50th Workshop on Geothermal
Reservoir Engineering 2025

Stanford, California, USA
10-12 February 2025

Volume 1 of 3

ISBN: 979-8-3313-1855-0



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2025) by Stanford Geothermal Program
All rights reserved.

Printed with permission by Curran Associates, Inc. (2025)

For permission requests, please contact Stanford Geothermal Program
at the address below.

Stanford Geothermal Program
367 Panama Street

Green Earth Sciences 050
Stanford University

Stanford, CA 94305-2220
USA

Phone: (650) 725-9835
Fax: (650) 721-2415

pangea.stanford.edu/researchgroups/geothermal

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web: www.proceedings.com



TABLE OF CONTENTS

VOLUME 1
Introduction to the 50th Stanford Geothermal WorkShop...........ccuevieriieiiiiiiiiiiiecee e 1
Roland Horne
Horizontal Hydrothermal Wells: An Idea Whose Time Has COME ........cceccveeviieeiiieiiiieeiie e sve e 19
Greg Leveille
The Lithium VallEY PrOJECT......ccuiiiiieieeie ettt ettt st et et esteestesssesseenseenseensesnnesneesseenseenes 31

Eva Schill, Margaret M. Busse, William T. Stringfellow, John O'Sullivan, Margaret Slattery,
Peter Nico, Michael A. McKibben, Maryjo Brounce, Patrick Dobson

Drilling Target Mapping at Newberry with Passive Seismic Permeable Fracture Imaging (PFI) ...................... 36
Jeff Epping, Tom Fleure, Peter Malin, Austin Mathews, William McLain, Charles Sicking,
Anastasia Stroujkova

Co-producing Geothermal Power from Oil and Gas Operations: A Case Study from Alberta,
L0733 1o - H OO OO PRSRUSTRR 46
Alireza Aslani, Vince Ng, Lisa Mueller

Advective Flow in a Conductivity-Dominated Crust: an Example from FORGE............c.ccocooniiiiiinininnn. 54
Peter Leary, Peter Malin

Quantifying Geothermal Energy Potential: Numerical Reservoir Modeling of the Massepe
Geothermal Field in South Sulawesi, INAONESIA..........ccoiiiiiiiiiiii e e e 64
Fikri Rahmansyah, Michael Gravatt, John O'Sullivan, Ken Dekkers

Next Generation Reservoir Modeling for Geothermal Energy and Lithium Recovery .........occeeevevienveniennnnee. 76
Colleen Barton, William Pettitt, Tim Salter, Elena Meyer, Christopher Harper, Ehsaan Nasir,
Amir Moradi, Danny Sims, William Osborn, Robert Moore

Simulation of Pressure Response in Geothermal Reservoirs by an Updated Lumped Parameter

Method €% HJalteyri Case StUAY .....ccvieiieiieiiecieiierte ettt ettt et s et esbe et e essessaesaeesseesseenseenseensenssenseens 93
Sceeunn Halldorsdottiv, Kjartan Marteinsson, Thorsteinn Egilson, Bjarni Gautason, Helga
Tulinius, Gunnar Thorgilsson, Rognvaldur Magnusson, Gudni Axelsson

Analyzing the Impact of Mineral Precipitation from Geothermal Water on the Injectivity of Wells ............... 102
Leszek Pajak, Pawel Wojnarowski, Barbara Tomaszewska

Hydraulic Fractures Are Pressure RElet VAIVES.......c.oociiiiiieriieiieeeeeee et 112
Luke P. Frash

The Role of Ammonia in the Coso Geothermal Field .......cc...oooiiiiiiiiiiiiiiiiiiie e 119
Cliff Buck

Hydrothermal Alteration Role on Lithium Mobility in a Geothermal Reservoir: Geochemical
Analyses of Deep Granite in the Upper Rhine Graben.........c.ccoeveririiiininininininccieeseseseeeeeeeie e 125
David Fries, Carole Glaas, Albert Genter



Insights Into the Geochemical Characteristics of Fe-rich Siliceous Scale Deposits Precipitated from

Geothermal Water on Atmospheric Silencers at the Menengai Geothermal Field, Kenya........c..cccccveieennenee.
Leakey Auko, Kotaro Yonezu, Takushi Yokoyama, Saefudin Juhri, Jeremiah Kipngok, Stephen
Onyango

Advance in Radiogenic Hot Dry Rock, SE-CRina........c.ccccevieriiiiieieeieiieieee et
Zhanxue Sun, Andong Wang, Gongxin Chen, Tangwei Liu, Xinghua Shi, He Ting

Small Unoccupied Aerial Systems (UAS) and Thermal Cameras in Geothermal Exploration and

Operational Fields; a Review of UAS Equipment and Case Study at Brady Geothermal Field,

INEVAAA USA ... ettt ettt e a e b e bt et et e e et e sa e e s bt et e eab e eat e es e e eb e e b e et e embeemtesatesaeenaeenteenes
Courtney Brailo, Madeline Churchill, Tiara Bechtold, Kelly Blake, Robin Zuza

Putting the Potential of Deep Borehole Heat Exchangers Into Perspective: a Gas Well Repurposing
Case Study, Onshore in the UK ..........oooiiiiiiiiiieieee ettt sttt et e ssaessaessaeseeseennesnnes
Gioia Falcone, Christopher S. Brown, Isa Kolo, William Nibbs, Bob Harrison

Time-lapse Gravity and Self-potential Measurements for Reservoir Monitoring in the Wasabizawa
Geothermal Field, JAPAn..........ocouiiiiiieiie ettt et ee st eeaeeetaeeseesntaeenseesnsaeenseesnses
Takuya Horikawa, Hiroki Goto, Yuki Kano, Yasuaki Murata, Shigetaka Nakanishi, Kakeru
Sakamoto, Toru Takeyama

Improvement of the Reservoir Model Using the Well-based Data and Geophysical Exploration Data
in the Wasabizawa Field, JAPAN .........ccciiiiiieiiicieeie ettt et e et eeaeesntaeeseeeataeensaeennes
Yuki Kano, Takuya Horikawa, Shigetaka Nakanishi, Kakeru Sakamoto, Toru Takeyama

Characterization of Surface Area to Volume Ratio of Fractured Rocks for Temperature Transient:
Laboratory and Field MEthods .........ccuieieiiiiieiiee ettt sttt et e e e s e sseeseennesnnas
T. Kuo, H. Kuochen, W. Chen

Estimating Mineral Scaling and Porosity Alterations During the Circulation Test at Utah-FORGE

Site Using Reactive Transport MOAEIING. ......cc.coiiiiiiiiiiiiiiiietet ettt sttt e
Ram Kumar, Mengnan Li, Lynn B. Munday, Stuart Simmons, Robert Smith, Ghanshyam
Neupane, Rachael Colldeweih, Travis McLing, Robert Podgorney

High-Temperature Triaxial Direct Shear Testing for Utah FORGE ..........cccccoconininininiiiiinenccencceeeeen
Bijay K C, Luke P. Frash, Uwaila C. Iyare, Wenfeng Li, Yerkezhan Madenova, Megan Smith,
Kayla Kroll

Characterizing In-Situ Stresses at Utah FORGE Using a Multi-Component Approach Combining

Laboratory Experiments, Field Measurements, Physicsa€1Based Modeling, and Machine Learning

IMIETROMS ...ttt ettt st b e st h et a ettt b e bbbt e a et a b bbbt bt eae e e b e
Guanyi Lu, Ayyaz Mustafa, Andrew Bunger

DAS Moment Tensor Inversion Analysis for Microseismic Events Observed During the 2023

Circulation Tests at Utah FORGE ...........ccociiiiiiii e et et e an
Ismael Vera Rodriguez, Thomas Coleman, David Podrasky, Carlos Maldaner, Yuanyuan Ma,
Jonathan Ajo-Franklin

Assessing Stress and Fracture Distribution in Enhanced Geothermal Systems using Shear Wave
Splitting Analysis at Utah FORGE ..........c.ccoiiiiiiiiiiee ettt sttt esse e esaenneens
Jaewoo Kim, Jonathan Ajo-Franklin

Updated Modelling of the Salton Sea Geothermal Field...........cocoiiiiiiiiiiiiiiiieee e,
Theo Renaud, Adrian Croucher, Ken Dekkers, Michael Gravatt, Michael O'Sullivan, Joris
Popineau, Jeremy Riffault, Ryan Tonkin, John O'Sullivan



Sub-surface Analysis for Geothermal Hot Water System for Morgantown, West Virginia .............ccccccvevennenn. 257
Tkponmwosa Bright Iyegbekedo, Sai Kiran Yerravally, Ebrahim Fathi, Nagasree Garapati

Fast Marching Method: A New Paradigm for Rapid Simulation of Enhanced Geothermal Systems............... 266
Chin-Hsiang Chan, Akhil Datta-Gupta, Roman J. Shor

Assessing the Ensemble Smoother with Multiple Data Assimilation for Subsurface Fluvial
GEOthETMAL SYSLEIMIS .....uiieiiieiieciieieeie ettt sttt ettt ettt et e bt e beesseenbeeneessaesseanseenseanseesseessenseeseenseensennsennnas 281
Guofeng Song, Sebastian Geiger, Denis Voskov, Hemmo A. Abels, Philip J. Vardon

Elimination of the Thermal Lift Effect from Pumping Observations in Deep Geothermal Wells..................... 291
Maciej Miecznik, Leszek Pajak, Karol Pierzchala, Beata Kepinska

Geothermal Exploration Strategy in TUIKIYE.......ccverieiiieiiiiieeiecieeeeee e 296
Coskun Bulut

Environmental Evaluation of Geothermal Heating Plant in Poland ............coccooiiiiiiiiiiiiiecee, 308

Michal Kaczmarczyk, Anna Sowizdzal, Barbara Tomaszewska

Geothermal Exploration Through Deep Exploratory Slimholes: Singapore's Perspective........ccccvevvenveennnnee. 317
Alessandro Romagnoli, Jonathan Poh, Tobias Massier, Hendrik Tjiawi, Wei Wu, Anurag
Chidire, Dazhao Lu, Jerry Chan, Lizhong Yang, Jian Wei Mark Lim, Cliff Khiok Eng Chua

Assessing Industry Challenges for High-Temperature Subsurface Instrumentation ..........co.ceceeeeeeeeevenenennenn 329
Andrew Wright

Risk Assessment of Shallow Oil and Gas Well to Geothermal Well CONnVersion ..........cccccvvveeeeeeevevveeeeeeeeiennnn. 338
Alex McSheridan, Khizar Abid, Catalin Teodoriu

2D and 3D Interpretation of Magnetic Survey Data in the Presence of Reversely Magnetized Rocks............ 351
Jeffrey B. Witter

Towards Multi-scale Coupled Thermo-Hydro-Mechanical Constitutive Models: Experiments on

Thermal Cracking Under Stress with Near-field Acoustic Data...........ccceeeviieriieiiieiieeieeee e 361
Benjamin Holtzman, Hoagy O'Ghaffari, Evic Beaucé, Tushar Mittal, Anna Barth, Uirich Mok,
Matej Pec

Curie Point Depth Analysis for Assessment of Supercritical Carbon Recycle CO2 Geothermal
NS € 1 1 1S 15 To ) SRR 371
Yasukuni Okubo, Shoichi Yamano, Shunsuke Akazawa, Kazumi Osato, Amane Terai

Summary of Results from Monitoring the Geysers with Passive Seismic and Repeat
Magnetotelluric Measurements (2021-2023) .....ooouiiiiiiiiieiee ettt ettt ettt 378
Jared Peacock, Roland Gritto, David Alumbaugh, Evan Um, Craig Hartline, Craig Ulrich

Seismic Exploration at the TP-2 Geothermal Borehole in Takigami Geothermal Field in Japan

Using the DFOS (Distributed Fiber Optic Sensing) SYSTeM .........cccuerieriiriiiniiiieiienieie et 382
Junzo Kasahara, Yoko Hasada, Shigetsugu Furuya, Masahiro Himazakii Hitoshi Mikada,
Hiroshi Ohnuma, Yasuhiro Fujise

Distributed Fiber-Optic Sensing Deployment in a Deep EGS Production Well at Utah FORGE:

Early Results and Lessons Learned..........cc.coiriiiieiiiiiiininineneetecetesestesie ettt 394
Jonathan Ajo-Franklin, Matthew Becker, Michal Charmarczuk, Thomas Coleman, Julia
Correa, Barry Freifeld, Jaewoo Kim, Ahmad Ghassemi, Yuanyuan Ma, Xiaoyu Zhu, Carlos
Maldaner, David Podrasky, Michelle Robertson, Ismael Vera Rodriguez, Fu Yin



High-Pressure and High-Temperature Testing Protocol with Focus on Geothermal Wells.............cccccocenenene.
Jorge Andres Alvarez Escobar, Eduardo Andres Paba Vega, Jose Aramendiz, Khizar Abid,
Yosafat Esquitin, Ricardo Reves Vasquez, Leonardo Rocha De Queiroz, Alberto Toledo
Velazco, Catalin Teodoriu

Results of the Vertical Electromagnetic Profiler (VEMP) Survey at the Utah FORGE Site ...........ccccvuvenene..
David Alumbaugh, Michael Wilt, Edward Nichols, Evan Um, Kasumi Osato, Takashi Okabe,
Masami Hyodo, Keith Picket, Noah Perkovich

Field Deployment Updates on Geochemistry-based Wireline Tool to Characterize Fractures in

Enhanced Geothermal Systems (EGS) WEIIS ......ccuooiiiiiiiiiiie ettt st st e svaeeaee e
Sarah Sausan, Melanie Schneider, Marshall Hartung, Roland Horne, Alfred H. Cochrane,
Jiann-Cherng Su, Andrew A. Wright, Taylor Myers, Joseph Pope, Joshua Tafoya

Performance Analysis of Novel Metal Expandable Openhole Packers for High-Temperature
Geothermal Wells: A Case Study of Utah FORGE..........ooooiiiiiie,
Elvin Allahverdiyev, Jorge Andrés Alvarez Escobar, Khizar Abid, Catalin Teodoriu

The Geothermal District Heating Market: Challenges and Opportunities...........cccceeveerierierienieneeneeneneennne.
Aniko Toth, Miklos Antics, Tamas Csrefko, David Fenerty

An Economic Model for a Thermal Energy NetWOrk..........ccoecuieiiiiinieniieiieieeie ettt
Liting Jiang, Abra Gold, Juliet G. Simpson, Rebecca Barney, Guangdong Zhu

Techno-Economics of Direct Use Geothermal Energy in Gippsland, Australia..........ccccooeeveniinenennnenne.
Graeme Beardsmore, Rachel Webster, Behzad Rismanchi, Kristian Gjoka, Daryl Brooke,
Ashley Hall, Martin Pujol, Barnaby Bruce, Simon St Hill

Socio-Techno-Economic Feasibility of Deep Geothermal with EGS for Residential District Heating
in the Northeastern UnNited STAtES .......ccuiiiiieiieiieecie ettt e e e e et e e et e e taeebeesataeeseesnsaeenseesnses
Koenraad Beckers, Hannah Pauling, Jeff Tester

Estimate the Average Soil Thermal Conductivity and Grout Thermal Resistance from the Thermal
Response Test NoNINear REGIESSION. ......ccuiiieriierieiieiierieesit et eieetestte st etesaesaeseeesseesseesseensesssessaenseesennsesnnas
Xingru Wu, Rodney Hurt, Andrew Ejenakevwe, Li Song

Structural, Mineralogical, and Geophysical Data Implications for the Development of the Salton
Sea Magma-Hydrothermal SYSIEM........ccc.iiiiiiiiiiiiiieeiie ettt sttt e s teeebeesbeeesbeesbeesnseesssaesnseeas
Danny B. Sims, Philip S. Neuhoff, Denis L. Norton

Petrologic Validation of Exploration Geophysical Anomalies Utilizing Drill Core and Cuttings from

the Don A. Campbell Geothermal System, Nevada, USA..........cccoeoiirieiieniieieee et
Kurt Kraal, Mathew Folsom, Carmen Winn, Daniel Feucht, Ben Delwiche, Nicholas Hinz,
William Cumming, Steve Sewell, Christine Downs

Importance of Linkage Zones for Geothermal Exploration in the Rio Grande Rift (Espanola and

Santo Domingo Basins, New Mexico): Contribution of Analogue Modelling............ccccoevverenirceiencncnennens
Nicolas Dall'Asta, Yoann Denele, Vincent Regard, Delphine Rouby, Anne Frayssignes, Mael
Derian, Stephane Bonnet, Bastien Hermant

Analysis of Step-Overs (or Relay Ramps) in Normal Fault Systems in the Great Basin Region,
Western USA: Implications for Geothermal Exploration and Development............cccccvevvvieeiiieiiieecieeiieeeieenns
Mary Hannah Giddens, James E. Faulds

Using Deep Learning to Map Quaternary Faults in Western USA .......c..cocoviiiriniiiiiininneneeccecneee
Bastien Hermant, Lauriane Kiersnowski, Mathieu Bellanger



Quantifying the Benefit of NCG Reinjection on Geothermal Production Performance...........cccceceeevevvencnnnne. 589
John Murphy, Eitan Berger, Michael Berger, Anton Fiterman, Simon Webbison

A Trust-region Based Sequential Implicit Nonlinear Solver for Geothermal Simulations............ccccceeevveenennns 603
Sohail Waziri, Hamdi Tchelepi

Historical Data Prediction for Geothermal Systems Using Data-Driven Modelling.............cccecvvvervenieenennen. 617
Daniel Clark, Michael Terekhin, Andreas Kempa-Liehr, John O'Sullivan, Michael O'Sullivan,
Michael Gravatt

EGS Well Test Analysis from the Perspective of Conventional Geothermal Reservoir Engineering............... 626
Richard Holt

The Use of Reversibly Sorbing Tracers for Characterizing Reservoir Fracture Surface Area in
Engineered Geothermal SYSTEIMS......c.uiiiiiiiiiiiiit ittt st ettt sttt e b e b e eaees 635
Peter Rose

Analysis of the 2024 Circulation Tests at Utah FORGE and the Response of Fiber Optic Sensing
DIALA ... e 642
Pengju Xing, Kevin England, Joseph Moore, John McLennan

Pulse Interference Test (PIT) Conducted at the Utah FORGE Enhanced Geothermal Site, Wells
16A(78)-32 and 16B(78)-32, MilfOrd Utah.........cciiiiiiiiiiie ettt 651
Eduardo Martinez, Matthew Becker, Ahmad Ghassemi, Jonathan Ajo-Franklin

Modeling Near-Wellbore Tortuosity at Utah FORGE Site .........ccovviiiiiiieniieieiie e 660
Wei Fu, Branko Damjanac, Zorica Radakovic-Guzina, Robert Podgorney, John McLennan

A Coupled Hydro-Mechanical Analysis of Impact of DFN on Reservoir Stimulation at FORGE................... 668
Hafssa Tounsi, Branko Damjanac, Zorica Radakovic-Guzina, Wei Fu, Aleta Finnila, Pengju
Xing, Robert Podgorney

A Novel Setup Facility for Geothermal Downhole Tools Testing and Qualifying ...........cccoecvevvveienveneennnnen. 681
Eduardo Andres Paba Vega, Jorge Andres Alvarez Escobar, Jose Jorge Aramendiz Pacheco,
Khizar Abid, Alberto Toledo Velazco, Yosafat Esquitin, Ricardo Reves Vasques, Ramadan
Ahmed, Catalin Teodoriu

Fifty Years of Operation at the Ahuachapan Geothermal Field...........cccccoconininininiiniinnnnceceee 690
Jose Erick Jimenez Majano

Conceptual and Numerical Models of the Laugarnes Geothermal Field, Reykjavi-k Iceland.......................... 703
Adolph Jr Bravo, Samuel Scott, Gunnar Gunnarsson, Halldor Pdlsson

A Look Into Geothermal Discoveries Across the Western United States ...........ccoeevevierieriiecieeieniesiesieeeeee. 713
Joel Edwards, Carl Hoiland, Connor Smith, Aubry Dereuil, Ognjen Grujic, Jacob Lipscomb,
Rachel Morrison

Exploration for Blind Geothermal Systems in the Eastern Great Basin of Utah: an Update on the
Lund North INGENIOUS Detailed StUAY Site.......ccccuieriiiiiiiieiiieeiieiieeeitesreeeieesreeereesveesreesseeeseessseessseenns 726
Christian L. Hardwick, Eugene Szymanski, Nicole Hart-Wagoner, Shadrach Ashton, Noah
Christensen, Tait E. Earney, James Faulds, Jonathan Glen, Adam Hiscock, Stefan Kirby, Tyler
Knudsen, Skadi Kobe, Cary Lindsey, Benjamin L. Morbeck, Jared Peacock, Grant Rea-
Downing, William D. Schermerhorn, Kayla Smith

Building on the Hawai'i Play Fairway Project..........ccooiiiiiiiiiiieeeeee et 740
Nicole Lautze



Sustaining Hot Spring Activity in the Vicinity of Geothermal Developments ............cocoeeverenereeienenenennns 744
Stuart Simmons, Mark Rockhold, Rebecca Kreuzer

Practical Experiences on Operating a Combined Geothermal Power Plant in Alasehir Field.......................... 752
Volkan Karaoglan, Ahmet Yilmaz, Hakki Aydin, Arda Emre, Huseyin Genckan

Geoflowtest - A Portable Device for Realtime Monitoring of Geothermal Production Well Testing................ 758
Mohamad Husni Mubarok, Ahmad Yani, Andi Joko Nugroho, Tumpal Parulian Nainggolan,
Adhiguna Satya Nugraha, Muhamad Bayu Saputra, Gamal Hastriansyah, Benedict Amandus
Hananto, Dhimas Wahyu Wibowo, Awang Rahmawan Prakoso

A Screening Methodology for the Optimal Selection of Artificial Lift Methods for Geothermal
Hakki Aydin, Betul Yildirim, Sukru Merey

Utilizing Nitrogen Lifting as an Alternative to Electrical Submersible Pumps in the Alasehir Field,
TUTKEY ©eentteeiie ettt ettt et e et e et e et eetee e beeesseesataeesseesataeasseeaasseanseeanseeanseesnsaeanseeensaeenseesnsaeenseesnsaeanseennses 778
Hakki Aydin, Umutcan Camci, Ali Ceren, Hiiseyin Diinya

Forecasting Induced Seismicity Using Temporal Fusion Transformer: A Case Study in the Utah
FORGE and Geysers Geothermal FIeldS.........ccveiiiiiiiiierieiieieeieeeseseee ettt 784
Nori Nakata, Zhengfa Bi

VOLUME 2

Redistributed Seismicity at the Coso Geothermal Field Investigated Through Stress Changes from

Fluid Production and MIZIatION ..........ceeeiieiierieeie ittt ettt st st e et ettt et e e b e st enbeebeeneeenees 792
Sui Tung, Manoochehr Shirzaei, Timothy Masterlark, Herbert Wang, Wei-Chuang Huang,
Kurt Feigl

Preliminary Depth to Basement Modeling at Salton Sea, California ..........ccoceveeeeeerienenincncniececneee 800
Jacob Anderson, Jonathan Glen, William Schermerhorn, Tait Earney, Benjamin Morbeck

Survey of Methods, Challenges, and Pathways Forward for Superhot Rock Characterization........................ 809
Chanmaly Chhun, Rebecca Pearce, Pascal Caraccioli Salinas, Seth Saltiel, Carolina Munoz
Saez

Conclusions from the WHOLESCALE Project at the Geothermal Field at San Emidio, Nevada, U.S ........... 819
Kurt L. Feigl

Update on the Geology, Temperature, Fracturing, and Resource Potential at the Cape Geothermal

Project Informed by Data Acquired from the Drilling of Additional Horizontal EGS Wells ...........ccccccceueuee. 835
Steven Fercho, Jack Norbeck, Sireesh Dadi, Gabe Matson, Jarret Borell, Emma McConville,
Susanna Webb, Chris Bowie, Greg Rhodes

Update of the 2008 Provisional Enhanced Geothermal Systems (EGS) Assessment for the Great
BaSin, USA ...ttt e et e e e e e e ———— e e e e e ear————tee e e e e a—rteeeeeaataarteeeeeaannaas 848
Erick R. Burns, Junyuan Zhang, Hongbin Zhan, Colin F. Williams

The United Downs Geothermal Power Plant, Cornwall, UK: Combining the Generation of
Geothermal Electricity and Heat, with the Extraction of Critical Raw Materials............cccoeevveienieneeniennenee. 864
Thomas Olver, Ryan Law

Project Update: Analysis of Two Sequential Near-Field Well Stimulations at Two Operating
Geothermal Fields in NEVAa ........coiiiiiiriiiiiie ettt sttt 872
Logan Hackett, John Akerley, Kelly Blake



DEM-Based Analysis to Reveal the Effects of Particle Size Distribution on Deformational
Behavior of Particulate PaCKS. ........co.ciiiiiiiriiieieeecees ettt e 881
Ayat Alasadi, Ahmad Ghassemi, Dacid Potyondy, Shahrzad Roshankhah

Introducing PFLOTRAN's New Geothermal Fracture Model for Simulation of Geothermal Systems ........... 895
Jennifer M. Frederick, Hannah S. Gatz-Miller, Tom S. Lowry

Tracer Return Analysis in Volsung Using Particle Tracking .........cccccueveveninininieiiniininencnesceeeeceenee e 903
Peter Franz, Jonathon Clearwater, Tim Mitchell, Ethan Chabora

Experiment and Modeling Study on the Multiphase Flow and Reactive Transport Under
Supercritical Geothermal CONAILIONS .........ccveeuiiriieriieiieeie e rteee ettt e e st e e e seebesaesseesseesseeseenseenseesnenseens 916
Tianfu Xu, Guanhong Feng, Yilong Yuan, Ye Gong, Chenghao Zhong

Comprehensive Evaluation of Geothermal Potential at Mount Ciremai Geothermal Field,
Indonesia, Using Reservoir Modelling and Uncertainty Quantification Method ............ccccoeviniiniencincnnnnnn. 926
Ari Fuad, Ken Dekkers, Michael Gravatt, Michael O'Sullivan, Bei Nagoro, John O'Sullivan

A Unified Compositional Flow Model for Simulating Multiphase High-Enthalpy Geothermal
RESEIVOITS ...ttt sttt st eb e st b e st h e et b e s et eb e s et e b e s et b s aeneenesaennen 943
Micheal Oguntola, Omar Duran, Veljko Lipovac, Eirik Keilegavlen, Inga Berre

2025 Geothermal Drilling Cost Curves UPdate. ........ccoueeuiiieiierieniieieiieeee ettt 954
Dayo Akindipe, Erik Witter

Evaluation of Drilling Performance at the Geysers with Machine Learning Methods Using

L€ ET0) (o e Tl D 1 ST 965
Pengju Xing, Eric Edelman, Carlos Vega-Ortiz, Clay Jones, Stephen Deoreo, Mitch Stark,
Justin Wriedt, John McLennan

Geothermal Drilling Fluids: R&D and Field Trials for Conventional and Unconventional
GEOtherMal RESOUICTES........cuiiiiiiiieiieiteiteertet ettt ettt st b ettt be et b et ebe ettt neenes 975
John Tuttle, Ron Tate

Vacuumized Pipe-in-Pipe Solution for Efficient Geothermal Heat Extraction Everywhere for
District Cooling and Heating and Industrial USQe ........c.cevuieiiriiniinieiieieeieee et 989
Kim Gunn Maver

Evaluation of Well Completion Configurations for Supercritical Geothermal Wells.............ccccecvevieiencnnne. 1000
Isabella Osorio Acosta, Elvin Allahverdiyev, Eduardo Andres Paba Vega, Khizar Abid,
Catalin Teodoriu

Geologic Thermal Energy Storage (GeoTES) - Technology Demonstration...........c.cccceereevernennenceneeneeene 1012
Mike Umbro, Eric Berger, Paul Harness, Frank Lawrence, Loren J Lederhos

Reducing Data Center Peak Cooling Demand and Energy Costs with Underground Thermal Energy
StOTAZE (UTES) ..ttt et ettt e b et ettt e bt e e sat e e bt e et e eabeeeatesabaeeseesabaeeseeennes 1024
Jeffrey Winick, Guangdong Zhu, Kevin Kitz, Andy Adams

Predictive Modeling of Heat Storage in TU Delft Campus........coccvveeieeriieniiieniiecieeeieecve e sve e 1038
Taylan Akin, David Bruhn, Alexandros Daniilidis

Rheology and Flow Visualization of Temperature-Responsive Microgels and Their Potential for

Geothermal Reservoir ManagemENt...........ccveruieriieiieieeieniiesieesieeteseeseeesseeseesseessesssesseeseensesnsesnsesseesseenseenes 1046
Aaron M. Baxter, Danni Tang, Adam J. Hawkins, Ulrich B. Wiesner, Patrick M. Fulton,
Jefferson W. Tester, Frederic Blanc, Sarah Hormozi



Flow Measurements and Transport of Temperature-Responsive Hydrogel Microspheres for Use in

Subsurface FIOW ManaQ@EIMENL ...........ccuevieriieriieiieeieeiesiteie et eteeteseesteeseesesaessaesseesseesseenseessesseesseesessesnnes 1052
Bryan H. Abdulaziz, Aaron Baxter, Danni Tang, Adam J. Hawkins, Sarah Hormozi, Patrick
Fulton, Ulrich B. Wiesner, Jefferson W. Tester

Focal Mechanism and Stress Analysis of the CAPE Site, Utah ..........ccccooininininiininincecccenee, 1063
Ahmad Mohammadi, Xiaowei Chen, Nori Nakata, Sireesh Dadi

Impacts of Basement Shear Zones on Enhanced Geothermal Systems (EGS): Best Practices for
Avoiding Induced Seismicity, Premature Thermal Breakthrough, and Excessive Leakoff .............ccceceeee. 1071
Greg Leveille, Mark Zoback

Impacts of Vertical-fracture Networks on Enhanced Geothermal Systems...........cccevevenereninieeiencncnennns 1084
Zhengian Xue, Zhangxing Chen

EGS Reservoir Characterization Through Injectivity and Steady-State Circulation Tests ..........ccccecuevuenneee 1094
Deniz Ertas

Enhanced Geothermal Systems for Reliable Decarbonization of the California Energy Grid ........................ 1100
Mohammad Aljubran, Dimitri Saad, Mo Sodwatan, Adam Brandt, Roland Horne

Forty Years of Production from the Steamboat Geothermal Field: Numerical Model Update........................ 1110
Sulav Dhakal, Drew Spake, Lu Lee, Danny Feucht, John Murphy, John Akerley, Adam
Johnson, Ryan Libbey, Paul Spielman

Estimating the Total Thermal, Sustainable and Developable Geothermal Potential for the Liptov

Basin Geothermal Field, Slovakia: Combining Probabilistic Resource Assessment Approach with

Real Production Data...........ccccviuiieiiiiiciiicieeeeeeee ettt 1127
Branislav Fricovsky, Ladislav Vizi, Klement Fordinal, Radovan Cernak, Katarina Benkova,
Daniel Marcin, Marta Kalabova, Jana Fricovska

Flow and Thermal Modeling of a Geothermal Doublet in a Layered Reservoir of Paris Basin.........c..c......... 1139
Emmanuel Mouche, Maxime Catinat, Daniel Otoo, Benjamin Brigaud, Pascal Audigane

Modeling and Mitigation of Wellbore Flashing During Initial Circulation After Prolonged Non-
Circulation in Geothermal SYSTEMIS ........cccuiiiiiiiiieeiieeie ettt erte et e et eebeeesteeebeeeteestaeeseessaeeseesnsseenseesnns 1148
Chen Wei, Shahriar Mahmud, Yuanhang Chen

Value Distribution Strategies for Hydrothermal and EGS Resource Estimation in Geothermal
EXPIOTALION ...ttt ettt st b e e bt oot ettt e b s bt bt bt st et et besh et ebeente e ens 1165
R. Chadwick Holmes, Jozina B. Dirkzwager

Decision-Support and Modeling with Large Language Models for Geothermal Well Arrays.........cc.cccceeuene. 1175
Edwin Ouko, Alan Edelman, Emmanuel Lujan, Bob Metcalfe

GeoBridge: Unearthing Insights from Connecting Communities to Geothermal Information and
OPPOTEUNIEIES ...evieneeiiieeieeiieetieettet e eteetestesttesste st esseesseesseesaesseenseenseansesnsesssesseanseenseenseanseessenseenseensennsesnsesnnennes 1185
Jon Weers, Austin Venhuizen, Tara Huth, Faith Smith

A Simple Data-Centric Methodology for Geothermal Producible Well Determinations.............ccccceveeneeennenn. 1194
Nicole Taverna, Diana Acero Allard, Mohammad J. Aljubran, Jenna Harmon, Cameron
Grant, Paul Lee, Rosalie Yu

8 Years on: Incremental Impact of Worldwide Implementation of the United Nations Framework

Classification for Geothermal Energy RESOUICES .......c..eviiitiiiiiiiiiiiiii et 1209
Gioia Falcone, Graeme Beardsmore, Paolo Conti, Sulamith Kastl, Harmen Mijnlieff,
Annamaria Nador, Greg Ussher, Marit Brommer, Charlotte Griffiths, Hari Tulsidas



Data-driven Lithium and Geothermal Resource Assessment in the Smackover Formation........................... 1224
Xiang Huang, Bulbul Ahmmed, Shuvajit Bhattacharya, Chelsea Neil

GeoGym: a Benchmark Dataset for Evaluating Geothermal Exploration Strategies ..........c.ccooceveireeneenncene. 1233
Zhouji Liang, Sofia Cecilia Brisson, Ahinoam Pollack, Robin Thibaut, Junjie Yu

Lessons Learned from AskGDR: Usage and Impact Analysis of the Geothermal Data Repository's
AT RESEAICIH ASSISTANL .......eiiuiiiiieiieiirieiteertee ettt sttt ettt e 1240
Jon Weers, Nicole Taverna, Slater Podgorny, Jay Huggins

Gaps, Challenges, and Pathways Forward for Superhot Rock Geothermal: Summary Report ...................... 1246
Jenna Hill, Terra Rogers, Megan Sever

Microcapsule Transport in Porous Media for Treatment of Non-Ideal Flow Zones.........c.ccocceceevevieicncnenne. 1275
William Kibikas, Joshua Tafoya, John Stormont

Alkali-activated Aluminate-based Cement for Use in Supercritical Geothermal Wells ...........cccceevverneneen. 1284
Michelle Devoe, Sizhan Liu, Toshifumi Sugama, Tatiana Pyatina, Jianming Bai

Research on the Effective Use of Enhanced Geothermal Systems in Poland to Achieve

ENvVITONMENTAL EETECS ....vvviiiiiiiieeeeeee ettt e e e e e ettt e e e e e e st e eeeeeesenaaareeeeeeaan 1294
Anna Sowizdzal, Barbara Tomaszewska, Michal Kaczmarczyk, Maciej Szymanek, Magdalena
Starczewska

Sustainable Cementing Solutions for Geothermal Wells: Harnessing Industrial By-Products to
ENDance WEll INTEEIILY .....eoveiieiiieiieii ettt ettt e sttt et eeb e e s e stee s e es s e ensesnsesseesseesseenseenseansenssenseens 1305
Rockson Aluah, Fadairo Adesin, Oni Opeyemi, Ojo Ibukum, Luc Yvan Nkok, lan Foerster

Investigation of Rheological Behavior of Silica-Based Nanofluids for Enhanced Geothermal
S S ERIMIS ..t etteetteeeiteesiteeete ettt esete ettt essbeestaeeasbeessseeasaeensseesseeasseensseensseensaeeasaeesaeeatae e naeeataeenteeentaeenteeentaeeseeentes 1327
Nabe Konate, Reza Foudazi, Saeed Salehi, Karami Hamid

Mathematical Modeling of Preformed Particle Gel Transport in Fractured Geothermal Reservoirs.............. 1338
Philip H. Winterfeld, Baojun Bai, Yu-Shu Wu

Elucidating the Alkali-Activated Dissolution Mechanisms in Boehmite-based Cementitious
Composites Under Enhanced Geothermal Conditions Using In-situ Synchrotron Characterization.............. 1354
Sizhan Liu, Michelle Devoe, Toshifumi Sugama, Jianming Bai, Tatiana Pyatina

Update on Reservoir Pressure Changes in the Matalibong Sector, Tiwi Geothermal Field,
5 011 110703 11 1< SRR URTRUSR 1361
Anthony Menzies

A Two-Stage Approach to Native State Modeling, and Insights from Production Modeling, of the
Roosevelt Hot Springs Hydrothermal SYStem ..........c.cocuiiiiiiirieiieieeieeieee et 1369
Aileen Zebrowski, Brian J. McPherson

Revisiting the Basel-1 Hydraulic Stimulation with a 3D Coupled Hydro-Mechanical Model....................... 1384
Regina Fakhretdinova, Alexis Sdez, Andrés Alcolea, Brice Lecampion

Numerical Models for Assessing the Performance of Thermal Energy Storage and Transport Via

Underground Mine WOTKINES ...........ecuieiieieeiesiesiieie et ste st ettt eteeeaesteesseesseesessaessaesseesseenseenseassesssenseens 1397
Yingqi Zhang, Christine Doughty, Patrick Dobson, Curtis Oldenburg, Tim Kneafsey,
Wencheng Jin, Travis McLing, Trevor Atkinson



Simulating Matrix Thermal Contraction and Stochastic Fracture Networks in Enhanced Geothermal
Systems Using PFLOTRAN .......cc.ioiiiiiiieieteee ettt ettt ettt et ete s aessaesseenseesseensessaesseenseensesnsesnnes 1406
Hannah S. Gatz-Miller, Jennifer M. Frederick, Thomas S. Lowry

Fluid Flow, Rock Deformation, and Seismic Response During Utah FORGE Circulation Tests................... 1416
Ahmad Ghassemi, Zhi Ye, Sanghoon Lee, Jonathan Ajo-Franklin

Geothermal Proppants: Qualification for Use in Superhot Reservoirs..........ccoecvveeveeierienieneene e 1432
Jonathan Alcantar, Sanjiv Dhanjal, Gregory N Boitnott, Steve Hender

Crush Resistance and Packing Strength of Candidate Proppant for Enhanced Geothermal Systems ............ 1438
Sree Sujon Sutradhor, Ahmad Ghassemi

Impact of Fluid Thermophysical Properties on Long-Term Fluid Circulation and Heat Production in
Enhanced Geothermal SYSIEMS ......cccueeiiiiiiiiiiieeie ettt ettt et ste et e seaeestaeessbeessseessseessseessseessseessseensseas 1451
Ruwantha Ratnayake, Ahmad Ghassemi

Application of Soap Sticks for Enhanced Stimulation in Geothermal Wells: Case Study of

Lahendong Field, INAONESIA .........ccuieuieiieieciiecieieeie ettt et e st e st e e e e sesaessaesseesseanseenseensesssenseens 1461
Benedict Amandus Hananto, Gamal Hastriansyah, Dhanie Marstiga Yuniar, Fernando
Pasaribu, Dika Igbal Lidyanto, Florindo Ravetello Ayomi, Ahmad Fahmi Fanani, Muhamad
Bayu Saputra

Water-Based Geothermal Binary CYCIES ......ccouiiriiiiiieiiieiieeeieesiteste ettt ettt sveesiteesveessbeesnaeessseessseensseas 1467
Daniel Dichter

White Paper on Orkuveitan‘s Deep Utilization P1ans .......c..cocoocviiiiiiiniinininciciiicccnsceeeeeeee e 1481
Arna Palsdottir, Palmar Sigurdsson, Prainn Fridriksson, Dario Ingi Di Rienzo, Asdis
Benediktsdottir

Enhancing Thermal Efficiency in Super-Hot Geothermal Systems: Optimizing Premium
Connections for Advanced Vacuum Insulated TubUlars ...........coceeeieciiiienienieieeeeeeee e 1487
Corey Dufrene, Jerome Sfeir, Elizabeth Cambre, Axel Pierre Bois

Reaction Kinetics Control of Alkaline Activated Materials by Activator Encapsulated
Microcapsules for EGS Well CONSIUCTION..........ccuiiiiierieeeiiesteesteesteesteesveestreesveessaeessseessseessseessseessseesssees 1499
Chun Chang, Seiji Nakagawa, Qi Zheng, Haimei Zheng

Bayesian Optimization of MMW Beam Ablation Under Material Uncertainties..........coccoevereeeeeeenuenennenne. 1505
Adriano Casablanca, Katerina Adamopoulou, Franck Monmont, Nikos Nikiforakis

Fiber Optic Model Based Flow Quantification Enhancing Geothermal Systems............cccceeevvercieenieenveennnnn. 1517
Aleksei Titov, Valery Shako, Dmitrii Kortukov, Andrew Dodds, Mikhail Kaznacheev

Fracture Characterization Revealed by Microseismicity at Cape Modern Geothermal Field, Utah............... 1529
Nori Nakata, Hilary Chang, Sin-Mei Wu, Zhengfa Bi, Li-Wei Chen, Florian Soom, Hui Gao,
Aleksei Titov, Sireesh Dadi

Super-Critical CO; Geothermal POWer GEeNeration ..........c.cecvieeieeiiienieeniienreesieeseeesieeeseeeeseaeeseeeessseensneenens 1537
Toshiyuki Tosha, Amane Terai, Shoko Watanabe, Takuya Teraoka, Taro Kabashima

RockBlockEx - A Laboratory Scale Hydraulic Fracturing Experiment at Differential Stress of Up to
20 MP .ottt ettt et et 1546
Nadine Haaf, Victor Haefner, Eva Schill



Application of Strain Transfer Model for Fracture Conductivity Modeling and Monitoring of
Enhanced Geothermal SYSEEMS ........ccuiecvieierierieriieie ettt ettt e et e steesbe e seesesaessaesseesseenseenseessesssenseens 1554
Queendarlyn Nwabueze, Smith Leggett

GeoDAWN to GeoTGo: from Complex Data to Decisions Related to Geothermal Prospectivity................. 1566
Tracy Kliphuis, Ari Markowitz, Rishi Yang, Velimir (Monty) Vesselinov

VOLUME 3

GeoCore: an Efficient and Scalable Framework to Optimize Geospatial Machine Learning ........................ 1578
Ognjen Grujic, Thomas Hossler, Jacob Lipscomb, Rachel Morrison, Connor Smith

GeoCLUSTER v2.0: A Closed-Loop, Techno-Economic Simulator Supporting New Case Studies ............. 1592
Anastasia Bernat, Alexander Buchko, Koenraad Beckers, Aaron Moreno

Quantile Model Regression of Nameplate Capacities: P50 and P90 Megawatt Hydrothermal

Projections for the Great BaSiN.........cccccuiiiiiiiiieiiieeiieeie ettt ste et saeestaeesaeessaeessbeessseessseessseessseensseas 1604
Whitney Trainor-Guitton, Karthik Menon, Pablo Pinchuk, Nicole Wagoner, Sophie-Min
Thomson, Cary Lindsey, Mark Coolbaugh, James Faulds

Thermodynamic Analysis of Liptov Basin (Slovakia) Using Geostatistical Uncertainty Modelling............. 1621
Ladislav Vizi, Branislav Fricovsky, Klement Fordinal, Radovan Cernak

The Coaxial Reversable Medium-Deep Geothermal Heat Well Technology: an Innovative
Approach to Sustainable HEatiNg .........cc.ooiiiiiiiiiiii ettt 1634
Harun Bitlis, Rami Niemi, Ervika Salmenvaara

Comparative Analysis of HEATNETS for Geothermal Network Performance............ccccocevevennceiincncncnnene 1642
Rebecca Barney, Juliet G. Simpson, Guangdong Zhu

Predicting the Lifetime of Geothermal Doublets Analytically ...........cccoooerieiiiiiiniiniiii e 1651
Carolin Wallmeier, Philip J. Vardon, Alexandros Daniilidis

Techno Feasibility Analysis for steam-to-hot Water Conversion for West Virginia University,

MOTZANTOWIL CAIMPUS ...veenviieiieeitteite ettt ettt ettt et e ettt e s ate ettt e sate ettt e sabe e bt e esabeeabteesabeenbteesabeesteesabeenseeessseensaeas 1659
Sai Kiran Yerravally, Kenneth Means, Daniel Lemasters, Srinivas Palanki, Nagasree
Garapati

A Technoeconomic, Policy, and Regulation Assessment of an Integrated Campus Geothermal

)T ¢ A 413 1 DRSPS 1670
Georgia Caruso Carter, Moamen Gasser, Zinah Albabawat, Rohan Vijapurapu, Ebtehal
Alharbi, Taha Yehia, Braedon Gardella, Raghda Emera, Adeshina Badejo, Preston Wilson,
Esuru Rita Okoroafor, Roman Shor

Preliminary Analysis of Results from the Utah FORGE Project.........ccoceiieiiiiiineiiiieiececeiceeeeiene 1683
Mark McClure

The Geochemistry of Flowback and Produced Waters at Utah FORGE and Their Implications for
EGS PrOQUCLION . ...c.uiiiiiiiicieiee ettt sttt et 1697
Stuart Simmons, Clay Jones, Pete Rose, Joseph Moore

Influence of Hydraulic Fractures on Induced Seismicity: A Case Study of the Pohang Mw 5.5
BATtQUAKE. ... eieeieeieee ettt ettt et e et e ettt et e et b e e tb e e bt e e abe e tteeesbeeasbeenabeeneeennseennaean 1705
Yuan Tian, Roland Horne



Deep Neural Network-Based Workflow for Accurate Seismic Catalog Generation from Low-
Resolution Seismic Data in Enhanced Geothermal System Operations ............ccceeeveveeeeereereeneeeneeeveenenenens 1723
Xiaoming Zhang, Weiqiang Zhu, Rebecca O. Salvage, No'Am Z. Dvory

Optimizing Mass Flow Rate in Enhanced and Advanced Geothermal Systems Using Scaling
PATBIMELETS ..ottt sttt et ettt ettt et et et st sae e aeesn et eaneeanenaeen 1733
P. V. Suryanarayana, Sharat Chandrasekhar

Field Test and Thermal Performance Comparison of a Novel Underground Thermal Battery with a
Single U-tube Borehole Heat Exchanger for Geothermal Heat Pump Application...........cccceeeevieniencencnee. 1753
Sajjan Pokhrel, Xiaobing Liu, Yu-Feng Liu, Andrew Stumpf, Ming Qu, Tim Mies

Long-term Monitoring and Performance Evaluation of ATES-GSHP System in Esker Formation:
Case StUAY 1N SEOCKNOIM.....ccuiiiieiieie ettt et et eaaeseae s e e s e ensesnsesnnesseesseenseenes 1760
Mohammad Abuasbeh, Bjérn Palm

Exploring Low-Temperature Geothermal Systems in Hydrocarbon-Bearing Sedimentary Basins: A
Case Study from the Czech Vienna Basin ..........cc.ceciiiiiieeiiiiiiiieeciie sttt eeeeveesveeeveesbeeeveesnbeesnsee e 1772
S. Rybar, M. Nemcok, P. Kyselak, L. Ledvényiova, L. Sliva

Field Test-Based Comparative Analysis of Heat Exchange Performance in Vertical and Horizontal
Ground Heat Exchangers for Geothermal APPIliCAtIONS ........cc.eevveevvirierieriieiieie ettt enes 1784
Yuri Fushiki, Hikari Fujii, Hiroyuki Kosukegawa, Retsu Harada

Closer Look at Some Key Characteristics of Fluids in the Low Temperature Geothermal System of
the Vienna Basin A€° CZeCh Part..........ccooiiiiiiiiiii e ettt 1792
L. Ledvényiova, M. Nemcok, P. Kyseldk, S. Rybar

Physics-Based Limiter Redesign Drilling and Bit Performance Analysis at the Geysers ...........cccceecueveennenne 1801
Jiann Su, Melanie Schneider, David Raymond, Peter So, Justin Wriedt, Stephen Deoreo, Mitch
Stark, John McLennan

Drilling for Superhot Geothermal Energy: A Technology Gap ANalysiS.........ccccveveerieeceerienienieeieeieeveninns 1826
Rebecca Pearce, Tony Pink

Impact of Automated Time Series Feature Engineering on Enhancing Incident Prediction Rates in
GEOotherMal DIILING. ....coueiiiiiiieiee ettt ettt ettt e b e bt et st st saeenbeeeeenee 1837
Aira Aspiras, Sadiq Zarrouk, Ralph Winmill, Andreas Kempa-Liehr

Novel Geothermal Drilling for Developing Deep Heat Exchangers: the DeepU Project..........cccceeevenennenne. 1847
Luc Pockéle, Nicola Mutinelli, Adele Manzella, Antonio Galgaro, Pawel Slupski, Riccardo
Pasquali, Kevin Mallin, Arno Romanowski, Olaf Steinmeier, Maciej Chorowski

Casing Collapse Mechanism in Geothermal Drilling in Western Turkey ..........cccecevverienienenneiicnenceenn 1855
Ervem Arikan, Miras Meyram, Hakki Aydin

Enhancing Geothermal Reservoir Models with Discrete Magmatic Heat Sources .......c..cocceveveeveeecvencnnenne. 1864
Samuel Scott, Gudjon Helgi Eggertsson, Hilmar Mar Einarsson, Andri Stefansson

Thermodynamic Modelling of Hydrogen in Hydrothermal Fluids..........ccccooiiiiiiininiinicee 1878
Marwah Alsinan, Dick Kachuma, Anthony Kovscek

DEI Double Energy Input 5.1, Optimisation of the Previous Model..........c.ccoceveriiiiinininincnicniiiecncnee, 1889
Daniel Ramirez Ordas



A Parametric Study of L-shape Coaxial Closed-Loop Geothermal Systems with Reservoir
COMVECTION. ...ttt ettt b et e b et b et e b et e b et ene e 1898
Gabriela Bran Anleu, Raquel S. P. Hakes, Radoslav Bozinoski, Koenraad Beckers

Preliminary Study on Utilizing Closed-Loop Geothermal Systems for Seasonal Storage of Surplus
Solar and WINA ENEIZY ......cooieriieiieieeieeiiese ettt ettt et et s e te et eentesaessaesseenseesseenseesaenseenseensennsennnes 1908
Wanju Yuan, Stephen E. Grasby, Zhuoheng Chen, Gang Zhao

Seismic and Aseismic Deformation During Hydraulic Fracturing/Shearing and Circulation in

Hydrothermally Altered Crystalline Basement ROCK ..........ccoovuiiiiiiiiiiniiiiicieeceeeece e 1925
Eva Schill, Béatrice A. Ledésert, Albert Genter, Yves Guglielmi, Thorsten Schdfer, Carole
Glaas, Nori Nakata

Characterization of Drill Core from Stimulated Crystalline Rock Following Hydraulic Fracturing at
the Utah FORGE Geothermal TESt SIte.......c..ceoiiiiiiiiirieieesieeeereeeeeseee ettt 1932
Clay Jones, Stuart Simmons, Joseph Moore

The Helmholtz Research Infrastructure GeoLaB: a Test Field for Exploration of Fractured

RESEIVOITS ...ttt ettt h et et e a e s bt e s et e sb e et e e et ea e e e b e e e b e e b e em bt embeeaeesaeesbeenbeeneeemteeneeeneenneens 1946
Thomas Kohl, Judith Bremer, Eva Schill, Bastian Rudolph, Katharina Schdtzler, Fiorenza
Deon, Jens Grimmer, Said Kamrani-Mehni, Stefan Liith, Karsten Rink, Nico Neuwirth,
Christoph Schiith, Olaf Kolditz, Ingo Sass

Fracturing Fluid Additives for Very High Temperature Geothermal Well Stimulation ...........ccccceeeeveerveeneen. 1952
Susan Petty

Alternative Design Concept for Enhanced Geothermal Systems Through Reconfiguration of
Stimulation Techniques from the Past ...........ccoeviiiiiiiiieie et 1958
Noah Perkovich, Yaoguo Li

Coupled Numerical and Analytical Simulation on Delft Campus Geothermal Well...........c.ccccoveeeiiiiiieennnns 1971
Yuan Chen, Guillaume Rongier, James Robert Mullins, Denis Voskov, Alexandros Daniilidis

Simulation of EGS Fracturing Dynamics Using Phase-field Finite Element...........ccccocovvviencniinincncnennnn. 1980
Ahmed G. Almetwally, Mary F. Wheeler, Robert K. Podgorney

Grain-Scale Modeling of Lost Circulation Materials and Application to Reservoir Simulation..................... 1991
Pramod Bhuvankar, Matthew Reagan, Seiji Nakagawa, Patrick Dobson

Modeling Hydraulic Fracture Opening and Closure with Proppant Transport and Settlement ...................... 2000
Ming Yang, Travis McLing, Wencheng Jin

Dynamics of Thermal Migration in Pressure-Propped Fractures During Huff-n-Puff Operations................. 2009
Mauricio A. Rivas, Victoria McGuire, Douglas Simpkins, Lev Ring

Optimization of Drilling Parameter to Minimize Torsional Vibrations in Geothermal Wells...............c........ 2018
Chinedu Ejike, Abid Khizar, Catalin Teodoriu

Numerical Modeling of Casing-Cement Failure in Geothermal Wells Using Modified CZM
BONAING CONAILIONS.....c.uiiiiiieeiieeiiiecie et este ettt ettt este ettt esaeestbeessaeessseessseesseesssaesseessseensseensseensseessseenssen 2025
lonut Lambrescu, Elvin Allahverdiyev, Abid Khizar, Catalin Teodoriu

Maximizing the Value of Geothermal Data for Reducing Drilling RisksS..........cccoovvriiiiciiniiniinieiieieeeene 2036
Abraham Montes, Pradeepkumar Ashok, Eric Van Oort



A Comprehensive Evaluation of Drill Pipe Insulation for Downhole Temperature Management
Using Physics-Based MOEIS ........c.oeiieiieiiiiecieiee ettt ettt s ae e s esseenseenseenseesnenseens 2055
Yuxing Wu, Yifan Zhang, Nassima Bettir, Pradeepkumar Ashok, Eric Van Oort

Thermo-Hydraulic Modeling of Long-Term Circulation Tests at the Utah FORGE Site..........cccccoveeeneenene. 2066
Robert Podgorney, Lynn Munday, Aleta Finnila

Preliminary Analysis of Continuous Seismic Monitoring at Utah FORGE: Tracking Fracture
Evolution with Distributed Acoustic Sensing and Permanent SeiSmic SOUICES .......cccuereereerienieeieaienienieens 2074
Julia Correa, Jonathan Ajo-Franklin, Barry Freifeld, Todd Wood

Microseismic Source Mechanisms During a Utah FORGE Injection Stimulation..........c.ccocevceeievicnicncnenne. 2084
James Rutledge, Kristine Pankow, Peter Niemz, Ben Dyer, Dimitrios Karvounis

Lessons from Utah FORGE for Seismic Monitoring of Engineered Geothermal Systems.............cccceevenee 2092
Kristine Pankow, Ben Dyer, James Rutledge, Dimitrios Karvounis, Peter Niemz, Katherine
Whidden, Peter Meier, Paul Jaques, Julie Shemata, David Eaton, Joe Moore

Thermal Kaiser Effect and Thermo-mechanical Response of Utah FORGE Granitoid ...........ccccccevcveeeeennenne. 2107
Xuejun Zhou, Pradeep Gautam, Ahmad Ghassemi

Coupled Managed Pressure and Temperature Drilling in Geothermal and HPHT Wells ........c..ccccceveninene 2119
Xu Duan, Yifan Zhang, Pradeepkumar Ashok, Dongmei Chen, Eric Van Oort

Critical Fracturing Considerations for Enhanced Geothermal SyStems ..........cccceccevievineneneniniceienenenennns 2129
Ludmila Belyakova, Abdul Mugtadir Khan, Vadim Isaev

Investigating Enhanced Geothermal Systems Feasibility in a Low-Permeability Sedimentary
J L0500 F:15 o) s U ORRTR 2144
N Mitha Angelina, Inti Rodriguez Hernandez, Lokesh Kumar Sekar, Esuru Rita Okoroafor

A Mixed-Dimensional Approach for Compositional Multiphase Flow in High-Enthalpy Fractured
GEOothermal RESEIVOILS .....c.couiviiiiiiiieiiitiieie ettt ettt et 2154
Omar Duran, Veljko Lipovac, Inga Berre

Superhot Hydrothermal Fluid Reservoirs: Targeting Through Boron and Chlorine Volatility
GEOTNETINOIMIEIIY ...t eeiieeiee ettt etee et e st e et e et eebee s bt eesbeesateeesseesssaessseesssaeasseesssaeasseesnsaaasseesssaeanseesnseensseens 2165
Andri Stefansson

An Early Warning System for Volcanic ErUPtiONS ...........ccooverieriieiiieiiieieeiesieseesie et 2174
Larus Thorvaldsson, Lilja Magnusdottir

Geochemical Evaluation of Scale Types in a Production Well Following the 2018 Kilauea Eruption,

Puna Geothermal Venture, Hawail, USA..........oooomiiiiieiee ettt eee e eeae e e e e e eraeeeenns 2184
Derek Caro, Adam Johnson, Ed Mroczek, Nick Prina, Drew Spake, Joseph Heimerl, Paul
Spielman, Scott Costa

Repurposing Oil/Gas Wells for Geothermal Applications: an Experimental Study on Geochemical

IMpacts 0f the CYCING SYSIEM......ccuvieiiiiiiieeiie ettt eiee et e et e st eeteesbeesbeessbaeesseesnseeesseesnseeansessnseessseesns 2194
Wei Xiong, Thomas Paronish, Meghan Brandi, Justin Mackey, Barbara Kutchko, Dustin
Crandall, Danylo Oryshchyn, Saeed Salehi

Hot Dry Rock Geothermal Power Generation Estimates for the USA (L48) Using Reduced Physical
IMIOEIS ..ttt ettt st b e bt bt ettt bbbt a ettt b et ebeeat et ete st bes 2206
Parker Anderson, Mike Eros, Lev Ring, Doug Simpkins, Samuel Klarin



Comparative Study of Enhanced Geothermal System Supply Curves Across CONUS from Two

Temperature Models Using the Renewable Energy Potential Model (feV).......c.occvvvevienienieneiieeieeeeene, 2214
Karthik Menon, Whitney Trainor-Guitton, Sophie-Min Thomson, Pavlo Pinchuk, Nicole
Taverna, Reid Olson, Galen Maclaurin

I[lluminating Geothermal Reservoir Structure: DAS Microseismic Reflection Imaging at Utah

Yuanyuan Ma, Jonathan Ajo-Franklin, Michal Chamarczuk, Jeremy Patterson, Rosie Zhu,
Ismael Vera Rodriguez, David Podrasky, Thomas Coleman, Carlos Maldaner

Simplified Fracture Model for Numerical Simulation of EGS: A Utah FORGE Case Study..........cccccevuen.e. 2234
Piyush Kumar Kumawat, Palash Panja, Wencheng Jin, Lynn Brendon Munday, Robert
Podgorney, Evan Earnest, Eric R. Upchurch, Mark Tozzi, Milind Deo, John McLennan,
Joseph Moore

Insights from Unplanned Outcomes in Laboratory DFIT Experiments for Utah FORGE Stimulation
AN STESS ANALYSIS ....uvieivieiieiieieete et ete st et et et e et e ssee st e esseessesstesaeesseesseenseanseessesssenseenseensesnsesanesseenseenseenes 2242
Zhi Ye, Ahmad Ghassemi

Rough Fracture Characterization in Enhanced Geothermal Systems (EGS): Numerical Simulation
UPDAALES ... ettt ettt ettt et e et et et e e et e et e et e e s s eesseeasesseeeseense e st e enseenseesae st e s s e enseenseenaeeReeesee st enseenseenseenaenneens 2253
Sarah Sausan, Roland Horne

Utilization Potential of Marginal Well to Maintain Steam Supply to Geothermal Power Plants: Case
Study of Lahendong Field, INAONESIa..........cccueeiiiiiiiiiiiesiiecie ettt e et eesaeeebaeeeeeesaeeneaeennes 2264
Ahmad Fahmi Fanani, Benedict Amandus Hananto, Dhanie Marstiga Yuniar

The Impact of Exploitation in the Surface Manifestations at Karaha Bodas Geothermal Field,
INAOMIESIA ..ottt et e 2270
Anjani Puspadianti, Aththur Maulana Effendi, R. M. Tofan Sastranegara

Geothermal Exploration of the Kenya Central Rift Segment: Case Study of the Otutu Rift Segment........... 2275
Erigue Nyawir, Jacques Varet, Peter Omenda

Tracer Flow Testing for Determination of Mass Flow Rates, A Case Study for KenGen-Olkaria
ProducCtion WEILLS..........coveiriiiiicc ettt 2287
Felix Kirui

Enhancing Reservoir Temperature Prediction in Western Anatolia Geothermal Systems by
Generating Synthetic Hydrogeochemical Data Using Generative Adversarial Networks..........c..ccoceveenene. 2294
Fiisun Tut Haklidiv, Mehmet Haklidir

Mitigating Thermal Breakthrough in Enhanced Geothermal Systems Using Nanofluids .........ccccccceeverennenne. 2302
Kun Ji, Hong Li, Sai Liu

Protection of Condensate Reinjection Wells by pH Management............ccocceceererneniieioieneenieneeieeieeeesieens 2310
Martin Opiyo, Calyst Kitimo

Recharge Zone of the Ogiri Geothermal Field, Analyzed the Microearthquake Data............cccceceeveeicncnnnne. 2322
Mituhiko Sugihara

Comparison of the Modelled Hydraulic Impact of Multi Legs and One Leg Geothermal Wells in the
Dogger Reservoir in the PAris ATCa ..........ccuevieiieriieiieie ettt ettt ettt e e e etesaesseesseesseenseenseessesssenseens 2328
Morgane Le Brun, Anne-Lise Gille, Pierre Chouet



Updating the Complexity of Tompaso Geothermal Conceptual Model, Indonesia ............cccccvevevererecirenennnnns 2335
Muhammad Ikhwan, Tommy Hendriansyah, Sigit Suryanto, Imam M. Prasetyo, Anjani
Puspadianti, Ristio Efendi, Syayidu G. Ma'Arif, Mochamad Tofan

Demonstration on Direrct Use of Geothermal Energy for Space Heating in Chumathang, Laddakh
(ULT), TAI8. ettt st h ettt et b e bbbt ebt et et e b saeeb e e bt ebt e s e aebe e 2345
Rajeshwar Singh Banshtu, Laxmi Devi Versain

Geothermal Appraisal of Bhimband, Eastern INdia..........ccceeoieeiiiiiiieeiieiiieciie ettt 2353
Tejaswini Gautam, Anirbid Sircar, Kriti Yadav

Infrared Spectroscopy for Real-Time Detection of Swelling Clays in Geothermal Wells. A Case of
(01510 E T 1 TS 2363
Vincent Bosire

Author Index





