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Introduction

› Use well-established, existing technology to improve the standard 
methods of in situ stress measurements by including thermally 
induced borehole breakout technology

› Borehole breakouts are a proven indicator of the maximum horizontal 
in situ stress magnitude

› The thermal breakout technology is intended to reliably create 
breakouts by inducing thermal compressive stress
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Technical  Status – Model ing

› Theoretical proof of concept
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Technical  Status – Model ing

› Statistical analysis
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Technical  Status – Model ing

› Computational fluid dynamics 
simulation of heat transfer
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Technical  Status – Model ing

› Thermal-mechanical (TM) 
simulations
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Technical  Status – Lab

› Laboratory proof of concept
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Technical  Status - Field

› Initial field-scale testing at SURF
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Technical  Status – Downhole Tool

› Conceptual downhole tool design and engineering requirements:
⁄ Telemetry for downhole communications
⁄ Reas onable power requirements
⁄ Temperatures  within operating limits  
⁄ Exis ting tec h c an be us ed
⁄ Monitoring s ys tem is  prac tic al
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Accompl ishments to Date

› Established Technical Advisory Committee (TAC) 
› Initial laboratory proof of concept achieved
› Analytical and numerical thermomechanical modeling confirms theoretical concept
› CFD modeling indicated adequate power requirements and efficiency
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› Successful deployment and operation of 
prototype… 300°C borehole temperatures 
in 3 hours

› Upgraded University of Wisconsin –
Madison polyaxial machine for acoustic 
emissions (AE) monitoring

› Identified multiple feasible options to 
satisfy downhole tool engineering 
requirements
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Lessons Learned

› Anticipate some partnering/contracting issues
› Benefits of preliminary but simple tests for initial proof of concept/learning
› Heater housing material – consider all heat transfer mechanisms
› Adequate power source – voltage drop
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Synergy Opportunities

› Awarded SBIR project for thermally activating salt
› Proposed DOE Geothermal Technologies Office FOA-0002083 

for a related thermal measurement concept for in situ stress
› Integrity Insitu interested in included thermal breakout tech
› EGS Collab and kISMET activities at SURF
› Interest from mining sector for collaboration project
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Project Summary

› Key Findings:
⁄ We can break rock with heat
⁄ Target temperatures  c an be realis tic ally ac hieved
⁄ Analytic al and numeric al res ults  agree on applic ability and res olution

› Next Steps:
⁄ Lab tes ting to tie all of the modeling together under c ontrolled c onditions
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Benefit to the Program

› Program goal:
⁄ Improve the measurement and reduce the uncertainty in the 

measurement of in-situ maximum principal stress in the deep subsurface

› Program benefit:
⁄ Better unders tand the geomec hanic al impac ts  of C O2 s eques tration and 

reduc e the ris ks  as s oc iated with thos e impac ts
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Project Overview

› Budget Period 1:  Modeling
⁄ Perform initial numerical modeling to support the proof-of-concept in a 

range of subsurface conditions.
⁄ Expand the numeric al modeling to guide the propos ed laboratory-tes ting 

program.
⁄ Define the engineering requirements  for downhole tool development.

› Budget Period 2:  Laboratory Testing
⁄ Produc e a matrix of laboratory tes t res ults  that s upport the determination 

of the maximum c ompres s ive s trength through thermally induc ed s tres s  
c hanges .

⁄ Refine the numeric al modeling approac h, if nec es s ary.
⁄ Develop and tes t breakout ins trumentation tec hniques .
⁄ Provide s pec ific  outs tanding objec tives  to validate during field tes ting. 

RES PEC .C OM
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Project Overview

› Budget Period 3:  Small-Scale Field Testing
⁄ Build and deploy small-scale prototypes of the system in a downhole 

environment.
⁄ V alidate the c onc ept in an area where additional monitoring is  pos s ible in 

adjac ent boreholes . 
⁄ Define any s pec ific  outs tanding objec tives  to validate during the full-s c ale 

deep well tes ting. 

› Budget Period 4:  Large-Scale Borehole Demonstration
⁄ Demons trate a s uc c es s ful tes t in a deep well. 
⁄ C ompare the res ults  of the thermal breakout tec hnology agains t the 

exis ting s tate-of-the-art for the s ame deep well.
⁄ Provide validation for c ommerc ializing and adopting the tec hnology.
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Organization Chart

› RESPEC:  Project management, modeling, lab testing, field testing
› LBNL:  Modeling, lab testing
› UW:  Lab testing
› Integrity Insitu:  Downhole tool design
› SURF:  Small-scale field testing facility
› Range Resources:  Large-scale borehole demonstration access
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Organization Chart
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Plan Milestone

Actual Decision Point

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1 RESPEC 1 48

2
2.1 Initial Numerical Modeling RESPEC LBNL 1 6
2.2 Initial Engineering Design Requirements RESPEC BHGE, TAC 1 6
2.3 Modeling Evaluation of Subsurface Factors RESPEC LBNL 7 6
3 Laboratory Testing
3.1 True-Triaxial Borehole Breakout Tests UW 7 18
3.2 Shaped Core Uniaxial Tests LBNL UW 13 9
3.3 Shaped Core Thermal-Poromechanics Tests RESPEC LBNL 19 6
3.4 Confirmation Modeling RESPEC LBNL 9 16
4
4.1 Prototype Tool Design and Construction RESPEC BHGE, TAC 19 12
4.2 Safety and Access SURF TEAM 22 15
4.3 Field-Scale Testing RESPEC TAC, UW, LBNL 25 12
4.4 Confirmation Modeling RESPEC LBNL 25 12
5 Deep Well Field Testing
5.1 Prototype Tool Design and Construction RESPEC BHGE, TAC 31 9
5.2 Safety and Access TBD TEAM 38 6
5.3 Field-Scale Testing RESPEC BHGE, TAC 40 4
5.4 Confirmation Modeling RESPEC LBNL 44 6

Year 1 Year 2

Project Management/Planning, Administration,  
and Technical Advisory Committee
Engineering Design and Numerical Modeling

SURF Field Testing

Project Month

Thermal Breakout Schedule
PLAN 

DURATIONTask ACTIVITY
Responsible 

Lead
Pertinent Team 

Resources
PLAN 
START

Gantt Chart – Years 1 and 2
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Gantt Chart – Years 3 and 4
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Plan Milestone
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25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

1 RESPEC 1 48

2
2.1 Initial Numerical Modeling RESPEC LBNL 1 6
2.2 Initial Engineering Design Requirements RESPEC BHGE, TAC 1 6
2.3 Modeling Evaluation of Subsurface Factors RESPEC LBNL 7 6
3 Laboratory Testing
3.1 True-Triaxial Borehole Breakout Tests UW 7 18
3.2 Shaped Core Uniaxial Tests LBNL UW 13 9
3.3 Shaped Core Thermal-Poromechanics Tests RESPEC LBNL 19 6
3.4 Confirmation Modeling RESPEC LBNL 9 16
4
4.1 Prototype Tool Design and Construction RESPEC BHGE, TAC 19 12
4.2 Safety and Access SURF TEAM 22 15
4.3 Field-Scale Testing RESPEC TAC, UW, LBNL 25 12
4.4 Confirmation Modeling RESPEC LBNL 25 12
5 Deep Well Field Testing
5.1 Prototype Tool Design and Construction RESPEC BHGE, TAC 31 9
5.2 Safety and Access TBD TEAM 38 6
5.3 Field-Scale Testing RESPEC BHGE, TAC 40 4
5.4 Confirmation Modeling RESPEC LBNL 44 6

Year 3 Year 4
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*Publishing in progress
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