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Geothermal project lifecycle and economics

→ Crucial problem: identify and 
characterize the geothermal resource

→ Drilling the costliest phase, but…

→ Targeting the wells successfully is the 
game-changer

→ Key parameters:

− Permeability
− Temperature

→ Strategy

− Understand the subsurface better
− Reduce the risk early!
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What can we do?

Leverage data-driven, geophysics-centered solutions performed on 
a digital infrastructure to perform the workflow

Impact the whole subsurface characterization workflow for 
geothermal E&P

From geophysical inversion and resource characterization to 
geological and geothermal modeling.

Influence drilling decisions

Geothermal modeling engine and subsurface knowledge-sharing 
directly linked to drilling and site development planning.



Geophysics

Seismic, EM, gravity

Reservoir 
characterization

Multiphysics rock 
properties

Thermal modeling

Heat-in-place

Geothermal answer products

Geothermal potential analysis Risk assessment

Porosity and 
permeability 
estimation 

Pore-pressure 
prediction

Drilling risk



Seismic-driven geothermal exploration

Seismic Interpretation and 
Attribute Analysis

Delineate subsurface structures

– Geological boundaries
– Geothermal reservoir and 

caprock
– Fluid flow elements (Faults 

and Fractures)

G&G Data

Exploit data

– 2D Seismic, 3D seismic
– Well logs
– Gravity, magnetics, 

elevation data

Rock Physics and Seismic 
Inversion

Seismic Processing and Imaging

Determine reservoir 
parameters

– 3D porosity distribution
– Lithology classification
– 3D thermal conductivity 

distribution

Deliver from design to 
imaging

– Survey design and QC
– Advanced noise 

attenuation
– Near-surface modeling
– 5D interpolation
– Advanced imaging



Multiphysics for geothermal exploration

Magnetotellurics, Gravity
– Small- / large-basin scale definition and 

geological framework
– Structural lineaments, fault detection

Magnetotellurics, Gravity
– Lithology change mapping
– Near-surface modeling
– Rock physics characterization

Magnetotellurics, m-Gravity, X-well EM
– Well planning
– Time-lapse reservoir monitoring (4D)
– Derisking for subsidence
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Geophysical thermal characterization & modeling

→ Highly automated solution

− Integration of EM 
and/or Seismic data

− Utilizing advanced LPE engines
− Estimate 3D subsurface 

thermal properties and 
temperature

→ Advanced coupled geothermal modeling 
and simulation engines

→ Transform subsurface models into 
engineering decisions

Seismic Electromagnetics

Litho-Petro-Elastic Engine

Thermal conductivity Temperature



Inverse geothermal modeling

→ Solve geothermal inverse problem

→ From temperature measurements 
to thermal properties

→ Using geophysical information and 
data assimilation techniques to 
integrate temperature and geophysical 
observation.

→ To identify

− potential geothermal “sweet spots”
− potential deviations from background 

model

Temperature deviation from background model



Drilling risk for hydrocarbon presence 

→ Assess the potential maturity 
of organic material

→ Predict hydrocarbon presence 
in the sedimentary basin along 
the planned geothermal well 
trajectory

→ Detect unexpected presence 
of overpressurized HC 
accumulations.

→ Reduce blow-out risk

Geothermal well

Switzerland (Omodeo-Salé, S. et al, 2020)



Geomechanical Risk Assessment

→ 3D mechanical earth model (MEM)
populated with geo-solutions
(e.g. inversion, fracture model)

→ One 3D MEM for several applications

− Drilling stability
− Wellbore integrity
− Subsidence/uplift
− Fault and reservoir stability
− Induced seismicity

→ Proven geothermal applications
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Directions for the Future

Instrumentation

→ Use jointly

− Surface distributed acoustic sensing (S-
DAS)

− Distributed temperature sensing (DTS)

→ to generate cost-effective measurements

→ to be integrated within geophysics-centered 
geothermal inversion workflows

Automation

→ Automatic processing and interpretation 

Cost-effective 
measurements

Automation

Value

generation



Derisk geothermal projects with the 4 G’s

Prestack
seismic

Seismic image

Wells

Interpretation

Rock physics

Subsurface Refinement

Multiphysics

Subsurface ModelingSubsurface Imaging

Basin model

Geomechanics

Geologic model

Initial Data
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