The Utah Frontier Observatory for Research in Geothermal
Energy (FORGE): An International Laboratory for
Enhanced Geothermal System Technology Development
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40 Years of EGS Stimulations
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Current Status of Enhanced Geothermal System
Development

* No EGS systems greater
than a few MWe

* Low flow rates (<40

_/s)/heat recoveries

* Reactivated fracture zones
dominate EGS reservoirs

* Fractures reactivated by
hydroshearing/thermal
effects

Hydroshearing
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Advancing EGS Development

FORGE will provide opportunities to develop:

* Novel stimulation and well completion methodologies
to produce fracture networks in hard rocks

* High-temperature drilling tools and zonal isolation
technologies for horizontal drilling in hot crystalline
rocks

* Technigues to modify/manage existing stress fields to
take advantage of existing fractures

* Methods to manage and forecast induced seismicity
* Best management practices for EGS development

* Predictive numerical models

* Education and research opportunities at all levels
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Milford Utah FORGE Site
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FORGE Criteria

* Temperature >175°C
and <225°C
* Depths >1.5 km

* Low permeability
rocks (granite)

* Low risk from
Induced seismicity

e | ow environmental
risks

* NO connection to
hydrothermal system

Kilometers
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Geologic Setting
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Top of Granitic Basement

® Granite-basin fill
contact dips ~25°
west

® (Contact penetrated
by deep wells and
imaged by 3D
seismic reflection
survey

® Basementtop
interpreted as the
exhumed footwall
of a rotated Basin W  rorceste
and Range fault i s

® No offset of
basement top

71-10
OHB

Acord-1

fan deposits
granitoid

basin fill-layered sadimentary deposits
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58-32 Activities

® Completed and tested well to

2297 m (7536 ft) s \9@

®* Reached a temperature of
199°C (390°F)

Ran full suite of geophysical
and image logs

Conducted geomechanical
tests on core from two
intervals (~6 m)

Performed Micro-hydraulic and
Diagnostic Fracture Injection
Test (DFIT) in barefoot section
of well
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Stress Directions
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Injection Testing
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G Function Analysis
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Pre and Post Stimulation FMI Logs
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Summary of Earth Modeling Processes

Play movie file
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Earth and Numerical Modeling

e Established Temperature
“reference” earth model
using LeapFrog
Geothermal.

* Box shows FORGE
reservoir and modeling
domain.

* Revise model as
FORGE progresses
and additional data are
collected

Top of granite
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2019 Activities: Stimulate Well 58-32

Stimulation 1: Open hole

* Check shot to test
monitoring program

* Repeat 2017 tests;
Increase rate to 20 bpm
with longer shut-ins

Stimulation 2: Cased hole

e Stimulate critically
stressed fractures

Stimulation 3: Cased hole

e Stimulate non-critically
stressed fractures

M TAHF®RGE

Red-orange: orientations of
fractures are more likely to slip
with increasing pore pressure

Blue-green: orientations that
are very stable

Slip Tendency

shear stress

frictional sliding resistence

Establish baseline conditions for reservoir creation
Test ability to stimulate fractures behind casing
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Fall 2019-2024 Activities |

nnnnnn
ssssssss

P . | e K ] G sta Grid Marth
_ ~ : | mm—] True North: 026
e . 2 - ] M hagnaic Horth: 1153
k Ay
e | R
. b Ir:g?neic Figld
E [u- ] Stre CETEREnT
e = J Dip Angle: 85547
=— ] Date: SIGZ005
1 Wbdd: IGRFZ015
wm
pi s " = (=] ay AW (2]

* Drill and stimulate Rith
Injection/production pair

e Stimulate 2-3 stages at toe
* Circulate between wells

* Monitor reservoir |
development and heat sweep |
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Research Opportunities

* 50% of funding for external research

* Science and Technology Analysis Team
(STAT) develop FOA's
* Reservoir Characterization
* Reservoir Creation
* Reservoir Sustainability
— High-temperature drilling tools
— Novel stimulation and well
completion technologies
— Forecasting of induced seismicity
— Stress management
— Numerical simulations

* |nitial FOAs Fall 2019, yearly thereafter
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Spring 2019: Seismic Monitoring

® Drill two seismic monitoring wells R T

— DAS cable/geophone string in 1000 m well J L
— Geophones in a 330 m well |
e Surface monitoring 5 seismometers; Nodal array
* Test aquifer at these locations 1
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