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How geothermal works today

Deep wells inject cool water 

Water heats up as it flows through 
the subsurface and returns 
through production wells

Steam at the surface generates 
electricity without emissions

1 out of every 3 geothermal wells are “dry 
holes” because they cannot support 
commercially viable flow rates

Slide credit: Tim Latimer (Fervo Energy)
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We can engineer flow rate

𝑄𝑡 =
𝑁ℎ𝐶

𝜇𝐷
Δ𝑃𝜌𝐻

𝑄𝑡 = energy production rate
N = number of fractures

h = fracture height
H = specific enthalpy of fluid (water)

C = hydraulic conductivity

The economically limiting factor for geothermal development is creating a 
dense network of flow pathways. Power production scales with reservoir 

contact area.

𝜇 = viscosity
D = distance between wells

Δ𝑃 = pressure drop between wells
𝜌 = fluid density
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Modern shale designs create massive contact area with reservoir

Cramer et al. (2019)

Bagci et al. (2019)
Lorwongngam et al. (2020)
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Well doublet: conceptional example

• Modeled in “A Feasibility Study on Three 
Geothermal Designs: Deep Closed-Loop (with and 
without Conductive Fractures) and Open-Loop 
Circulation Between Multifractured Laterals”, 
Fowler and McClure, 2021

• Two 3km laterals, spaced 200 m apart

• Injector cased and perforated every 30 m

• Producer open hole

• Generic granite-like rock properties

• Use conceptual model to demonstrate sensitivity to 
injection rate, reservoir temperature, well spacing, 
etc.
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Circulation between wells “mines” heat from the rock

t = 45 days t = 1.5 years

Enthalpy of water phase (kJ/kg)

1000 1500

Enthalpy of water phase (kJ/kg)

1000 1500

Source: Fowler and McClure, 2021
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Sensitivity to major design parameters

Higher flow rates = higher rates of energy 
depletion

But…

Power = flow rate x energy content so there 
is an optimization

Higher reservoir temperatures = greater 
energy transfer to working fluid

But…

Higher temperatures necessitate more 
expensive / rare tooling

Source: Fowler and McClure, 2021



9

Multifractured laterals produce commercial levels of electricity

Well cost $20M $20M

Electricity 
price 
($/kWh)

$0.10 $0.05

Discount 
rate

10% 10%

Break-even 
year

3 7

300’ Celsius Economics

Source: Fowler and McClure, 2021
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Additional reading

https://www.resfrac.com/blog/why-multistage-stimulation-

most-exciting-idea-geothermal

https://www.resfrac.com/blog/why-multistage-stimulation-most-exciting-idea-geothermal
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Thank you!

Garrett Fowler, COO

garrett@resfrac.com

mailto:garrett@resfrac.com

