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Following successful production testing of the world's first horizontal well enhanced geothermal
system in 2023, continued deployment and optimization of the technology across two commercial
projects has resulted in significant cost reductions and performance improvements. In this paper,
we present field results and updates from Fervo Energy's enhanced geothermal system projects in
Nevada and Utah.

The Project Red system, located in northern Nevada, was fully commissioned over the summer of
2023 and began sending power to the grid in October 2023. The initial production temperature of the
system came online at 341.7 °F, over 5 °F hotter than observed during the well testing phase several
months before final commissioning. As of September 2024, the system is producing at 346.8 °F,
confirming that no thermal decline has occurred over the first 6,200 hours of commercial operations.
The Project Cape site is located in southern Utah. The drilling campaign at Project Cape began
in June 2023 with a deep vertical appraisal well drilled to a depth of 9,824 ft at which a maximum
recorded temperature of 444 °F confirmed the presence of a high-quality geothermal resource. Fol-
lowing the initial appraisal well, a total of 15 horizontal wells have been drilled as of September 2024.
We have achieved successful drilling results while drilling at up to 434 °F along the lateral. We have
been able to demonstrate a 100% drilling success rate, as measured across various metrics including
predicted vs. measured bottomhole temperature, target vs. actual total depth, and target vs. actual
drilling cost.

A pad of three horizontal wells was stimulated successfully using a multistage, plug-and-perforate
method. A total of 80 treatment stages were completed across the three wells. All stages were
pumped at treating pressure below the rated design pressure and no screenouts occurred, giving a
100% completion success rate. In addition, 95% of the stages were completed with the designed
proppant loading volumes. A 30-day production test was performed at the three-well pad in July
and August 2024. The first production well at the Cape site achieved a peak output of over 12 MW
and a sustained output of 8-10 MW. Production temperatures increased throughout the 30-day test
with no indication of thermal decline. The maximum measured temperature of 383 °F meets the
design criteria for the Cape Station organic Rankine cycle power plant.

In a first for enhanced geothermal system development, we have drilled an 8-well pad that targets two
different formation benches, significantly increasing the power density and minimizing the surface
disturbance at the site. A heat in place analysis indicates that by using a multi-bench development
strategy at the Cape resource, the power capacity density is 9.1 MW per km?, 5-10 times larger than
previous estimates for EGS technology.

1 Introduction ins |2022). Horizontal drilling and multistage completions have

Geothermal energy has been identified as a critical resource for
meeting global decarbonization efforts due to its always-on, firm,
weather independent nature as well as its widespread availabil-
ity globally (Sepulveda et al. Ricks, Norbeck, and Jenk-

@ Fervo Energy, 910 Louisiana St., Ste. 4400, Houston, Texas, USA 77002

become the dominant methods for unconventional oil and gas
development, and these technologies are now poised to unlock
a paradigm shift in geothermal as well. Enhanced geother-
mal system (EGS) technology expands the resource potential be-
yond hydrothermal areas, significantly increasing the total size of
geothermal resources (DOE Augustine et al. [2022). In the
US alone, the Department of Energy estimates that over 100 GW
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Fig. 1 Site map of the Project Red site.

of EGS resources will be economically recoverable by 2050 (DOE
2019). Moreover, in contrast to other emerging clean energy tech-
nologies, EGS has the advantage of being able to leverage exist-
ing geothermal, oil, and gas supply chains and technology, and is
therefore able to be deployed at scale immediately. In their ca-
pacity expansion modeling, Ricks et al. (2024) found that if at
least 500 MW of EGS is installed by 2030, then the compound-
ing benefit of deployment-led learning curve cost reductions will
likely result in EGS out-competing other firm energy sources in
total installed capacity by 2050.

Fervo Energy has developed EGS projects across multiple
project sites in different states and in areas with different ge-
ologies. Here, we present recent field results and updates from
two projects (Norbeck, Latimer, and Gradl 2023} Fercho, Nor-
beck, and E. 2023} Fercho, Matson, and E. |2024). The Project
Red site is located in northern Nevada and is representative of
a near-field EGS site, as it is located at the margins of the Blue
Mountain geothermal field and is connected to an existing power
facility (see Fig.[I). Project Cape is located in southern Utah and
is classified as a greenfield EGS site, where there are no existing
geothermal facilities (see Fig.[2). Cape is located strategically ad-
jacent to the Utah FORGE site, a Department of Energy project to
test and validate EGS technology.

2 Project Red Results

Final commissioning of the Project Red system and tie-in with the
existing Blue Mountain power plant occurred in October 2023.
Geothermal fluid began flowing to the plant and the system be-
gan generating electricity on October 31, 2023. Since that time,
the system has been operated commercially for over 6,200 hours.
Successful commissioning of Project Red has confirmed that all of
the key technical challenges related to EGS development - includ-
ing drilling horizontal wells in high-temperature, hard rock for-
mations, stimulating the reservoir to enhance permeability, and
successfully creating a high-conductivity hydraulic connection be-
tween injection and production wells - have been retired. The pri-
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Fig. 3 Production temperature history of Production Well 34-22 at
Project Red. The Project Red system has been under active commercial
operations since October 31, 2023. Since coming online, the system has
not experienced any thermal decline and continues to meet performance
targets. The slight reduction in temperature in July 2024 is related to a
downtime event and is not indicative of reservoir thermal decline.

mary risk that remains is related to understanding the long-term
thermal longevity of the system.

As shown in Fig. [3} the Production Well 34-22 came online
initially producing fluid at approximately 341 °F. Prior to start-
ing production, the reservoir continued to heat up following the
drilling and completions process, as the initial production tem-
perature was over 5 °F hotter than the maximum flowing temper-
ature measured during the well testing phase 6 months earlier.
The well then continued to gradually heat up as expected due to
near-wellbore heating effects. A steady flowing temperature of
approximately 347 °F was ultimately achieved, and as of Septem-
ber 2024 the system has shown no evidence for thermal decline.

The lack of thermal decline is in-line with analytical and
numerical modeling forecasts for horizontal well EGS systems,
which are characterized by an initial flow regime with no thermal
decline. The strong thermal performance at Project Red indicates
that the subsurface formation that was created during the stimu-
lation process has sufficient heat transfer surface area to support
long-term thermal sustainability.



3 Project Cape Results

Project Cape builds upon the success and lessons learned from
Project Red, with significantly more ambitious drilling, comple-
tions, and production design targets. The development strategy
at Cape has been designed to create a step-change in project
economics over Red, and generally involves drilling to deeper
depths, targeting hotter reservoir temperatures, drilling longer
lateral lengths, and achieving higher flow rates. Here, we present
an overview of the drilling, completions, well testing, and reser-
voir characterization results from the initial phase of the develop-
ment campaign (El-Sadi et al.[2024).

3.1 Drilling Results

A typical cross-section of the Cape wellfield is shown in Fig. 4
The wellfield design at Cape is driven predominantly by two fac-
tors: 1) we are targeting the Granitic Basement formation for de-
velopment to leverage the high level of derisking that has already
been achieved through previous work at the Utah FORGE project,
and 2) we are targeting producing geothermal fluid at 390 °F to
achieve optimal power conversion efficiency with modern organic
Rankine cycle (ORC) geothermal power plant technology. These
design constraints require targeting formation depths of approxi-
mately 8,000 ft to 9,000 ft true vertical depth.

The first well drilled at Cape was Delano 1-OB, designed as
a vertical observation well. The purpose of this well was to
confirm the temperature gradient at the greenfield site, confirm
the lithologic structure of the subsurface, and to host permanent
and temporary data acquisition equipment. The well was drilled
successfully to a depth of 9,824 ft. Permanent distributed fiber
optic sensing equipment was installed behind the casing. Both
distributed acoustic sensing (DAS) and distributed temperature
sensing (DTS) fibers were installed to enable real-time tempera-
ture and seismic monitoring. In addition, a permanent downhole
pressure and temperature gauge was installed behind casing at a
depth of 8,365 ft. Using the DTS cable, the maximum recorded
temperature was measured as 444 °F, confirming a high-quality
EGS resource. The temperature gauge provided secondary confir-
mation of the formation temperature.

The geologic and temperature data from Delano 1-OB was used
to finalize the design of the first three horizontal wells at Cape.
These wells were drilled from a single pad called Frisco and
formed a triplet system, with a central production well offset by
two injection wells. The wells were designed with lateral lengths
of approximately 4,700 ft and targeted an average temperature of
395 °F. In comparison to Red, the laterals are over 1,700 ft longer
and the maximum formation temperature is over 50 °F higher.

Since the drilling campaign began in June 2023, we have
drilled 14 horizontal wells at Cape. The drilling performance has
continued to improve throughout the campaign. Compared to
Red, where the two horizontal wells were drilled in 71 and 58
days, respectively, the first horizontal well at Cape was drilled
in 35 days. Successful implementation of drill bit optimization,
drilling fluids optimization, and well construction design opti-
mization, more recent wells have been drilled in under 20 days.

The reduction in drilling days along with other supply chain
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Fig. 4 Cross-section view of the Project Cape resource. The red dashed
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Fig. 5 Comparison of the cumulative authorization for expenditures
(AFE) and the actual drilling costs for the horizontal drilling program
at Cape. The project has exhibited 100% drilling success rate based on
the metric of budget vs. actual drilling costs.

and engineering improvements have resulted in significant well-
over-well drilling cost reductions. In Fig. |5, we show a compari-
son of the budgeted drilling costs (called authorization for expen-
diture or AFE) to the actual incurred costs over the first 14 hori-
zontal wells at Cape. The drilling costs have come in significantly
under budget across this initial drilling campaign. In addition, the
measured temperatures have met or exceeded the predicted tem-
peratures (see Fig.[6). Based on both of these economic and tech-
nical metrics, the Cape drilling campaign has achieved a 100%
drilling success rate.

3.2 Stimulation Results

The first batch of completions at Cape commenced once the
drilling rig was fully moved off the well pad. The initial com-
pletions batch consisted of 80 individual stages in the cased and
cemented horizontal sections of 3 wells.

The completion design at Cape is built upon the highly success-
ful stimulation design at Red. Leveraging the extensive subsur-
face data sets across both the Fervo and Utah FORGE sites and
incorporating many lessons from project Red, Cape’s completion
design was optimized for highest project returns. The most signif-
icant changes in well completion design from Red to Cape were
the increase in average stimulated lateral length from 3,000 ft at
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Fig. 6 Comparison of predicted temperature profiles prior to drilling
to actual measured temperature profiles for the first five wells drilled at
Cape. Each of the wells met or exceeded the target maximum bottomhole
temperature, demonstrating minimal geologic risk.

Red to 4,700 ft at Cape and a higher intensity stimulation design
when measured in gal/ft of stimulation fluid and 1bs/ft of prop-
pant loading.

Zonal isolation was achieved through a combination of the ex-
ternal cement sheath of the 7” casing and sequentially installed
internal stimulation plugs. A combination of composite stimu-
lation plugs with an aluminum mandrel and a newly developed
fully composite stimulation plug were utilized. The fully compos-
ite stimulation plug exhibited improved drillabillity, resulting in
a drill-out time improvement of approximately 50% compared to
plugs with a higher metal content.

Out of 80 stages, only one stage exhibited signs of a potential
plug leak during the stimulation treatment. This excellent relia-
bility, despite maximum formation temperatures that were 50 °F
higher than at project Red, again confirms the suitability of com-
posite plugs as a zonal isolation device in EGS wells.

All 3 wells at Cape were stimulated from the same well pad,
allowing for significantly improved operational efficiencies com-
pared to traditional geothermal developments. Fervo also intro-
duced zipper operations to geothermal stimulation, where se-
quential stages pumped alternate between wells. This has con-
tributed to significant operational efficiency improvements and
reduction in non-productive time in unconventional oil and gas
completions.

All stages were successfully initiated and propagated with no
screenouts. On 3 stages out of 80, a combination of treatment
pressure characteristics and operations considerations resulted in
less than the the planned proppant volume being placed in the
formation[7] Average treatment pressures for 80% of stages was
between 7000 psi and 9000 psi (see Fig.[8). In general, treatment
pressures were highly predictable and in line with anticipated val-
ues. Based upon screenout rate, achieved proppant loading, and
treating pressures, we have achieved a stimulation success rate of
95 to 100%.
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3.3 Production Well Test Results

Following successful completions operations on the Frisco well
pad, we conducted a 30-day well test to evaluate the performance
of the triplet well system. The well test operations consisted of in-
jecting simultaneously into both injection wells while producing
fluid from the production well. The wellhead operating condi-
tions were set to mimic the design point operating conditions of
the Cape Station power plant facility. Injection pressures were
maintained between 2000 to 2300 psi and the production well-
head pressure was maintained at 300 to 350 psi. Throughout the
entire test the production well sustained self-flowing conditions
without the need for artificial lift.

The operating conditions of the production well were mea-
sured upstream of the flow control valve that was used to main-
tain backpressure on the system, therefore temperature, pres-
sure, and flow rate were measured under single-phase conditions.
These measurements provided all information necessary to di-
rectly measure the thermal energy output of the well as well as to
estimate the electric power capacity of the system.

The initial production rate on Frisco 2-P was 120 kg/s, which
is indicative of what the well is capable of producing (see Fig.[9).
Initial transient effects resulted in the well leveling out at approx-
imately 93 kg/s after the first day of production. Using a brine
effectiveness of 94 kWe per kg/s, the electric power output is esti-
mated at 12.0 MWe while flowing at 120 kg/s and 9.5 MWe while
flowing at 93 kg/s (see Fig.[10). The initial production fluid tem-
perature was 369 °F. Production temperature increased through-
out the well test, showing no evidence for thermal decline. The
maximum production fluid temperature measured during the well
test was 382.9 °F, which is well within the operating range for the
Cape Station power plant design (see Fig.[TT)). Similar to the be-
havior observed at Red, the production temperature is expected
to increase in subsequent testing and commissioning.

The 30-day well test on the Frisco well pad has provided valu-
able insights into the operational performance and potential of
the triplet well system. The successful management of injection
pressures and the self-sustaining flow of the production well un-
derscore the system’s robust design. The ability to maintain sta-
ble production rates, accompanied by increasing fluid tempera-
tures, indicates a strong likelihood of sustained thermal efficiency,
which is crucial for the projected energy output. The first phase of
production testing at Cape has confirmed the resource potential
at the site as well as the technical viability of the EGS design at
the site. As the testing phase progresses, the anticipation of fur-
ther temperature increases suggests that the well’s performance
could exceed initial expectations.

3.4 Heat in Place for a Multibench EGS System

Similar to oil and gas resource characterization and reserves esti-
mation, evaluating the potential of geothermal leases requires an
integrated assessment of resource quality, geologic uncertainty,
recovery mechanism, reservoir management strategy, drilling
costs, and market conditions. Our resource classification ap-
proach mirrors the reserves estimation techniques and standard
practices established for the oil and gas industry by the Society
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Fig. 12 Production data observed during a cycle in which the Cape
system was operated in a flexible, dispatchable mode.

of Petroleum Engineers (Ross [2001), modified where necessary
following geothermal reservoir engineering methodologies estab-
lished by National Renewable Energy Laboratory, US Geological
Survey, and geothermal industry best practices (Augustine |2016;
Grant and Bixley|2011; Williams et al. 2008]).

The overall resource evaluation methodology involves estimat-
ing the total heat initially in place at commercially recoverable
temperature and depth conditions, applying a thermal recovery
factor, and then converting thermal energy production to electric
power assuming a geothermal power plant efficiency factor. Key
steps in the process include offset well review, resource-specific
geologic modeling, and physics based reservoir simulation pro-
duction forecasts. An integrated Monte Carlo method is applied
throughout each phase of the analysis in order to incorporate key
uncertainties and risk factors appropriately.

For each prospect, we first perform a rigorous offset well re-
view, literature review, and gather key geologic and/or geophys-
ical datasets that pertain to the resource, such as seismic and
gravity surveys. We construct a three-dimensional geologic model
that is constrained with available offset well data and geophysical
data. The geologic model is populated with key geologic proper-
ties such as lithology, temperature, heat capacity, fluid saturation,
and rock density. In areas where deep well data is sparse, we use
geostatistical methods to extrapolate key properties.

For the purposes of reserves estimation, the most influential
property in the geologic model is the distribution of reservoir
temperature. We compiled a proprietary database of deep wells
(including both oil and gas and geothermal wells) with conduc-
tive temperature gradients and calculated an empirical distribu-
tion of geothermal gradients throughout the Basin and Range
province. Wells located in hydrothermal upflow or outflow zones
with anomalously high temperature gradients in the basin fill
were removed from the analysis so as not to overestimate tem-
peratures at depth.

We generate a set of realizations of the geologic model, where
each model is tied to the deep well temperature measurements
where they exist. In areas further from well control, the temper-
ature at each point in the model is calculated using the depth to
basement contact and the respective thermal gradients. Each ge-

6]

ologic model realization represents the result of a random draw
from the empirical distribution of thermal gradients. In this way,
we are able to build an empirical cumulative distribution function
of the resource volume that meets the criteria for reserves. These
volumes are used to calculate the heat initially in place for each
resource.

Heat in place is defined as:
Hior =V prer (Tr - ij) ) (€]

where V is the total reservoir volume, p, is the density of the
rock, ¢, is the heat capacity of the rock and (7, — T;,;) is the tem-
perature difference between the reservoir temperature and the
reinjection temperature of the fluid after going through the plant.
This represents the useful energy originally in place and repre-
sents the maximum amount of thermal energy that can be recov-
ered for energy production.

The electric power capacity of the resource can then be esti-
mated as (Grant and Bixley | 2011)):

p— NrHor ’
At

2

where eta is the thermal-to-electric power conversion efficiency
of the power plant, r is the thermal recovery factor, and Az is the
total project life. This represents the gross electric power capacity
of a resource. This represents the average electric power capacity
that can be sustained over a projects life.

At Project Cape, we have designed a multibench development
campaign, where thermal energy is recovered from several dis-
crete benches of the Granitic Basement formation (see Fig. .
The Granitic Basement has a large thickness that presents a rela-
tively uniform play concept in which temperature only increases
with depth. This has resulted in significantly increasing the tech-
nically proven resource potential at the site. Normalizing Eq.[2]by
the volume V gives the power density of a resource.

Previous department of Energy estimates for power density for
EGS technology - assuming a target temperature ranging from
175 to 300 °C - have ranged from 0.7 to 0.9 MWe per km? (Augus-
tine|2016; Williams et al.[2008). Assuming a project life of Ar =30
years and a conservative thermal recovery factor of r = 0.2, apply-
ing Egs. || and |2| to the Cape reservoir, we have determined that
the power density of the resource is 8.4 MWe per km?, demon-
strating the massive upside potential that is unlocked from the
multibench development strategy.

4 Concluding Remarks

The results from the Project Red and Project Cape enhanced
geothermal system (EGS) projects underscore the transformative
potential of applying advanced oil and gas technologies, such
as horizontal drilling and multistage completions, to geothermal
energy. At Project Red, the consistent production temperatures
observed over the first year of commercial operations validate
the long-term viability of horizontal well EGS designs. Similarly,
Project Cape has demonstrated the feasibility of drilling and com-
pleting horizontal wells in high-temperature geothermal environ-
ments, achieving significant cost reductions and operational effi-
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ciencies. The success of the multistage stimulation and the un-
precedented power density achieved through the multi-bench de-
velopment strategy highlight the potential for these technologies
to drastically improve the economics of geothermal energy while
minimizing the environmental footprint of EGS technology.

The ability to achieve and maintain high production tempera-
tures without thermal decline, as demonstrated in both projects,
is a significant milestone for the geothermal industry. Further-
more, the success of the first multi-bench development indicates
that future EGS projects could achieve even greater power out-
puts from smaller surface footprints. These advancements not
only enhance the commercial viability of EGS but also position
geothermal energy as a key player in the global transition to
clean, reliable, and sustainable energy sources.

Overall, the findings from these projects suggest that the inte-
gration of oil and gas technologies into geothermal development
could catalyze a new era for the industry, with the potential to
unlock vast, untapped geothermal resources both in the United
States and globally. Continued innovation and learning from on-
going and future projects will be crucial in refining these meth-
ods and expanding their application, ultimately contributing to a
more sustainable and resilient energy future.
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