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POTENTIALS
Geothermal energy has two primary applications: heating/cooling and electricity 

generation



ENVIRONMENTAL 
IMPACT?
• available 24 hours a day. 
• Relatively low emission levels
• Binary power plants: minimal 

emission of particles and almost 
zero emissions of greenhouse 
gases. 
• Minimal land footprint and 

freshwater.
• Most recent plants are designed 

for 30+ years
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Well and drilling cost can make up to 30-
70% of total geothermal project cost

Low rate of penetration, Severe wellbore stability issues,
Lost circulation



LOST CIRCULATION

Highly permeable and under-pressured
Geothermal conditions



Solutions to Lost 
Circulation



(A) Lost 
Circulation 
Materials (LCM)
and Wellbore 
Sealing



Conventional LCM 
Examples:
• Mica flakes
• Walnut Shells
• Fibers
• Marble
• Calcium Carbonate
• Perlite

Geothermal well 
conditions:
• Temperature up 

too 300oC
• Gas: CO2, H2S
Most conventional 
LCMs degrade at 
200oC!



NEW LCMs

thermoset rubbers 

controlled-porosity 
ceramic materials

SANDIA National Lab:



(B) Cement 
Engineering

• Used for casing and cementitious mud (cement 
containing drilling fluid)

• Parameters:
• Time to set 
• Effects of temperature 
• Mechanical properties of cement



Brookhaven 
National 
Laboratory

Rapid-setting and temperature-driven 
cement:
• mixing conventional bentonite mud with 

ammonium polyphosphate, borax, and 
magnesium oxide 

• Significant compressive strength was 
developed in less than two hours

• the setting time decreased with increased 
temperature

• material expanded approximately 15% upon 
setting.



(C) Computational 
Modeling 

• finite element models for wellbore strengthening 
applications and simulations of fracture creation and 
sealing 

• Based on linear elastic fracture mechanics
• Benefits:

• predict fracture-initiation pressure 
• effects of wellbore-fracture geometry
• Improve LCM designs



Lost Circulation Solutions
sustainable geothermal exploitation requires deep seated, 
large diameter boreholes and long lasting well integrities.



Other Solutions



(A) Innovative Drilling Methods

• Less contact forces and abrasion of 
drilling head 

• less NPT
• longer drill distance



(B) Best 
Practice 
Handbooks

• Temperature

• Geology

• Geochemistry
• Drilling practices 

• Well Design
• Casing depths, materials, connections, 

cementation

• Drilling rigs, fluids
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