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Good Afternoon--Chairman Lamb, Ranking Member Weber and distinguished Members of the
Subcommittee, my name is Joseph Moore from the University of Utah’s Energy and Geoscience
Institute. I am honored to appear before you today to discuss Project FORGE, an innovative
geothermal energy research project funded by the Department of Energy in the state of Utah.
The thermal energy beneath our feet is enormous. Some of this energy reaches the surface
naturally through hot springs like those found in Virginia, Arkansas, and Wyoming. But this is
only a tiny fraction of the available energy. If we could capture even 2% of the thermal energy at
depths between about 2 and 6 miles, we would have more than 2000 times the yearly amount of
energy used in the US.
Natural geothermal systems require a source of heat, water to transfer the heat, and permeability
to allow the water to carry the heat upward. These natural systems are found primarily in the
western US. Hot water produced at temperatures of 250oF or above can be used to produce
electricity. Although we can drill deep enough to reach temperatures of 250oF anywhere in the
world, and inject water to transfer the heat, most areas don’t have sufficient natural permeability
to circulate water at the depths we require. The oil and gas industries have demonstrated that
permeability can be created or enhanced through hydraulic stimulation, but these techniques
require modification because of the higher temperatures required to generate electricity and
lower thermal value of geothermal fluids.
Attempts to create Enhanced Geothermal Systems (EGS) were initiated by the Los Alamos
National Laboratory in the late 1970s at Fenton Hill, New Mexico. More than a dozen attempts
followed worldwide. These projects utilized pressurized water to stimulate existing fractures and
create new ones. While important lessons were learned, none of these attempts created
commercial scale reservoirs capable of producing more than a couple of megawatts of electricity.
Rather than repeat the previous experiments, the DOE issued a Funding Opportunity
Announcement (FOA) for building and operating an underground laboratory where new
technologies for EGS reservoir creation and operation could be developed. Some of these
technologies were successfully tested in April 2019 during the stimulation of well 58-32, a 7536
foot well drilled at the Utah Frontier Observatory for Research in Geothermal Energy (FORGE)
site.

The Utah FORGE site was one of five locations in Utah, Idaho, Nevada, Oregon and California
originally considered for the laboratory. The first phase of the project consisted of desktop
studies. Based on these studies, the Fallon, Nevada and Milford, Utah sites were selected for
further evaluation. A deep well was drilled at each of the two sites to demonstrate the reservoir
met the required temperature, rock type, permeability, and stress criteria established by the DOE.
In 2018, the site in south-central Utah was selected.
The granite reservoir rocks at the Utah site are representative of the geologic environment at
many locations across the US. Thus, reservoir creation in Utah can provide a template for EGS
development elsewhere. The site is located on state land in Utah’s renewable energy corridor.
This corridor contains three conventional geothermal plants, a windfarm, a solar field, and a
biogas facility. There are no environmental or cultural constraints that would impact Utah
FORGE activities. Water for testing is available at the site. The local groundwater cannot be
used for agriculture or human consumption and the Utah FORGE project has secured sufficient
water rights for testing and drilling. The local infrastructure is well developed and the site can be
accessed year-round on public roads near, Milford, a community of 1400 located 10 miles away.
The residents of Milford, the Beaver County commissioners, local landowners, and state and
federal agencies have all enthusiastically supported the project. The Governor’s Office of Energy
Development, the Office of Economic Development, and the University of Utah have
contributed significant funds to the project.
In FY2020, we will begin full deployment of the Utah FORGE laboratory. The centerpiece of the
laboratory will be a pair of deep wells, one for injection and one for production. Additional
infrastructure will consist of wells to monitor microseismic activity and produce groundwater,
and facilities to support the research activities. The deep wells have an estimated cost of $15
million each. The first deep well will be drilled in FY2020-2021; the second in 2022-2023. Once
the two wells are drilled, water will be circulated between them to extract heat from the hot
rocks. Currently, the project is scheduled to continue through 2024.
DOE has obligated nearly $125 million to Utah FORGE for FY2020 to 2024. Fifty percent of the
funds will be utilized for research; the remainder will be used for field operations and drilling.
Definition of the research and development topics is the responsibility of an independent group
of experts that includes members of the Fallon, Nevada FORGE team. The first set of
competitive solicitations will be released in FY2020. Solicitations will then be released yearly
throughout the project’s life.
EGS reservoirs have the potential to provide low cost, secure, green electrical energy across the
US. Research conducted under the Utah FORGE program will allow the scientific and
engineering community opportunities to develop and test technologies outside of those used by
commercial geothermal developers and the oil and gas industry. New stimulation and drilling
technologies will, in turn, improve the productivity of conventional geothermal systems and
high-temperature oil and gas plays. The cost of geothermal wells typically accounts for 50% of
the total cost of a geothermal project. Stimulating existing wells and increasing production and
injection rates can significantly reduce the overall cost of a geothermal project by reducing the
number of wells that must be drilled.

The development of new technologies requires a fundamental understanding of the reservoir
characteristics. These include temperature, rock type, principal stress orientations and
magnitudes, the mechanical properties of the reservoir rock (e.g. rock strength), fracture
orientations and distributions, sustainable heat extraction, the potential to induce microseismic
events, and the level of seismic risk.
The importance of microseismic monitoring and seismic risk mitigation cannot be
overemphasized. Because reservoir creation results in a release of energy, microseismic events
are a natural consequence of stimulation. Events with magnitudes greater than 2-3 can be felt and
have led to public outcries in Europe.
A unique feature of the Utah FORGE site is the opportunity to work on microseismic monitoring
and hazard mitigation while simultaneously developing the permeability required for commercial
EGS development. To mitigate issues related to microseismicity, a network of surface and
downhole seismometers is being deployed at the Utah FORGE site and a Seismic Hazard
Mitigation Plan has been developed.
Operational funds for the project will total approximately $62.5 million for the remainder of the
project. Close to two-thirds of these funds will be used for infrastructure development. This
includes drilling, reservoir creation, and deployment of the microseismic monitoring network.
Once the two deep wells are drilled, long term circulation testing will be required to confirm the
universal application of the newly developed EGS technologies and to demonstrate the
commercial viability of EGS resources.
We anticipate completing the second well in Q1 FY2023, as noted above, and decommissioning
the site by Q4 FY2024. The completion of the second well will mark the full realization of the
Utah FORGE laboratory and initiation of full-scale reservoir development. Significant testing,
and demonstrating commerciality of EGS, will occur in the following 18 months. At end of these
18 months, Utah FORGE is required to plug and abandon the wells and bring the drill pads back
to their original grade.
The Utah FORGE site is a unique publicly owned and operated laboratory and an essential
stepping stone to commercial EGS development. Maintenance of the site beyond FY2024 will
provide a facility where new technologies can be tested at low cost in an ideal EGS environment.
No alternative facilities currently exist in the US. We strongly urge the Committee members to
continue their support of the Utah FORGE project and EGS development in the US.
Thank you again for the opportunity to testify on Project FORGE. I am happy to answer any
questions you may have.

Next-generation Energy
Enhanced Geothermal Systems (EGS) represent an enormous source of
energy for the USA. The resource potential of EGS is much greater than
the energy needs of our country.
Natural geothermal systems consist of a heat source, permeable pathways
(fractures or permeable aquifers), and a fluid to transport the heat.
Enhanced Geothermal System reservoirs are hot, dry rocks that lack the
natural permeability required to generate energy pathways.
Temperatures sufficient for electric generation can be found at drillable
depths throughout the country. For EGS cold water is injected into hot
rocks to transfer the heat to the surface to create electricity.
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EGS Benefits the U.S.A.
 Energy Security
 Enormous Resource Potential
 Environmentally Friendly
 Sustainable for Generations
 Cost-Effective
 Low-Risk and High-Reward
 No or Low Emissions
 No Potable Water Required

Frontier Observatory for Research in Geothermal Energy

www.UtahFORGE.com

What is FORGE?
Frontier Observatory for Research in Geothermal Energy
Utah FORGE is a dedicated underground field laboratory sponsored
by DOE for developing, testing, and accelerating breakthroughs in
Enhanced Geothermal System (EGS) technologies to advance the
uptake of geothermal resources around the world.
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The basement rocks forming
the reservoir are hot and
impermeable, and they are
representative of potential EGS
sites across the USA. The
findings and achievements at
Utah FORGE will be the critical
stepping stones to widespread
development of geothermal
energy and renewable power
generation.

UTAH FORGE Site Characteristics
Reservoir attributes
• Temperature greater than 175 °C (~350 °F)
• At a depth of 2 km (~6500 ft)
• Reservoir formation in crystalline rocks (granite)
Environmental considerations
• Free of protected flora and fauna
• No identified risks to groundwater
Water rights and use
• No competition with human or agricultural water use or access
• Extensive supply of nonpotable water available
• Only nonpotable water will be used for EGS development
Seismic considerations
• Monitoring by University of Utah seismic stations since 1981
• Low risk of local and regional seismicity
Infrastructure
• Within the Utah Renewable Energy Corridor
• Adjacent to major highways, secondary roads, railroads, and airport
Access for scientists
• Resident and visiting scientists will have 24/7 access
• Supportive federal, state, and private landowners
• No high security or sensitive operations exist on the Milford site
Data
• Area has been subject of intense investigation and drilling by
scientists, students, and geothermal companies since mid 1970s

Milford FORGE Utah Site

Heat transfer & fluid flow networks in crystalline rock
High temperature tools for borehole and reservoir imaging
Seismic monitoring and induced seismicity
Stimulation & isolation technologies
In situ stress management & monitoring
Water-rock interaction
Numerical simulations of fracture development & fluid flow
Best practices for EGS development
Improved public awareness & confidence of geothermal technologies
Educational opportunities at all levels
Management & prediction of induced seismicity

The field laboratory comprises a large volume of hot (175-225°C)
crystalline granite between two deep directionally drilled wells at around
8000 feet depth below the surface. On site facilities include water,
power, offices, broadband internet, which will be required for drilling,
stimulation, and injection
-production activities.
The facility is managed by
a multi-disciplinary team of
engineers and scientists led
by the University of Utah,
with expertise in geosciences,
drilling, rock mechanics,
reservoir engineering,
environmental monitoring,
outreach and communications.

www.UtahFORGE.com
www.facebook.com/forgeutah
Outreach Program
The outreach program is responsible for maintaining and improving
the already strong community support from the residents, businesses
and government agencies that are based in and around Milford and in
Beaver County. Regular updates of activities, announcements, and
events are available on our website and social media.
Multiple videos highlighting the project were produced in collaboration
with the Governor’s Office of Energy Development.
The videos are available on our website.
Video 1 ‘Energy Success Stories: Discovering Utah's
Geothermal Potential’
Video 2 ‘FORGING' New Geothermal Technologies Part One’
Video 3 ‘FORGE: Exploring Utah's Potential for
Enhanced Geothermal Systems - Part Two’
Video 4: ‘Unearthing the Utah FORGE Site’s Data’
Video 5: ‘FORGEing into the Future’
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Dr. Joseph Moore
Managing PI, Research Professor
University of Utah
Phone: 801-585-6931
UtahFORGE@utah.edu

