bromley 
 

The Developable Geothermal Lease ................................................................................................................................. 106
Christy L. Morris, Daniel N. Schochet 

 

Geothermal Transmission Policy and Implementation in Nevada ................................................................................ 109
Christy L. Morris, Daniel N. Schochet 

 

Consolidation in the Geothermal Market ........................................................................................................................ 113
Eddie Sadan 

 

Quantification of Geothermal Resource Risk — A Practical Perspective .................................................................... 117
Subir K. Sanyal, James W. Morrow 

 

Geothermal Opportunities of Southeastern United States ............................................................................................. 123
Nicole Sica, David Blackwell, Zachary Frone, J. Park 

 

Life Cycle Analysis of Geothermal Systems in Comparison to other Power Systems.................................................. 128
J. L. Sullivan, C. E. Clark, J. Han, M. Wang 

 



Australian Geothermal Industry Working with Investors — Defining the Key Parameters 
Contributing to the Long Run Marginal Cost of Geothermal and Providing a Comparison 
Benchmark on the Key Unknowns ................................................................................................................................... 133

Jonathan Teubne 
 

Geothermal Energy Development in Canada — Country Update ................................................................................ 137
Alison Thompson 

 

Magma Energy’s Reserves, Resources and Exploration Results According to the Geothermal 
Reporting Code .................................................................................................................................................................. 141

Alison Thompson 
 

The Road Ahead Toward Sustainable Geothermal Development in Europe ............................................................... 146
Pierre Ungemach, Miklos Antics 

 

Permitting Geothermal Exploration and Development Projects on Public Lands — Regulatory 
Update with Special Considerations for Enhanced Geothermal Systems ..................................................................... 160

Alan Waltner 
 

 
CASE STUDIES 
 
Ngatamariki Project Update............................................................................................................................................. 164

Catherine Boseley, Malcolm A. Grant, John Burnell, Brian Ricketts 
 

Engineering Local Value: Case Studies from Olkaria and Beyond............................................................................... 170
Tim Dunford, Matt Fishman, Kevin Wallace, Marshall Ralph, William Harvey 

 

A Status Report: Las Pailas Binary Geothermal Project Guanacaste, Costa Rica: A New Clean 
Renewable Energy Source for Costa Rica (Pre-Feasiblity to Development Phases and Current 
Environmental Challenges)............................................................................................................................................... 178

Edward Charles Hakanson 
 

Worldwide Geothermal Utilization 2010 ......................................................................................................................... 182
John W. Lund, Ruggero Bertani 

 

Reservoir Response to 28 Years of Production at Olkaria I — Kenya.......................................................................... 186
Cornel O. Ofwona 

 

San Jacinto — The First Five Years................................................................................................................................. 191
J. B. Randle, C. T. Ogryzlo 

 

Steam Blowout from an Over Pressured Geothermal Reservoir in Hungary .............................................................. 196
Aniko Toth 

 

 
DRILLING 
 
Successful Application of Distributed Temperature-Sensing Technology Improves Geothermal 
Cementing: Case Histories ................................................................................................................................................ 199

Rafael Hernandez, James Haney 
 

Silica-Lime Based Hydrothermal Cements for High-Temperature Geothermal Applications ................................... 203
Rafael Hernandez, Lance Brothers, Robert Martin 

 

Unique, Dual-Injection Cementing Process Contains Gas-Breakthrough Zone in a Geothermal Well: 
Case History ....................................................................................................................................................................... 206

Rafael Hernandez, Hao Nguyen 
 

High-Performance Cement and Real-Time Temperature Sensing Enables Optimized Wellbore 
Cementing in CO2 Environments: Case History ............................................................................................................. 210

Rafael Hernandez, Hao Nguyen, Lyndon Chandarjit 
 

Composite Ceramic Centralizers — An Innovative Solution for Geothermal Well Construction in 
Highly Corrosive Environments: Case History............................................................................................................... 214

Rafael Hernandez, Lyndon Chandarjit, Iain Levie 
 

A Second Generation Approach to Total Lost Circulation: An Interwoven Fiber Network to Seal 
Losses .................................................................................................................................................................................. 218

Renan Listi 
 

Drill-In Fluids to Minimize Production Zone Damage in Geothermal Wells ............................................................... 221
Renan Listi, John Tuttle, Neil Peterson 

 

Geothermal Well Cost Update 2010 ................................................................................................................................. 224
A. J. Mansure, D. A. Blankenship 

 

Laboratory Study and Field Demonstration of Hydrothermal Spallation Drilling...................................................... 228
Robert M. Potter, Jared M. Potter, Thomas W. Wideman 

 



Successfully Applying Micronized Cellulose to Minimize Lost Circulation on the PUNA Geothermal 
Venture Wells..................................................................................................................................................................... 232

Bill Rickard, Abraham Samuel, Paul Spielman, Michael Otto, Nic Nickels 
 

Managing Geothermal Exploratory Drilling Risks: Drilling Geothermal Exploration and Delineation 
Wells with Small-Footprint, Highly-Portable Hydraulic Diamond Core Rigs ............................................................. 239

John Tuttle, Steve Reilly, Jim Combs, Virgil Welch, Renan Listi 
 

Deep Slimhole Drilling for Geothermal Exploration ...................................................................................................... 246
Phil White, Ken MacKenzie, Kaycee Verghese, Catherine Hickson 

 

Tolhuaca Update................................................................................................................................................................ 250
Maxwell Wilmarth, Glenn Melosh, David Sussman, Robert Swanson, W. Cumming, Anna Colvin, Sergio Iriarte, 
Silke Lohmar, Elizabeth Soto 

 

 
ENHANCED GEOTHERMAL SYSTEMS (EGS) 
 
An Integrated Model to Compare Net Electricity Generation for CO2- and Water-Based Geothermal 
Systems ............................................................................................................................................................................... 251

Vikas Agarwal, Brian Anderson 
 

The Geologic and Hydrologic Setting of NPR-3 (Teapot Dome) Wyoming and its EGS Geothermal 
Potential.............................................................................................................................................................................. 258

Tom C. Anderson 
 

Induced Seismicity — A Challenge for Geothermal Project Development in Germany ............................................. 263
Stefan Baisch, Christina Schrage, Horst Kreuter 

 

Evaluation of EGS Resources in the Eastern United States: Illinois, Michigan, Indiana, Western Ohio 
and Western Kentucky ...................................................................................................................................................... 266

Joseph Batir, David Blackwell, Maria Richards, J. Park 
 

A Protocol for Estimating and Mapping Global EGS Potential .................................................................................... 271
Graeme R. Beardsmore, Ladislaus Rybach, David Blackwell, Charles Baron 

 

New Geothermal Resource Map of the Northeastern US and Technique for Mapping Temperature at 
Depth................................................................................................................................................................................... 283

David Blackwell, Maria Richards, Joseph Batir, Zachary Frone, J. Park 
 

Secondary Thermal Cracks in EGS: A Variational Approach ...................................................................................... 289
B. Bourdin, C. Maurini, M. Knepley 

 

Temperature Modeling and Energy Estimation for Hot Dry Rock Reservoir in North Jiangsu Basin...................... 293
Limeng Du, Xiuhua Zheng, Huiguang Chen 

 

A Stochastic Framework for Uncertainty Quantification and Risk Assessment of Enhanced 
Geothermal Systems .......................................................................................................................................................... 297

Souheil M. Ezzedine 
 

Exploration Strategy for a Deep EGS Development in Crystalline Rocks (Germany) ................................................ 304
M. Felix, A. Forster, H-J. Forster, H. Konietzky, S. Wagner, T. Sachsen 

 

Geothermal Map of the Northeastern United States and the West Virginia Thermal Anomaly ................................ 308
Zachary Frone, David Blackwell 

 

OZTEMP: An Updated Map and Database for Predicting Temperature at Five Kilometres Depth in 
Australia ............................................................................................................................................................................. 313

E. Gerner, F. L. Holgate, A. Budd 
 

Trusted and Efficient Land Access for Geothermal Operations (Including Induced Seismicity) — A 
Regulator’s Perspective ..................................................................................................................................................... 315

B. Goldstein, B. Bendall, A. Long, Michael Malavazos, David Cockshell, David Love 
 

EGS Potential in the Northern Midcontinent of North America ................................................................................... 323
Will Gosnold, Richard LeFever, M. Mann, Robert Klenner, H. Salehfar 

 

Enhanced Geothermal System Performance-Monitoring using Advanced Distributed Temperature-
Sensing Technology ........................................................................................................................................................... 327

Rafael Hernandez, James Haney 
 

Development of Exploration Methods for Engineered Geothermal Systems through Integrated 
Geophysical, Geologic and Geochemical Interpretation ................................................................................................ 331

Joe L. Iovenitti, Ileana Tibuleac, Deborah Hopkins, Trenton Cladouhos, Robert Karlin, Philip Wannamaker, B. 
Mack Kennedy, David Blackwell, Matthew Clynne 

 

Characterization of the Acoculco Geothermal Zone as a HDR System ........................................................................ 337
Cecilia Lorenzo Pulido, Magaly Flores Armenta, German Ramirez Silva 

 

Rock Mechanical Testing in Support of Well Stimulation Activities at the Desert Peak Geothermal 
Field, Nevada...................................................................................................................................................................... 341

Susan Juch Lutz, Stephen Hickman, Nicholas Davatzes, Ezra Zemach, Peter Drakos, Ann Robertson-Tait 
 



Numerical and Analytical Modeling of the Mechanisms of Induced Seismicity During Fluid Injection.................... 349
Mark McClure, Roland Horne 

 

The Chemical and Thermal Stability of Proppants under Geothermal Conditions..................................................... 365
Kristie McLin, Daniel Brinton, Prashanth Mandalaparty, Clay Jones, Joseph Moore 

 

Evaluation of Fluid Flow in Enhanced Geothermal Reservoirs Based on Induced Microseismic 
Multiplets............................................................................................................................................................................ 371

Hirokazu Moriya, Hiroaki Niitsuma, Roy Baria 
 

Estimation of Source Parameter of Microseismic Events with Large Magnitude Collected at Basel, 
Switzerland in 2006 ........................................................................................................................................................... 375

Yusuke Mukuhira, Hiroshi Asanuma, Hiroaki Niitsuma, Markus Haring, Nicholas Deichmann 
 

Newberry Volcano EGS Demonstration .......................................................................................................................... 381
William L. Osborn, Susan Petty, Laura L. Nofziger, Douglas Perry 

 

Fracture Network Engineering and Enhanced Geothermal Systems............................................................................ 387
Will Pettitt, Matt Pierce, Branko Damjanac, Loren Lorig, Charles Fairhurst 

 

A Fully-Coupled, Implicit, Finite Element Model for Simultaneously Solving Multiphase Fluid Flow, 
Heat Transport, and Rock Deformation.......................................................................................................................... 395

Robert Podgorney, Hai Huang, Derek Gaston 
 

Coupling Geothermal Energy Capture with Carbon Dioxide Sequestration in Naturally Permeable, 
Porous Geologic Formations: A Comparison with Enhanced Geothermal Systems.................................................... 401

Jimmy B. Randolph, Martin O. Saar 
 

A 3D Analysis of Rock Failure around Hydraulic Fractures with Reference to Induced Seismicity ......................... 406
C. Rawal, A. Ghassemi 

 

CO2 as an EGS Working Fluid — The Effects of Dynamic Dissolution on CO2-Water Multiphase 
Flow .................................................................................................................................................................................... 410

Robert Stacey, Sarah Pistone, Roland Horne 
 

EGS Stimulation of Well 27-15, Desert Peak Geothermal Field, Nevada ..................................................................... 418
Robert Stacey, Ann Robertson-Tait, Peter Drakos, Ezra Zemach 

 

Fracture Conductivity of a Bauxite-Propped Geothermal System ................................................................................ 423
Trevor Stoddard, John McLennan, Joseph Moore, Dave Wagner 

 

A Study of Propagation of Cooled Cracks in a Geothermal Reservoir ......................................................................... 428
S. Tarasovs, A. Ghassemi 

 

Evolution of Permeability in Fracture Networks: Geophysical and Geochemical Effects in Enhanced 
Geothermal Systems .......................................................................................................................................................... 432

J. Taron, D. Elsworth, O. Kolditz 
 

Co-Generation Opportunities for Lower Grade Geothermal Resources in the Northeast — A Case 
Study of the Cornell Site in Ithaca, NY............................................................................................................................ 440

J. Tester, W.S. Joyce, L. Brown, B. Bland, A. Clark, T. Jordan, C. Andronicos, R. Allmendinger, S. Beyers, David 
Blackwell, Maria Richards, Zachary Frone, Brian Anderson 

 

Challenges in the Assessment and Classification of Enhanced/Engineered Geothermal System 
Resources............................................................................................................................................................................ 449

Colin F. Williams 
 

Induced Seismicity and EGS: The Cost of Isolating Facilities from Population Centers and Fault 
Zones................................................................................................................................................................................... 454

David Wolfowitz, Morgan Ames 
 

Fluid-Rock Interactions in Enhanced Geothermal Systems with CO2 as Working Fluid: Modeling of 
Geochemical Changes Induced by CO2 Injection into the Ogachi (Japan) EGS Site .................................................. 459

Tianfu Xu, Hideshi Kaieda, Akira Ueda, Kazutoshi Sugiyama, Akiko Ozawa, Yuyu Wan, Karsten Pruess 
 

Fluid Geochemistry of Habanero Site, Cooper Basin, Australia during First Circulation Test in 2008-
2009 ..................................................................................................................................................................................... 465

Norio Yanagisawa, Yung Ngothai, Doone Wyborn 
 

 
EXPLORATION 
 
Geothermal Energy Resource Investigations, Chocolate Mountains Aerial Gunnery Range, Imperial 
Valley, California............................................................................................................................................................... 469

S. Alm, S. Bjornstad, M. Lazaro, A. Sabin, David Meade, J. Shoffner, W. C. Huang, J. Unruh, M. Strane, Howard 
Ross 

 

Comparison and Discussion of the 6 Km Temperature Maps of the Western US Prepared by the SMU 
Geothermal Lab and the USGS ........................................................................................................................................ 475

David Blackwell, Patrick Stepp, Maria Richards 
 



Lithium in Tufas of the Great Basin: Exploration Implications for Geothermal Energy and Lithium 
Resources............................................................................................................................................................................ 480

Mark Coolbaugh, Paul Lechler, Chris Sladek, Chris Kratt 
 

Modeling of Surface Deformation from Satellite Radar Interferometry in the Salton Sea Geothermal 
Field, California ................................................................................................................................................................. 486

Mariana Eneva, David Adams 
 

Initial Implementation of Oil Field Temperature Data for Calculating Formation Specific Heat 
Content for Electric Power Generation: First Approximations .................................................................................... 494

Richard J. Erdlac Jr. 
 

Development of a Large Low Enthalpy Aquifer in Ensenada, Mexico ......................................................................... 503
Salvador Espindola, Hector Gutierrez 

 

Numerical Modeling of the Nucleation Conditions of Petal-Centerline Fractures below a Borehole 
Floor, A Sensitivity Study and Application to the Coso Geothermal Field................................................................... 507

Tryana V. Garza-Cruz, Nicholas Davatzes 
 

Geothermal Power from Coproduced Fluids in the Williston Basin ............................................................................. 514
Will Gosnold, Richard LeFever, Robert Klenner, M. Mann, H. Salehfar, Joel Johnson 

 

Geothermal Exploration at Akutan, Alaska: Favorable Indications for a High-Enthalpy 
Hydrothermal Resource near a Remote Market............................................................................................................. 518

A. Kolker, W. Cumming, P. Stelling 
 

Boom and Bust with the Latest 2m Temperature Surveys: Dead Horse Wells, Hawthorne Army 
Depot, Terraced Hills, and Other Areas in Nevada ........................................................................................................ 524

Christopher Kratt, Chris Sladek, Mark Coolbaugh 
 

Exploration and Discovery of the Gumuskoy Geothermal Reservoir in Aydin, Turkey ............................................. 532
Ozgur Caglan Kuyumcu, Umut Destegul Solaroglu, Ali Unal Akman 

 

Update on Geothermal Exploration at Fort Bidwell, Surprise Valley California ........................................................ 538
Joe LaFleur, Anna Carter, Karen Moore, Ben Barker, Paul Atkinson, Clay Jones, Joseph Moore, Bernold Pollard 

 

Geothermal Exploration on Nevis: A Caribbean Success Story .................................................................................... 541
Joe LaFleur, Roland Hoag 

 

United States Department of the Navy Geothermal Exploration Leading to Shallow and 
Intermediate/Deep Drilling at Hawthorne Ammunition Depot, Hawthorne, NV......................................................... 550

M. Lazaro, C. Page, Andy Tiedeman, A. Sabin, S. Bjornstad, S. Alm, David Meade, J. Shoffner, Kevin Mitchell, 
Bob Crowder, Greg Halsey 

 

Geothermal Exploration using AVIRIS Remote Sensing Data over Fish Lake Valley, NV ........................................ 554
Elizabeth Littlefield, Wendy Calvin 

 

Selecting the Optimal Logging Suite for Geothermal Reservoir Evaluation: Results from the Alum 25-
29 Well, Nevada ................................................................................................................................................................. 559

Daniel Moos, Joel Ronne 
 

Prospects for Electricity Generation in the San Luis Basin, Colorado, USA................................................................ 569
Paul Morgan, Peter Barkmann, Charles Kluth, Matthew Sares 

 

Field Investigations and Temperature-Gradient Drilling at Marine Corps Air-Ground Combat 
Center (MCAGCC), Twenty-Nine Palms, CA................................................................................................................. 575

C. Page, Howard Ross, J. Unruh, M. Strane, Wei-Chuang Huang, M. Lazaro, David Meade, A. Sabin 
 

Navy’s Geothermal Program Office: Overview of Recovery Act (ARRA) Funded Exploration in CA 
and NV and other Exploration Projects .......................................................................................................................... 581

A. Sabin, S. Bjornstad, M. Lazaro, David Meade, C. Page, S. Alm, Andy Tiedeman, W. C. Huang 
 

Understanding Fault Characteristics and Sediment Depth for Geothermal Exploration using 3D 
Gravity Inversion in Walker Valley, Nevada .................................................................................................................. 586

J. Shoffner, Y. Li, N. Hinz, A. Sabin, M. Lazaro, S. Alm 
 

Doing Geothermal Exploration Business in Chile, Energia Andina Experience .......................................................... 590
Jose Soffia, Jorge Clavero 

 

Exploration and Development of the Tendaho Geothermal Field ................................................................................. 595
Merga Tassew 

 

Geothermal Resources Exploration and Assessment around the Cove Fort-Sulphurdale Geothermal 
Field in Utah by Multiple Geophysical Imaging ............................................................................................................. 599

M. Nafi Toksoz, Haijiang Zhang, Thomas Benson, Andrew Rael 
 

A History of Geothermal Exploration in Washington .................................................................................................... 604
D. H. Vice 

 



VOLUME 2 
 

GEOCHEMISTRY 
 
Fluid-Mineral Equilibrium at Las Tres Vírgenes B. C. S. (México) Geothermal Reservoir ....................................... 610

Rosa María Barragán, Eduardo Iglesias, V. Manuel Arellano, Miguel Ramirez 
 

Geochemistry of Thermal Springs of Orissa, India ........................................................................................................ 614
D. Chandrasekharam, Varun Chandrasekhar 

 

Fracture Identification using Fluid Inclusion Stratigraphy ........................................................................................... 617
Lorie M. Dilley, Joseph Moore 

 

Structural Controls of Geothermal Activity in the Northern Hot Springs Mountains, Western 
Nevada: The Tale of Three Geothermal Systems (Brady’s, Desert Peak, and Desert Queen) .................................... 622

James Faulds, Mark Coolbaugh, Dick Benoit, Gary Oppliger, Michael Perkins, Inga Moeck, Peter Drakos 
 

Application of (U-Th)/He Thermochronometry as a Geothermal Exploration Tool in Extensional 
Tectonic Settings: The Wassuk Range, Hawthorne, Nevada ......................................................................................... 631

Kyle E. Gorynski, Daniel F. Stockli, J. Walker, A. Sabin 
 

Geochemical Investigations of Two Hydrothermal Systems in an Alpine External Crystalline Massif 
(Piedmont, Western Italy) ................................................................................................................................................. 635

Luca Guglielmetti, Romain Sonney, Giuseppe Mandrone, Eva Schill, Francois-David Vuataz 
 

Laboratory-Scale Study of Fluid-Rock Interaction in the Enhanced Geothermal Systems in Cooper 
Basin, South Australia....................................................................................................................................................... 642

Gideon B. Kuncoro, Yung Ngothai, Brian O’Neill, Allan Pring, Joel Brugger, Norio Yanagisawa 
 

Geothermometry of Warm Springs in the Rico Area, Colorado ................................................................................... 647
Erik J. Oerter, Matthew Sares 

 

Geothermal Site Assessment using the National Geothermal Data System (NGDS), with Examples 
from the Hawthorne Ammunition Depot Area ............................................................................................................... 652

Robin Penfield, Richard Zehner, Mark Coolbaugh, Lisa Shevenell, Jordan Hastings, Gary Johnson, Walter Snyder, 
Daniella Morgos, Kim Kurz, A. Sabin, M. Lazaro, S. Bjornstad, Greg Halsey 

 

Advancing Reactive Tracer Methods for Monitoring Thermal Drawdown in Geothermal Enhanced 
Geothermal Reservoirs...................................................................................................................................................... 658

Mitchell A. Plummer, Carl D. Palmer, Earl D. Mattson, George D. Redden, Laurence C. Hull 
 

The Potential for the Use of Colloidal-Crystal Quantum Dots as Tracers in Geothermal and EGS 
Reservoirs ........................................................................................................................................................................... 665

Peter Rose, David Riasetto, Jacqueline Siy, Michael H. Bartl, Paul Reimus, Michael Mella, Kevin Leecaster, Susan 
Petty 

 

CO2-Rock Interactions in EGS-CO2: New Zealand TVZ Geothermal Systems as a Natural Analog ........................ 670
Thomas J. Wolery, Susan A. Carroll 

 

 
GEOLOGY 
 
The Tectonic and Magneto-Telluric Survey Effects on the Geothermal Explorations Around the 
Menderes Massif in the Western Anatolia, Turkey ........................................................................................................ 678

Ali Unal Akman, Ozgur Caglan Kuyumcu, Seyhan Onc, Umut Z. Destegul 
 

Interplay of Volcanism and Structural Control in Defining the Geothermal System(s) along the 
Liquine-Ofqui Fault Zone, in the South-Central Chile .................................................................................................. 685

Mohammad Ayaz Alam, Pablo Sanchez, Miguel Angel Parada 
 

Young Walker Basin Faults Provide New Insights into Structural Relations Controlling Geothermal 
Potential at the Hawthorne Army Weapons Depot, Central Nevada ............................................................................ 689

John Bell, N. Hinz 
 

Holocene Earthquakes on the Wassuk Range Fault Zone: Paleoseismic Observations from the Rose 
Creek Fan and Regional Geodetic Observations, Hawthorne, Nevada, USA ............................................................... 693

Jayne Bormann, Steve Wesnousky, Bill Hammond, Alex Sarmiento 
 

Rapid Characterization of Drill Core and Cutting Mineralogy using Infrared Spectroscopy.................................... 699
Wendy Calvin, Amie Lamb, Christopher Kratt 

 

Rhyolite Magma Drilled in Iceland Could Power the World’s Hottest Enhanced Geothermal System..................... 703
Wilfred A. Elders, Gudmundur O. Fridleifsson, Robert A. Zierenberg, Emily C. Pope, Haldor Armannnsson, Anette 
K. Mortensen, Asgrimur Gudmundsson, Jacob B. Lowenstern, Naomi E. Marks, Dennis K. Bird, Lara Owens, 
Mark Reed, Nellie J. Olsen, Peter Schiffman 

 

Review and Update of the Main Features of the Los Humeros Geothermal Field, Mexico......................................... 708
Luis C. A. Gutierrez-Negrin,Georgina Izquierdo Montalvo, Alfonso Aragon Aguilar 

 



A Recently Discovered Granitoid Rich Lithic Basal Horizon in the Liberia Formation and Its Possible 
Implications on Source Vent Location and the Evolution History of a Geothermal Reservoir at the 
Las Pailas Geothermal Field, Guanacaste, Costa Rica ................................................................................................... 715

Edward Charles Hakanson 
 

Structural Controls of Three Blind Geothermal Resources at the Hawthorne Ammunition Depot, 
West-Central Nevada ........................................................................................................................................................ 720

N. Hinz, James Faulds, Inga Moeck, John Bell, John S. Oldow 
 

Geologic and Geophysical Study of the Orita Geothermal Field, Imperial Valley, California ................................... 726
Stuart D. Johnson, Jeffrey B. Hulen, James Branch 

 

Sinter Architecture and Dating: Establishing Hot Spring Paleo-Flow Conditions and Locating 
Possible Hidden Geothermal Resources .......................................................................................................................... 736

Bridget Y. Lynne 
 

3D Geological Mapping as a New Method in Geothermal Exploration: A Case Study from Central 
Nevada ................................................................................................................................................................................ 742

Inga Moeck, N. Hinz, James Faulds, John Bell, Annie Kell-Hills, J. Louie 
 

Considerations on the Occurrence of Acid Fluids Formation in the Cerro Prieto IV Sector, Mexico ....................... 747
Georgina Izquierdo Montalvo, Alfonso Aragon Aguilar, V. Arellano, Marco Helio Rodriguez 

 

Structural Controls of the San Emidio Desert Geothermal Field, Northwestern Nevada ........................................... 753
Greg T. Rhodes, James Faulds, William Teplow 

 

The Geothermal Potential of Saipan, CNMI ................................................................................................................... 757
Maria Richards, Roy Mink, Al Waibel, David Blackwell 

 

Geothermal Exploration Activities, Including Intermediate Depth Temperature Gradient Drilling, at 
the Naval Air Facility, El Centro, California .................................................................................................................. 761

Andy Tiedeman, S. Bjornstad, David Meade, M. Lazaro, A. Sabin, S. Alm 
 

High Angle Fracture-Controlled Permeability at Upper Steamboat Hills Geothermal Field, NV ............................. 766
Patrick Walsh, Brigette A. Martini, Paul Spielman 

 

 
GEOPHYSICS 
 
Integrating Microseismic Multiplet and Source Parameter Analyses to Define EGS Reservoir 
Structure: Cooper Basin, Australia.................................................................................................................................. 771

Hiroshi Asanuma, Yusuke Kawamura, Hiroaki Niitsuma, Doone Wyborn 
 

Body and Surface Wave Seismic Tomography for Regional Geothermal Assessment of the Western 
Great Basin......................................................................................................................................................................... 777

Glenn Biasi, Leiph Preston, Ileana Tibuleac 
 

Compensation for Seasonal and Surface Affects of Shallow (Two-Meter) Temperature Measurements .................. 781
Mark Coolbaugh, Chris Sladek, Christopher Kratt 

 

A Novel Geophysical Approach to Imaging Sinter Deposits and other Subsurface Geothermal 
Features Utilizing Ground Penetrating Radar ................................................................................................................ 787

Amy J. Dougherty, Bridget Y. Lynne 
 

Toward High Resolution Tomography and Rock Physics Interpretation for Reservoir Properties........................... 792
Lawrence Hutchings, Katie Boyle, Steve Jarpe 

 

A Revised Interpretation of 3D Seismic Data, Hawthorne Army Depot, Nevada: Faulted-Basin 
Reflections or Sill Intrusions?........................................................................................................................................... 798

Annie Kell-Hills, J. Louie, G. Kent, S. Pullammanappallil, A. Sabin, M. Lazarro 
 

Joint 1-D Inversion of TEM and MT Data from Olkaria Domes Geothermal Area, Kenya ....................................... 802
Charles Muturia Lichoro 

 

Geophysical Setting of the Blue Mountain Geothermal Area, North-Central Nevada and its 
Relationship to a Crustal-Scale Fracture Associated with the Inception of the Yellowstone Hotspot........................ 809

D. A. Ponce, J. M. G. Glen, J. T. Watt, J. Casteel 
 

Regional Geophysical Investigation of Geothermal Area in Golconda, Nevada: Discussion on the 
Public-Domain Geophysical/Geospatial Datasets ........................................................................................................... 814

Amer Smailbegovic, Kyle T. Gray 
 

 
HEAT PUMP/DIRECT USE 
 
NREL GHP Showcase: GHP Installation and Intensive in situ and Performance Monitoring at 
NREL’s Solar Radiation and Research Laboratory ....................................................................................................... 820

Erin R. Anderson 
 

Measuring the Costs and Benefits of Nationwide Geothermal Heat Pump Deployment ............................................. 825
Elizabeth C. Battocletti, William E. Glassley 

 



Simulation of Heat Transfer in a Compact Spiral Geothermal Exchanger .................................................................. 829
O. Benkhelil, B. Souyri, A. Jay 

 

Geothermal Heating and Cooling System Construction Process ................................................................................... 831
John D. Geyer 

 

Experimental Study of Soil Heat Storage and Solar Assisted Geothermal Heat Pump System.................................. 833
Tao Hu, Jialing Zhu, Wei Zhang 

 

Ground Source Heat Pumps at the U.S. Department of Energy — An Update ........................................................... 839
Tina Kaarsberg, Ed Wall, Jonathan Cross 

 

Relationship between Building Thermal Properties and Heat Exchange Performance in Geothermal 
Heat Pump Systems ........................................................................................................................................................... 842

Yoshihito Komaniwa, Hikari Fujii, Naokatsu Chou 
 

Utilization of Closed Loop Geothermal Heat Pumps at Wireless Cellular Towers...................................................... 848
Brandon LaBrozzi, Ed Dodge, J. Tester 

 

Analysis of Thermal Response Test in Tianjin, China.................................................................................................... 859
Lei Haiyan, Zhu Neng 

 

Residential Ground-Source Heat Pumps: In-Field System Performance and Energy Modeling ............................... 863
Srikanth Puttagunta, Robb A. Aldrich, Douglas Owens, Pallavi Mantha 

 

Geothermal Use of Warm Tunnel Waters — Principles and Examples from Switzerland ......................................... 871
Ladislaus Rybach 

 

Efficiency of Vertical U-Tube under Varied Soil Moisture Content Conditions: Laboratory 
Experiments ....................................................................................................................................................................... 875

Dana Sledz, Toshihiro Sakaki, Masami Nakagawa 
 

Overview of the Deep Geothermal Production at the Peppermill Resort ..................................................................... 878
Terrence Spampanato, Dean Parker, Alan Bailey, William Ehni, J. Walker 

 

Complex Utilization of Geothermal Resources on Russia .............................................................................................. 884
V. B. Svalova 

 

Comparisons of Test Methods to Determine the Ground Thermal Conductivity for Geothermal 
Applications........................................................................................................................................................................ 889

Huajun Wang, Linbo Liu, Chengying Qi 
 

Neural Network Modeling of the Ground Thermal Conductivity for Ground Source Heat Pump 
Applications........................................................................................................................................................................ 894

Guixiang Xue, Huajun Wang, Chenxi Gao, Wei Wei, Li Wei, Ying Zhou 
 

The Experimental Research on the Solar-Ground Source Heat Pump System............................................................ 897
Zhang Wei, Zhu Jia-ling, Hu Tao 

 

 
POWER OPERATIONS 
 
Welding Technology Solutions to Geothermal Energy Production Challenges............................................................ 901

Bill Amend 
 

Explosion Welded Materials for Geothermal Applications............................................................................................ 906
Michael Blakely, Jose Olivas 

 

Realizing Complete Silica Removal — Moving Technology from the Laboratory to Pilot Scale ............................... 910
Thomas Borrmann, James H. Johnston, Andrew J. McFarlane, Rob McBrearty 

 

Development of a Filming Amine Treatment Program at The Geysers........................................................................ 914
Eugene Bracisco, Tim Conant 

 

Advancements in Tracer Flow Testing: Development of Real-Time Technology for Flow and Enthalpy 
Measurements .................................................................................................................................................................... 919

Matthew Broaddus, J. Ivan Katz, Paul Hirtz, Russ Kunzman 
 

Modeling and Simulation of the Interface between Geothermal Power Plant Based on Organic 
Rankin Cycle and the Electric Grid ................................................................................................................................. 924

S. Dahal, H. Salehfar, Will Gosnold, M. Mann 
 

50 Reasons Your Cooling Tower Does Not Work Right................................................................................................. 929
Richard J. DesJardins 

 

Water Use in Geothermal Power Plants .......................................................................................................................... 936
John Farison 

 

Effective Chemical Inhibitors for Corrosion Control in Geothermal Processes Especially Geysers and 
pH Mod Systems ................................................................................................................................................................ 940

Jasbir S. Gill, Matthew A. Gallegos, Gregory T. Jacobs 
 

Electricity Generation from Hydrothermal Vents .......................................................................................................... 944
Gerardo Hiriart, Isaias Hernandez 

 



The World’s Largest Single Cylinder Geothermal Power Generation Unit — Nga Awa Purua 
Geothermal Power Station, New Zealand........................................................................................................................ 949

Tadao Horie, Toshie Muto 
 

Specialty Metal Solutions for Corrosive Geothermal Applications ............................................................................... 955
Robert Houser 

 

Evaluation of the Effect of Gravity on the Total-Flow Geothermal Cycle.................................................................... 960
Robert D. Hunt 

 

Energy and Exergy Analysis of Takigami Geothermal Power Plant, Oita, Japan ....................................................... 966
Saeid Jalilinasrabady, Ryuichi Itoi, Hiroki Gotoh, Hiroyuki Kamenosono 

 

The Hybrid Power Plant Neuried, Germany................................................................................................................... 972
Horst Kreuter, Christina Schrage 

 

Geothermal Steam Flow Measurement Using Vortex Flowmeters: Challenges Met, New Capabilities, 
and Benefits ........................................................................................................................................................................ 976

Jeff Learned 
 

San Jacinto-Tizate Geothermal Power Plant — Nicaragua: Case Study of Current and Future 
Expansion ........................................................................................................................................................................... 979

Mike Long 
 

Utility Geothermal Working Group 2010 Update .......................................................................................................... 984
Guy Nelson 

 

Control System Concepts to Improve Geothermal Plant Availability .......................................................................... 987
Saul Rodriguez, Donald Speirs 

 

Application of a Steam Purity Monitoring System at the Triple Flash Nga Awa Purua Geothermal 
Power Station in New Zealand.......................................................................................................................................... 991

Kosuke Taguchi, Shizuka Makimoto, Daisuke Ishii 
 

Performance of New Turbines for Geothermal Power Plants ....................................................................................... 996
Phil Welch, Patrick Boyle, Marc Sells, Isaac Murillo 

 

Corrosion by HCl in Dry Steam Wells Controlled using Potassium Carbonate without Destroying 
Superheat.......................................................................................................................................................................... 1002

Oleh Weres, Cheri Kendrick 
 

 
RESERVOIRS 
 
In-Situ Multifunction Nanosensors for Fractured Reservoir Characterization ......................................................... 1009

Mohammed Alaskar, Morgan Ames, Roland Horne, Kewen Li, Steve Connor, Yi Cui 
 

A 3-D Representation of the Wairakei Geothermal System (New Zealand) using “Earth Research” 
Geothermal Visualisation and Modelling Software ...................................................................................................... 1020

Samantha Alcaraz, Fabian Sepulveda, Richard Lane, Michael Rosenberg, Andrew Rae, Greg Bignall 
 

Practical Application of the Damage Determination in a Well .................................................................................... 1025
Alfonso Aragon, Georgina Izquierdo, V. Arellano 

 

An Overview and Conceptual Model of the Crump Geyser Geothermal Area .......................................................... 1030
J. Casteel 

 

Evaluation of Acid Treatments in Mexican Geothermal Fields................................................................................... 1034
Magaly Flores-Armenta, Miguel Ramírez-Montes 

 

Heat Transfer in the Formation Invaded by Drilling Fluid Losses from a Geothermal Well ................................... 1039
A. Garcia-Gutierrez, J. R. Ramos-Alcantara 

 

Assessing Relative Permeabilities of Two Phase Flows of Water and Steam in Geothermal Reservoirs: 
State of the Art Relations ................................................................................................................................................ 1043

Maria S. Gudjonsdottir, Jonas Eliasson, William Harvey, Halldor Palsson, Gudrun Saevarsdottir 
 

Classification of the Geothermal Resources and Reserves of HS Orka, SW-Iceland................................................. 1047
Arnar Hjartarson, Andri Arnaldsson 

 

Summary of the 2010 Assessment of Medium- to Low-Temperature Mexican Geothermal Resources................... 1053
Eduardo Iglesias, Rodolfo J. Torres, J. Ignacio Martínez-Estrella, Neftali Reyes-Picasso 

 

A Downhole Fluorimeter for Measuring Flow Processes in Geothermal and EGS Wellbores ................................. 1058
Michael Mella, Steven Olsen, Peter Rose, Daniel Bour, Susan Petty, Joel Harris 

 

Design Considerations for Geothermal Logging Tools................................................................................................. 1063
Randy A. Normann, David A. Glowka 

 

Analysis and Interpretation of NDS Tracer Test Results at the Olkaria West Geothermal Field, 
Kenya ................................................................................................................................................................................ 1069

Enrique Porras, Ernest Mabwa, Paul Spielman, Grimur Bjornsson, Paul Hirtz, Matthew Broaddus 
 



Characterizing Non-Fickian Transport in Fractured Rock Masses Using Fractional Derivative-Based 
Mathematical Model........................................................................................................................................................ 1075

Anna Suzuki, Ryuichi Chiba, Takashi Okaze, Yuichi Niibori, Sergei Fomin, Vladimir Chugnov, Toshiyuki Hashida 
 

Utilizing a Comprehensive 3D Model to Understand, Maintain, and Expand the Soda Lake 
Geothermal Resource, Nevada USA............................................................................................................................... 1081

Tracey Van Gundy, Gary Oppliger, Mary Ohren, Dick Benoit, Monte Morrisson 
 

 
THE GEYSERS 
 
Characterizing Fractures in The Geysers Geothermal Field Using Soft Computing................................................. 1086

Fred Aminzadeh, Tayeb A. Tafti, Debotyam Maity 
 

Southern Extent of The Geysers High Temperature Reservoir Based on Seismic and Geochemical 
Evidence ........................................................................................................................................................................... 1092

Joseph J. Beall, Melinda C. Wright 
 

Effect of High Rate Injection on Seismicity in The Geysers......................................................................................... 1096
Joseph J. Beall, Melinda C. Wright, Alfonso S. Pingol, Paul Atkinson 

 

Unit 14 / Sulphur Springs H2S Abatement Process Screening and Stretford  
Improvements Study — Part 1 ....................................................................................................................................... 1102

Brian Benn, Kenneth E. McIntush, Carrie Ann M. Beitler, Darryl L. Mamrosh, O. E. Hileman 
 

Injection Induced Seismicity and Geothermal Energy ................................................................................................. 1106
Trenton Cladouhos, Susan Petty, Gillian Foulger, Bruce Julian, Mike Fehler 

 

Numerical Reservoir-Modeling of Forty Years of Injectate Recovery at The Geysers Geothermal 
Field, California, USA ..................................................................................................................................................... 1114

Steven L. Enedy, Steven J. Butler 
 

Geysers Power Plant H2S Abatement Update ............................................................................................................... 1121
John Farison, Brian Benn, Brian Berndt 

 

A History of The Geysers Geothermal Field Through 1960, An Annotated Bibliography.......................................... 1127
Susan Fox Hodgson 

 

The Geysers Geothermal Field, an Injection Success Story ......................................................................................... 1131
M. Ali Khan, Jack Truschel 

 

The Northwest Geysers EGS Demonstration Project Phase 1: Pre-Stimulation Coupled 
Geomechanical Modeling to Guide Stimulation and Monitoring Plans...................................................................... 1135

Jonny Rutqvist, Patrick F. Dobson, Curtis M. Oldenburg, Julio Garcia, Mark Walters 
 

The Life and Times of SMUDGEO: A Historical Perspective ..................................................................................... 1143
Elaine Sison-Lebrilla, Kenneth Phair 

 

Biological Hydrogen Sulfide Abatement in Geysers Geothermal Cooling Towers .................................................... 1146
Allen Sonneville, Brian Benn 

 

Electromagnetic Telemetry Improves Drilling Efficiencies at The Geysers Geothermal Field................................. 1151
Marc Steffen, Jerry Evanoff 

 

Source Characteristics of Micro-Earthquakes at the Northwest Geysers Geothermal Field, California................. 1155
Gisela Viegas, Lawrence Hutchings 

 

Author Index 




