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Recapitulation

Data Management Plan (DMP) (first version issued now).

GIS Database (ongoing).
Revision of explicit and implicit geomodelling methods (ongoing).

Model building with GemPy (ongoing).
* Probabilistic modelling.
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Uncertainty Analysis - Types of Uncertainty

Epistemic Uncertainty
State/lack of knowledge, can be reduced with observations
Aleatory Variability or Uncertainty
Unpredictability due to inherent randomness, cannot be reduced

Witter et al. 2018, Wellmann and Caumon 2018

4(a) Conceptual model } (b} Structure of mathematical model )7

Classification of Wellmann and Caumon, 2018, after Mann 1993 and Cox 1982:
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Uncertainty Analysis - Model building with GemPy 3
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Uncertainty Analysis - Model Building and UQ Methods Tested

1. An initial model, with boreholes and an edited salt dome structure was created.

2. Uncertainty from the data (Type 1)

A 2D section was extracted from the model in point 1 to perform the following independent approaches:

a) Quantification of uncertainty with an entropy computation of the model: 20 realizations in a 1000x1000 grid and 20 in a
100x100 grid.

. . . . . .
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c) Quantification of uncertainty with a Gaussian process classifier, using the formations of model in point 1 for training, in a
100x100 grid, resulting in probabilities for being in a specific formation (Salt in the examples that follows).

3. Uncertainty from the interpolation method (Type 2)
a) Gaussian process.

b) Variational Gaussian process.

RWTH
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Uncertainty Analysis - Entropy
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Uncertainty Analysis - Entropy
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Uncertainty Analysis — Gaussian Process - Dismissed

Section Gaussian Process, probabilities for the formation interfaces
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Uncertainty Analysis — Gaussian process classifier
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Uncertainty Analysis - Gaussian Process

 Three dimensional model
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Uncertainty Analysis - Variational Gaussian Process with GeoML
z(x) = f(x) +§

» Synthetic salt dome
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p(z,f,w) « p(zl|f,wWp(f,u) = p/Dp(flwp(u)
to maximize p(z), p(f|u) is replaced by q(f|u)

Variational inference approximates the posterior as a Gaussian q(f,u) = p(flu)q(uw)
by introducing the variational distribution
q(w) = Ny qu; m, S) whose mean m and covariance matrix §
are variational parameters to optimize

logp(z) 2 E, ¢ [log p(zID)] — KL [q(w) || p(w)] = ELBO

Goncalves et al. 2022

12/19 Computational
Geoscience and
U RS 2 O 2 4 Reservoir

>.. Engineering




Uncertainty Analysis - Variational Gaussian Process with GeoML

* Uncertainty analysis
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Discussion

Discussion < The objective of this work is create or contribute on a decision analysis framework, where each
type of uncertainty analysis conditions the outcome.
« Review of the influence of the covariance.
 Incorporation of seismic data.
« Tentative: investigate the influence of the velocity model on the UQ approach (e.g., use

probabilistic approach for the velocity model and the corresponding spatial/geometrical shape it
builds).
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Next Steps

Next Steps ° Review of the influence of the covariance.
* Incorporation of seismic data, initially as horizons.

* Incorporation of the uncertainties given by the velocity model used for depth conversion.
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GemPy v3 Released

» Python-based, open-source library for 3D geological modelling.
« Optimized, rigorous testing.

<
e ..__:‘.' / ;,4‘%'

e GitHub
https://github.com/gempy-project

* Tutorials
https://gempy-
project.github.io/temp gp3 docs/tutorials/i
ndex.html
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Thank you for your attention

Questions?
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