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Overview
Characterizing the subsurface properties such as permeability is 

important for stimulation planning and heat production in enhanced 

geothermal systems (EGS). The geothermal sites are usually highly 

heterogeneous with complex structures such as faults and fractures, 

which are difficult to characterize. In this work, we use the Wasserstein 

Generative Adversarial Network (WGAN) to generate fractured images 

from the low-dimensional latent space. The ensemble method is then 

applied to the latent variables to characterize the permeability fields of 

fractured geothermal sites using temperature data. 

Method

Wasserstein Generative Adversarial Network (WGAN) 

• 480 m × 480 m domain discretized into 96 × 96 grids (9,216 

unknown permeabilities).

• 3× 3 =  9 latent variables 𝑧 and 200 ensemble realizations.

• Constant pressure and temperature boundary conditions.

• 8 monitoring wells and 1 injection well.

• 0.001 𝑚3/𝑠 injection rate with constant temperature of 293.15 K.

• 1,500-day simulation using the Matlab Reservoir Simulation 

Toolbox (MRST).

• Temperature data were measured every 30 days.

WGAN as deep generative prior with Ensemble Method

Latent variables 𝑧 are updated as:
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Synthetic Example

Model Setup
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Discriminator loss with gradient penalty for better training:
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Synthetic Case Results

FORGE site-based 2D Application

Three line structures (yellow lines) are determined as induced fractures 

by stimulations connecting the injection and production wells.

7-day simulation with 0.01 𝑚3/𝑠 injection and production 

rates, temperature data were measured every day.

Conclusion

• Computational cost reduction (less than 1,000 MRST 

simulations) with WGAN priors (96 × 96 permeabilities to 

3 × 3 latent variables).

• Coupling WGAN with ensemble method to deal with 

heterogeneous and non-Gaussian fractured fields.

• Captured important permeability features (i.e., fractures) 

with reasonable prediction accuracy.
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