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ABSTRACT 

Fervo Energy has completed the drilling of additional deep horizontal geothermal enhanced geothermal system (EGS) wells at Project 

Cape, following the completion of the first deep geothermal wells at the Frisco pad that was reported in 2023.  The new wells were drilled 

north of Fervo’s Frisco Pad and west of the DOE’s FORGE project in Milford Valley on two new pads called the Gold Pad and Bearskin 

Pad.  Fervo has more than doubled the footage drilled every year since 2021, with over 200,000 feet of new wells drilled in 2024.  New 

datasets collected through Fervo drilling have substantially increased knowledge of the geology, temperature, state of stress, and natural 

fracturing in Milford Valley, updating our 3D basin models with an unprecedented amount of well data and showing remarkably consistent 

geology, temperatures, and stress conditions throughout the development area.  Temperature and depth to the granitic basement reservoir 

measured in the new northern wells have validated our pre-drill basin-scale models and demonstrate a high degree of predictability within 

the basin.  Image logs from the wellfield confirm a consistent maximum horizontal stress orientation (SHmax) of NNE-SSW, which 

contrasts with a dominant natural fracture orientation of NNW-SSE.  Stimulation of the first series of laterals on the Frisco pad have 

demonstrated consistent fracture growth with precise MEQ orientations measured in well DAS fiber and surface array seismometers.  The 

application of EGS type curve theory using completions engineering design demonstrates that energy production and thermal decline can 

be effectively forecasted in horizontal well EGS systems. Horizontal well EGS designs with high-intensity fracture stimulation treatments 

can achieve thermal recovery factors above 50% while maintaining economically viable flowing production temperatures over the life of 

a project. The combination of high recovery factors and multibench development strategies suggest that EGS projects can achieve gross 

power densities on the order of 75+ MW per square mile per bench (on a gross power basis), significantly increasing the total EGS 

resource potential beyond previous estimates. 

1. INTRODUCTION  

This paper describes advances in the geologic, thermal, and structural modeling conducted for Project Cape in the Milford Basin, Utah 

with datasets collected from the drilling, logging, and stimulation of numerous new wells at the project. The 3D geologic model first 

described in Fercho et al., 2024 has been progressively refined through ongoing drilling and logging efforts, allowing for a better 

understanding of Milford Basin's stratigraphy and thermal regime. This paper also discusses the unique variability of tuffaceous units 

encountered in the vertical well sections during drilling, which have been tracked through the field with unprecedented detail for a Basin 

and Range setting.  A key component of Fervo’s work at Project Cape is the development of a temperature model that integrates data from 

many wells, including those from Fervo, FORGE, Blundell, and historical exploration efforts. The temperature model, constructed using 

controlled 3D interpolation techniques, provides highly accurate temperature predictions across the field, which have been validated 

through log data from drilled wells. This paper further investigates the stress field, natural fracture orientations, and hydraulicly stimulated 

fractures at Cape, which indicate that hydraulic fractures are primarily activating pre-existing natural fractures, a finding that may 

influence the planning of future enhanced geothermal systems (EGS) in hard rock settings. By leveraging both geological and temperature 

data, the study offers valuable insights into the behavior of geothermal reservoirs and the optimization of drilling and stimulation strategies.  

Finally, this paper uses the application of well-established EGS type curve theory using modern completions engineering design 

parameters (e.g., lateral length, perforation cluster spacing, stimulated reservoir volume geometry, etc.) to show energy production and 

thermal decline can be effectively forecasted in horizontal well EGS systems. 
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2. UPDATE ON THE GEOLOGY AND TEMPERATURE OF CAPE  

2.1 Geologic Model 

To understand the subsurface and aid targeting of Fervo’s wells at Project Cape, Fervo created a 3D geologic model (Fercho et al., 2024).  

The 3D model was informed by interpretation of lithologies from all available well logs as well as gravity profiles from a high-resolution 

gravity survey collected by Fervo.  The initial 3D geologic model created by Fervo was used to predict the expected depths of major 

formations in the Frisco, Gold, and Bearskin lateral wells to estimate casing set points and drilling conditions, and ensure that the wells 

were targeted with low fault likelihood.  Upon drilling and logging each new well, the geologic model was progressively refined and 

accuracy was improved. 

From youngest to oldest, the overall stratigraphic framework of the Cape model consists of Miocene to present day basin-fill deposits, 

Quaternary to late Miocene volcanics and volcaniclastic sediments, and granitic basement comprised of Oligocene and Miocene plutons 

ranging in composition from granite, granodiorite, diorite, to monzonite, as well as large blocks of Precambrian gneiss (Simmons et al., 

2019).  The basin-fill deposits contain a distinct smectite clay layer likely caused by ancient lake deposits that were identified through 

Fervo drilling and mapped distally through correlation with a distinct magnetotelluric conductive zone (Fercho et al., 2024).  The contact 

between the basin-fill and granitoid dips 25°-35° to the west (Figure 2). Quaternary faults have been mapped in the region, including the 

NNE-striking E-dipping Opal Mound fault which controls the Roosevelt Hot Springs hydrothermal system, and the Mineral Mountains 

West Fault System of N-striking fault scarps terminate in the southern portion of the field (Kirby et al., 2018) (Figure 1).  No faults 

mapped at surface are known to contact Fervo’s Cape development area, which is situated in low-permeability granitic plutons at reservoir 

depth. 

Within the Cape development area, the granitic basement deepens from east to west, but it is relatively flat from south to north (Figure 3) 

since the Milford basin itself trends south-north.  This basement geometry has allowed the targeting of a rack of horizontal wells along 

the basin that have very consistent shallow clay contacts and granitic basement contacts, allowing the standardization of well design, bit 

selection, and overall reduction of subsurface risk for the development (El Sadi et al., 2024).  Within the south-north section, there is a 

very gradual deepening of the granitic basement contact by around 700 feet over a mile of horizontal distance, which is matched by a 

deepening of the 347°F (175°C) and 392°F (200°C) temperature contours, leading to a gradual deepening in the designed well depths as 

the development moves northwards. 

While the granitic, >175°C reservoir formation is highly consistent and predictable across the field, the intermediate vertical portions of 

the wells have encountered remarkable variations in the thickness of tuffaceous units within the alluvial fill.  Within the Frisco wells, two 

distinct and thin welded tuff units were encountered, with the first averaging 60 ft thick starting at ~2600 ft and the second deeper unit 

averaging 150 ft thick and starting at ~4300 ft (Figure 3).  As the Bearskin pad was drilled, the shallow welded tuff was not encountered 

but the deeper welded tuff was at depth consistent with the Frisco wells, with a thickness of 200-500 ft thickening towards the south.  With 

the subsequent drilling of the Gold wells a similar outcome was expected because these wells were drilled between the Frisco and Bearskin 

wells; however, instead a surprisingly thick (2,300 ft) interval of welded tuffs from 1900-4200 ft was encountered.  Such variability of 

volcanics and alluvial fill in the Basin and Range is perhaps not uncommon; however, rarely have so many wells drilled on such a regular 

spacing to allow variability to be mapped at this level of detail (Figure 3).  Since no significant faulting has been encountered at the surface 

or subsurface between these thickness changes, a leading theory is that the tuffs were deposited within a deep paleo-canyon or drainage 

during Miocene eruptive events.  The present day location of the Mag Wash (Figure 1) supports the idea that there has been a drainage 

near this location throughout the development of the basin, and can be seen coming out of large a canyon in the Mineral Mountains and 

continuing through the surficial sediments as a topographic wash which opens up near the Gold wells.  While the variability of tuffaceous 

units within the vertical portions of the Fervo wells has been recorded with an unprecedented amount of detail and is geologically notable, 

these tuffs have had little to no effect on the performance of the drilling program because they do not present drilling hazards and are 

positioned behind intermediate unperforated casing. 
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Figure 1: Map showing Fervo’s completed and planned wells at the Frisco/Gold/Bearskin pads, other wells, and surface mapped 

faults in the Milford Valley, UT. Fault surface traces from Kirby et al. (2018).  

 

 

Figure 2: West-east cross section (looking north) showing the lateral wells drilled by Fervo, as wells as wells from FORGE and 

Blundell, shown with major formation types and measured temperatures (Fercho et al., 2024).  Acord-1 lies around 1.5 miles 

north of section. 
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Figure 3: North-south cross section (looking west) showing the lateral wells drilled by Fervo to date, along with major formation 

types and measured temperatures.  Wells with equilibrated temperature logs are labeled with the T symbol. 

2.2 Temperature Model 

The Cape 3D temperature model uses temperature data from existing Fervo, FORGE, Blundell, and historic exploration wells in the 

Milford basin combined with statistically derived temperature gradients in areas lacking well data (Fercho et al, 2024).  3D interpolation 

of the measured and statistically controlled temperature data was then completed using a Radial Basis Function (RBF) using Leapfrog 

Energy software. The resulting model shows that the shallowest, highest temperatures lie at the eastern edge of the basin, where the 

Blundell conventional hydrothermal system brings hot fluids near surface through convection within deeply connected normal faults 

(Figure 2).  Farther west, at the FORGE and Fervo Cape wells, temperatures are lower but still elevated within the un-faulted basin due 

to lateral conduction from the Blundell hydrothermal system, low crustal thickness from Basin and Range extension, and thermal 

insulation from the 5,000-7,000 ft (1.5-2.1 km) thick cover of insulating basin-fill sediments and volcanics.  At the most westward extent 

of the model, the historic Acord-1 well provides measured temperature control for the deepest point of the basin, anchoring 347°F (175°C) 

at 9055 ft (2.76 km). 
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After drilling out the Frisco pad, Fervo temperature logged all Frisco wells through their vertical sections and partly through the directional 

build curve of each well after 2-4 months of heat up.  The logged temperature profiles for all four Frisco wells were very close to what 

was predicted by Fervo’s 3D temperature model, measuring 2-10°F hotter than predicted at depth.  These temperature logs were then 

incorporated into the temperature model, improving its accuracy (Fercho et al., 2024).  Bearskin 1-IA was the first new lateral well to be 

drilled by Fervo after the Frisco Pad and lies approximately one mile north of the Frisco wells.  Based on Frisco-updated 3D temperature 

model, Bearskin 1-IA was predicted to reach 369°F (187°C) at 8,500 ft.  After approximately 1 month of heat-up, a temperature log was 

run in Bearskin 1-IA and measured 362°F (183°C) at 8500 ft, followed by a survey after 7 months of heat-up which measured 365°F 

(185°C) at 8,500 ft, just 4 degrees under the model prediction (Figure 4).  The Bearskin 1-IA temperature results were then iterated back 

into the 3D temperature model to again improve the model accuracy, which allowed for precise temperature prediction and targeting of 

the wells that were subsequently drilled in the mile of horizontal space between Frisco-4T and Bearskin 1-IA.  Bearskin 6-IB, Bearskin 

8-IA, and Gold 4-PB were later drilled and logged, and had temperatures measured within 1 degree of predictions. Figure 3 shows the 

measured temperatures contoured across Fervo’s current Cape wells in a south–north profile using data from the 8 wells that are now 

logged, which indicate a stable conductive temperature regime that is nearly flat, with just a slight cooling trend towards the north.  With 

such tight temperature controls across the field, temperature uncertainty has been eliminated from Fervo’s three pad (Frisco-Gold-

Bearskin) development phase of Cape drilling. 

 

 

Figure 4: Predicted vs. actual temperature logs for Frisco 3-I (left) and Bearskin 1-IA (right).  Frisco 3-I and Bearskin 1-IA are 

the southernmost and northernmost wells in the Cape Phase 1 development. 

 

3. STRESS FIELD, NATURAL FRACTURING, AND HYDRAULICALLY INDUCED FRACTURES 

Orientations of drilling induced fractures (DIFs) measured from images logs in the vertical portions of wells across Cape and FORGE 

areas consistently indicate and a maximum horizontal stress (SHmax) orientation of NNE (Figure 5).  The DIFs measured in FORGE 58-

32 and 78B-32 indicate an SHmax azimuth of ~35°, and in FORGE 16A-32 SHmax is ~15° (Simmons et al., 2019).  In the Fervo Delano 

1-OB image log, DIFs are tightly aligned to 10° SHmax.  At the Frisco pad, image logs were collected in Frisco 1-I, 2-P, and 4-T, and 

DIFs measured in the vertical sections of those wells average ~15° SHmax.  The combination of this Fervo DIF data with the FORGE 

data indicates a very consistent SHmax of NNE 10°-15° across the field, except for FORGE 58-32 and 78B-32 which have a clockwise 

rotation to more NE (Figure 5) which is likely more influenced by those wells’ closer proximity to more complex range front-faulting. 

In contrast to the drilling induced fractures, Figure 6 shows orientations of natural fractures identified from images logs across Cape and 

FORGE areas, colored by orientation into fracture sets.  The dominant natural fracture set (Fracture Set 1) observed at Cape strikes NNW 

with azimuth ranging from 335°-345°, which is 25°-35° rotated counterclockwise from SHmax.  The next most prominent fracture set 

(Fracture Set 3) is more closely aligned to SHmax with a strike of NNE, and may represent more a recent episode of fracturing.  The 

contrast between the currently measured SHmax orientation of NNW and the dominant natural fracture set orientation of NNE may be 

indicative of older generations of fracturing in the basin, when the granitic blocks and/or the local stress were rotated during basin and 

range extension. 

Prior to Fervo’s planned stimulation program, it was unknown whether the orientation of the extensive pre-existing natural fracture fabric 

would influence the orientation of the hydraulically stimulated fractures, or if the stimulated fractures would follow the current stress field 
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(SHmax) orientation which is the more typically expected outcome in artificial hydraulic stimulation.  To track fracture growth during 

stimulation, microseismic events from distributed acoustic sensing (DAS) fiber data installed in Fervo and FORGE wells were acquired 

during the stimulation of Frisco 1-I, 2-P, and 3-I.   A 3D velocity model was constructed using all available sonic logs from Utah FORGE 

wells and Fervo wells, including Delano 1-OB and Frisco 1-I. The velocity model additionally incorporated the top of the basement from 

3D seismic and gravity data (Dadi et al., 2024).   Linear trends from the microseismic clearly indicate the stimulated fractures are 

dominantly activating the existing NNW striking natural fracture fabric shown in (Figure 6), rather than aligning to SHmax.  This finding 

indicates that proper understanding of the preexisting fracture networks is important to planning EGS stimulation in hard-rock settings 

such as the granite at Cape.  Granitic rocks in setting such as this have not previously been stimulated with multi-stage hydraulic fracture 

at the scale, and stimulated fracture alignment to the natural fracture fabric may be the norm for these types of hard-rock formations.  This 

provides an important dataset for comparison as more of these hard rock settings are stimulated in the future. 

 

 

Figure 5: Orientations of drilling induced fractures (DIFs) measured from images logs in the vertical portions of wells across Cape 

and FORGE areas.  DIFs in the Milford basin consistently indicate and SHmax orientation of NNE-SSW. 
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Figure 6: Orientations of natural fractures identified from images logs across Cape and FORGE areas, colored by orientation 

into fracture sets.  The dominant natural fracture set (Fracture set 1) strikes NNW-SSE, which is 30°-50° rotated from SHmax.  

The next most prominent fracture set (Fracture set 3) is aligned to SHmax with a strike of NNE-SSW. 

 

 

Figure 7: Microseismic cloud from DAS fiber data acquired during the stimulation of Frisco 1-I, 2-P, and 3-I (Dadi et al., 2024).  

Map on left and W-E section on right  Linear trends from the microseismic indicate stimulated fractures are activating the existing 

NNW oriented natural fracture fabric shown in (Figure 6), rather than aligning to the NNE oriented SHmax.  Red circle indicates 

an example of a NNW-oriented MEQ trend. 
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4. TYPE CURVES, RECOVERY FACTORS, AND POWER DENSITY FOR ENHANCED GEOTHERMAL SYSTEMS 

The concept for designing a geothermal system by connecting injection and production well pairs with a series of parallel fractures was 

first introduced in the 1970s (Gringarten et al., 1975; Brown et al., 2012). Splitting flow rates across multiple flow paths and contacting 

higher rock surface area for heat conduction can have a dramatic improvement in system performance. Modern horizontal drilling 

technology and multistage hydraulic stimulation treatment designs have recently been leveraged to validate the efficacy of this enhanced 

geothermal system design in several commercial-scale projects (Norbeck and Latimer, 2023; Norbeck et al., 2024). In this white paper, 

we outline the application of well-established EGS type curve theory using modern completions engineering design parameters (e.g., 

lateral length, perforation cluster spacing, stimulated reservoir volume geometry, etc.). We demonstrate that this type curve theory can be 

used effectively to forecast energy production and thermal decline in horizontal well EGS systems. 

4.1 Gringarten Type Curves for a Modern Horizontal Well EGS Design 

Gringarten et al. (1975) developed geothermal type curves that can be used to predict production fluid temperature over the life of a well 

system. The system geometry assumed an injection well and production well that are connected by a set of evenly spaced fractures 

that intersect the wellbores perpendicular to the wellbore trajectory. Each of the fractures has a rectangular geometry (i.e., a fixed 

length and height) and a constant and uniform conductivity. The matrix rock surrounding the fractures is assumed to be 

impermeable and therefore heat transfer in the matrix rock is by conduction only. As fluid flows through the fracture, heat is 

transferred to the fluid via the fluid-rock interface along the surface area of the fractures. 

Dimensionless temperature of the produced water is defined as:  

 𝑇𝑤𝐷 =
𝑇𝑟0 − 𝑇𝑤𝑝

𝑇𝑟0 − 𝑇𝑤𝑖
 (1) 

 

where 𝑇𝑟0 is the initial reservoir temperature, 𝑇𝑤𝑝 is the produced water temperature, and 𝑇𝑤𝑖 is the injection water temperature. 

Dimensionless time is defined as: 

 𝑡𝐷 = 𝐶1 (
𝑄

𝐿
)

2

𝑡′ (2) 

where 𝐶1 = (𝜌𝑤𝑐𝑤)2/(𝐾𝑟𝜌𝑟𝑐𝑟) is a group of rock and water properties, 𝑄 = 𝑞/(𝑁𝐻) is the volumetric flow rate (𝑞) normalized by the 

number of fractures (𝑁) and the height of the stimulated reservoir volume (𝐻), and 𝐿 is the length of the flow path between the injector 

and producer wells (typically taken as the offset well spacing). Time is adjusted to account for the average residence time of the water 

moving through the system as 𝑡′ = 𝑡 − 𝐿/𝑣, where 𝑣 is the interstitial fluid velocity. For most practical problems in which we are 

interested in the long-term thermal behavior of the system 𝑡 ≫ 𝐿/𝑣 and therefore 𝑡′ ≈ 𝑡. 

 

The dimensionless fracture half-spacing is defined as: 

 𝑥𝑒𝐷 = 𝐶2 (
𝑄

𝐿
) 𝑥𝑒 (3) 

where 𝐶 2 = (𝜌𝑤𝑐𝑤)/𝐾𝑟 is a different group of water and rock properties and 𝑥𝑒 is the fracture half-spacing. For a horizontal well EGS 

system designed with a lateral length 𝑋lat and a total of 𝑁 fracture flow paths, the fracture half spacing is 𝑥𝑒 = 𝑋lat/(2𝑁). The total 

effective fracture surface area is then 𝐴 = 𝑁𝐻𝐿. The dimensionless properties can then be redefined based on the volumetric flow rate 
and total fracture surface area as: 

 𝑡𝐷 = 𝐶1 (
𝑞

𝐴
)

2

𝑡 (4) 

 

and 

 𝑥𝑒𝐷 = 𝐶2 (
𝑞

𝐴
) (

𝑋lat

2𝑁
) (5) 

 

The thermal recovery factor is defined as: 

 𝑅 =
𝐻𝑝𝑤

𝐻𝑟0
=

1

2𝑥𝑒𝐷
∫ [1 − 𝑇𝑤𝐷(𝑡𝐷)]𝑑𝑡𝐷

𝑡𝐷

0

 (6) 

or 

 𝑅 =
𝐻𝑝𝑤

𝐻𝑟0
=

𝜌𝑤𝑐𝑤𝑞

2𝜌𝑟𝑐𝑟𝐴𝑥𝑒
∫ [1 −

𝑇𝑟0 − 𝑇𝑝𝑤(𝑡)

𝑇𝑟𝑜 − 𝑇𝑤𝑖
] 𝑑𝑡

𝑡

0

 (7) 

 

The solution for 𝑇𝑤𝐷 can be obtained using the Laplace transform technique. We use a numerical inversion method to invert the 
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Laplace transform (Cohen, 2007). Once the solution for 𝑇𝑤𝐷 is obtained, then 𝑅 can be calculated using numerical integration 

techniques.  

4.2 Reservoir Performance for Horizontal Well EGS Designs 

It is clear from Eqs. 4 – 7 that the thermal longevity and efficiency of the thermal recovery process are strongly controlled by the 

geometry of the horizontal wells and the stimulated reservoir volumue. The most critical factors can either be specified as part of 

the reservoir engineering design (such as lateral length, offset well spacing, and number of fractures  initiated along the lateral) or 

heavily influenced by stimulation treatment design (such as the size, geometry, and conductivity of the fractures created during the 

stimulation). In addition, through temperature logging and production testing, we have demonstrated an ability to design wells that 

are capable of delivering a target production fluid temperature with a high degree of accuracy (see Fig. 4; see Norbeck and Latimer, 

2024). This ability to control the key factors that dictate the reservoir performance helps to set constraints on the range of expected 

production results, dramatically reducing the development risk for EGS projects.  

The total effective fracture surface area is the most important reservoir property controlling the thermal performance of an EGS 

system, as Eq. (4) indicates that the time to reach a given level of thermal decline scales inversely with the square of the fracture 

surface area (Kennedy et al., 2021). The dimensionless fracture spacing is also influenced both by the total effective surface area 

as well as the number of effective flowing fractures. The effective fracture surface area and the number of effective flowing 

pathways are related, but processes such as proppant distribution, fracture initiation effectiveness, and interactions with n atural 

fractures tend to introduce uncertainty when attempting to apply the Gringarten model to field data. Methods to constrain these 

parameters include running spinner logs of in-well fiber optic acoustic sensing to evaluate flow distribution, using microseismic 

monitoring or offset well fiber optic strain sensing to monitor stimulated reservoir volume geometry, or using pressure transient 

analysis to evaluate hydraulic properties of the reservoir. 

Numerical models are helpful in forecasting complex behavior and physical processes that are not captured fully in the Gringarten 

semi-analytical model.  We developed a numerical reservoir model for a hypothetical EGS system similar to the Cape field design. 

The reservoir model inputs were calibrated using field data described in Sections 2 and 3 as well as data collected from the Utah 

FORGE site (Simmons et al., 2019). The flow rate in the model was approximately 100 kg/s per production well. Production was 

forecasted for a 30-year period.  

In Figure 8, we show the production temperature forecast for the EGS system. The production forecast resulted in temperature 

declining from 220 °C down to 180 °C over a 30-year period, indicating a manageable and economic level of thermal decline for this EGS 

design. The results of the simulation indicated that this system achieves a thermal recovery factor of 59% (as a fraction of the heat initially 

in place within the stimulated reservoir volume) at the end of the 30-year project life. These simulation results demonstrate that this EGS 

design is capable of producing fluid at temperature levels that remain efficient for power conversion over the full life of the project while 

also achieving high thermal recovery factors. 

 

Figure 8: An example production temperature forecast for a Fervo EGS doublet well system. The production temperature 

decline curve is the result of a numerical reservoir simulation. The production forecast resulted in temperature declining from 

220 °C down to 180 °C over a 30-year period, indicating a manageable and economic level of thermal decline for this EGS 

design. 
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Using the results of the numerical simulation, we are able to compare the reservoir behavior against that expected from the Gringarten 

type curve theory. We assumed a total fracture surface area of approximately 30 million ft2 per production well in order to calculate 

dimensionless time for this system, which is consistent with field estimates of surface area based on microseismic, offset well fiber optic 

strain sensing, and pressure transient analysis. In Figures 9 and 10, we plot the dimensionless temperature and thermal recovery factor 

curves for this system along with the Gringarten type curves. Given that there are additional physics considered in the numerical simulation 

(including permeable matrix flow, complex fracture propagation, proppant transport, etc.), there are both some similarities and differences 

compared to the semi-analytical solution. The onset of thermal decline is consistent with a system that has very tight fracture spacing, 

however the long-term thermal decline behavior trends toward a system with wider fracture spacing, significantly extending the longevity 

of the system while at the same time maximizing thermal recovery. The 30-year recovery factor was determined to be 59%, indicating the 

relatively high thermal recovery factors that can be attained with a horizontal well, high-intensity fracture stimulation EGS design. 

 

 

 

Figure 9: The production temperature decline curve from Fig. 8 plotted in the Gringarten type curve space. The onset of 

thermal decline is consistent with a system that has very tight fracture spacing, however the long-term thermal decline behavior 

trends toward a system with wider fracture spacing, significantly extending the longevity of the system while at the same time 

maximizing thermal recovery (see Fig. 10). 
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Figure 10: The recovery factor curve plotted in the Gringarten type curve space. The 30-year recovery factor was determined to 

be 59%, indicating the relatively high thermal recovery factors that can be attained with a horizontal well, high-intensity 

fracture stimulation EGS design. 

 

4.3 Power Density for Multi-Bench EGS Development 

As described in Section 4.2, horizontal EGS designs with high-intensity fracture stimulation treatments can result in systems that can 

achieve extremely high thermal recovery factors (𝑅 > 0.5) while maintaining economically viable flowing production temperatures 

(𝑇𝑤𝐷 < 0.3) over the life of a project (~30 years). Moreover, the ability to drill many horizontal wells from a single pad makes it possible 

to develop geothermal resources from multiple depths (or benches) of a formation. Multi-bench development has significant implications 

for the power density of EGS development, and therefore on the global resource potential for EGS as well.  

Using volumetric methods to evaluate heat in place and converting that to recoverable electric power, the power density of an EGS system 

can be described as: 

 
𝑃

𝑉𝑟
=

𝜂𝑅𝜌𝑟𝑐𝑟(𝑇𝑟0 − 𝑇𝑤𝑖)

Δ𝑡
 (8) 

where 𝑃 is gross electric power, 𝑉𝑟 is the reservoir volume (in the context of EGS, this can be taken as the stimulated reservoir volume), 𝜂 is the thermal-to-

electric power conversion efficiency for a given power plant technology, and Δ𝑡 is the project life. For an organic Ranking cycle power plant designed for a 

geofluid temperature of 200 °C, modern designs can achieve efficiencies of 𝜂 = 0.19. Taking 𝑅 = 0.59, 𝑇𝑟0 = 200 °C, 𝑇𝑤𝑖 = 80 °C, and Δ𝑡 = 30 years, 
the resulting power density is 37.7 MW/km3. This is over an order of magnitude higher than previous estimates for EGS resource potential (Augustine, 2011). 

The stimulated reservoir volume geometry in the numerical model used to determine the recovery factor in this analysis demonstrated that the vertical extent of 

the SRV was approximately 1 km thick. This indicates that on a surface area basis, this EGS design can achieve over 30 MW per km2 per reservoir bench (75+ 

MW per sq. mile per bench). Therefore, if it is technically feasible to drill and stimulate EGS wells across a 3 km thick reservoir, then it may be possible to 

achieve power densities approaching 100 MW per km2 (250+ MW per sq. mile). This would dramatically increase the total EGS resource potential worldwide.  

5. CONCLUSIONS 

Geologic characterization of the Milford Valley has allowed the targeting of a large series horizontal wells across several miles at Fervo’s 

Cape development that have very consistent granitic basement reservoir geometry, allowing standardization of well design and leading to 

significant reduction of subsurface risk.  An unprecedented number of deep wells have been drilled in a regular spacing at Cape, which 

provides rarely seen detail in characterizing geologic conditions for a Basin and Range geologic setting.  Fervo has more than doubled the 

footage drilled by the company every year since 2021, with over 200,000 feet of new wells drilled in 2024 alone which includes over 

100,000 feet of the granitic reservoir formation (Figure 11).  A stable, conductive temperature regime has been well characterized and is 

nearly flat across more than a mile of reservoir area, with tight temperature controls at both ends, nearly eliminating temperature 

uncertainty from Fervo’s Phase 1 development at Cape.  Linear trends from high-resolution microseismic data collected during hydraulic 

stimulation of the Frisco wells indicate that the stimulated fractures are dominantly activating the existing NNW-striking natural fracture 

fabric, rather than aligning to SHmax.  Characterization of the preexisting fracture networks has been shown to be important in 
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understanding the microseismic trends at Cape.  The application of well-established EGS type curve theory using modern completions 

engineering design parameters (e.g., lateral length, perforation cluster spacing, stimulated reservoir volume geometry, etc.) can be used 

effectively to forecast energy production and thermal decline in horizontal well EGS systems. Horizontal well EGS designs with high-

intensity fracture stimulation treatments can achieve thermal recovery factors above 50% while maintaining economically viable flowing 

production temperatures over the life of a project. The combination of high recovery factors and multibench development strategies 

suggest that EGS projects can achieve gross power densities on the order of 75+ MW per square mile per bench (on a gross power basis), 

significantly increasing the total EGS resource potential beyond previous estimates.  

 

 

Figure 11: Total geothermal well drilling footage drilled annually by Fervo Energy from 2021 through 2024. The amount of 

drilling is broken down into total footage and footage drilled in the basement formation (typically either granite or a hard rock 

metasediment such as phyllite). In 2024, Fervo Energy drilled over 204,000 ft (including over 105,000 ft drilled in a granitic 

formation) while running a one-rig drilling program at Project Cape. 
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