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Background — Friedrich Carl

Geosciences B.Sc. & M.Sc. in Tubingen

Main focus: sedimentology, exploration

Master thesis:

Permeability measurements

Petrophysical modelling in Petrel on core scale
Fluid flow simulations in ECLIPSE

Part of GeoBlocks since November 22

2/N

URS

Computational
Geoscience and
Reservoir

. Engineering

RWTH



Background — Jian Yang

Bachelor Sc.

Master Sc.

Work
experience

Petroleum Geology (China University of Petroleum)

Thesis (in Karamay): Design of Carbonation and Permian
Evaluation Wells in Dixi 106 Well Area

Energy and Mineral Resources (RWTH Aachen University)

Thesis: Guided Inversion in Virtual Reality

Science assistant (CG3, RWTH Aachen University)

Build guided inversion algorithm using external kriging
and test the Tensorflow version of GemPly.
Part of GeoBlocks since February 2023
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Background — Carlos Colombo

« Electronic Engineering, (Universidad Tecnoldgica Nacional)
« Master in Oil & Gas Exploration and Production, (Instituto Superior de la Energia)

« MSc in Geophysics,.(University of Aberdeen)

 Work experience:
« 2003 — 2005: Field Engineer / Research Assistant in Scientific Station in Antarctica
« 2006 — 2014: Operations Geophysicist
« 2014 — 2018: Acquisition Geophysicist
« 2018 — 2020: Processing Geophysicist
« 2020 — 2022: Geoscientist / Junior Software Developer

« 2022 — Present: Computational Geoscience Researcher, GeoBlocks (July 151, 2022)
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Background — Gabriela Gonzalez

Bachelor

Master

Work experience:

Geophysicist Engineering (Universidad Nacional Autonoma de México)

Thesis topic: Direct modelling potential methods

MSc Geothermal Energy Systems (Hochschule Bochum)

Thesis topic: Wave simulation

2012 — 2014: Follow-up oil & gas productions wells
2014 — 2019: Geomodelling oil & gas reservoirs
2019 — 2021: Geomodelling Ruhr district

2021 — 2023: Geoscientist Geological Survey NRW
March 2023: Part of GeoBlocks
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Scientific objectives

Main objective: creation of a workflow for geological modelling with a quantification of uncertainties

Substeps:

Creation of test data sets from geological model analogues with high data quality & quantity (AP 2)

Systematic analysis of the geological and geophysical input data regarding uncertainties and the
influence of subjectivity on interpretations (AP 3)

Review of the suitability of geological interpolation and modelling methods to model the spatial
variability of host rocks (AP 4)

Development of methods for the comparability of regions showing differences in the quantity and/or
guality of subsurface data (AP 5)

Development of approaches for the reduction of quantified uncertainties through intelligent sampling
strategies to scientifically support the planning of follow-up work in the site selection process (AP 6)
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Building Blocks for Model Development

A 3D geological model is a composite of geometrical elements & topological rules, decomposable

Into standard geometries (stacks of ==conformable layers, dome-shapes, sub-vertical layers etc.)

« A range of standard geometries can be pre-built as Building Blocks and adjusted stochastically to

geophysical interpretations and borehole data after shape comparison

* Thus, the range of typical geometrical properties (thickness, dip angles, sinuosity, wavelength etc.)

IS needed
 Using the range of likely geometrical properties, the model uncertainty is provided

« The adjusted Building Block is introduced into the model and combined by topological rules with

other Building Blocks

RWTH
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Typical geometries for host rocks
Claystones

Originally conformable layers (e.g. Northern Germany)

Possibly dipping (Opalinus clay SW Germany)

Possibly folded

Excluded in search of repository site

Possibly faulted

i
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Example for folded and cut claystones in the viscinity
of a salt structure (modified after Schachl, 1987)
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https://viewer.bge.de/?model=Niedersachsen.GTA3D&filter=true

Typical Geometries for host rocks
Plutonic rocks

https://geology.com/rocks/igneous-and-volcanic-structures/

« Batholith: large irregular discordant intrusion >100 km?
 Stock: irregular discordant intrusion <100 km?

 Laccolith: concordant body with roughly flat base and
convex top, usually with feeder pipe below

 Lopolith: concordant body with roughly flat top and
shallow convex base, may have feeder pipe below

* Phacolith: concordant lens-shaped pluton typically
occupying crest of anticline or trough of syncline

 Dike: relatively narrow tabular discordant body

« Sill: relatively thin tabular concordant body intruded
along bedding planes

http://www2.ess.ucla.edu/~ejohnson/ess103a/4 1 intrus str peq.pdf

———

dike

https://bloqs.eqU.eu/divisions/ts/2022/
05/30/features-from-the-field-dikes-
and-sills/
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https://kaiserscience.files.wordpress.com/2021/11/geological-features-batholith-sil-dike-laccolith-stock.jpg
https://kaiserscience.files.wordpress.com/2021/11/geological-features-batholith-sil-dike-laccolith-stock.jpg
http://www2.ess.ucla.edu/~ejohnson/ess103a/4_1_intrus_str_peg.pdf
https://en.wikipedia.org/wiki/Phacolith#/media/File:Phacolith.jpg
https://en.wikipedia.org/wiki/Phacolith#/media/File:Phacolith.jpg
https://blogs.egu.eu/divisions/ts/2022/05/30/features-from-the-field-dikes-and-sills/
https://blogs.egu.eu/divisions/ts/2022/05/30/features-from-the-field-dikes-and-sills/
https://blogs.egu.eu/divisions/ts/2022/05/30/features-from-the-field-dikes-and-sills/
https://geology.com/rocks/igneous-and-volcanic-structures/

Typical Geometries for host rocks
Salt

* Originally conformable layering
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Section through the Lower Rhine Basin (BASAL study, Reinhold et
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I I Twiss & M , 1992
Typical geometries for host rocks Tuiss & Moares, 1992
https://www.dinoloket.nl/en/subsurface-models/map

S a.I t https://viewer.bge.de/?model=Niedersachsen.GTA3D&filter=true
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https://www.dinoloket.nl/en/subsurface-models/map
https://viewer.bge.de/?model=Niedersachsen.GTA3D&filter=true

Current focus

Site Data set
identification development

Deflne_ a method for Fit GeoBlocks's
selection, that can be

adapted to the data that collaboration purposes
: and methods
are available

4 A

GeoBlocks

ldea
generation

Build example models

and build blocks for

model development
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Data acquirement of example model

DINOloket

Data and Information on the Dutch Subsurface

Select model of interest +

BRO data only: -
() BRO DGM v2.2
(") BRO REGIS Il v2.2
(O BRO GeoTOP v1.4.1 i
O BRO Geomorphology 2019
() BRO Soil map 2021

O BRO Groundwater level depth 2021 e
O Geological map 2021

(@) DGMdeep v5.0 .
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Model parameters simple salt models (two slices 90° )

Assume we have a flat

and asymmetry top &
Cell Number: mid Direction: y 25°
5000
| -
\\\I -
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3000 https://www.dinoloket.nl/en/subsurface-models/map
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https://www.dinoloket.nl/en/subsurface-models/map

Example salt models built by GemPy

DINOloket
Data and Information on the Dutch Subsurface

https:// www.dinoloket.nl/en/subsurface-

models/map
North-eastern part of the )
Netherlands E All models are
3 vertical
Measurements: i exaggerated by 2.5

« 14 interface points
++ 8 orientations
Model limitations:
+ Based on few
measurements
s Approximate
measurements

boF B b8 8§ B ¥ & § 8 8 4 .

Salt anticline Diapiric salt wall Salt pillow Salt roller
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Example salt models built by GemPy

DINOloket ” .’ - . ] : o %‘" Ei_m.
Data and Information on the Dutch Subsurface - i“ C e R, — : ‘4,‘,/ ., S . _4“ | o =
https:// www.dinoloket.nl/en/subsurface- 2o || s ™ - " = | gi‘z
models/map - | ;
North-eastern part of the ™ -
Netherlands £ T
Measurements: - e 0
% l4interface points  _ 0
+»+ 8 orientations - 3
Model limitations: o §~°
% Based on few N
measurements _ % o
< Approximate oS, - All models are
Y vertical
measurements o exaggerated by 2.5
10
Salt pillow Diapiric salt stock
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Example salt models built by GemPy

A A

DINOloket N
Data and Information on the Dutch Subsurface o

™ All models are
https:// www.dinoloket.nl/en/subsurface- - o vertical
models/map P a exaggerated by 2.5
North-eastern part of the S| =
Netherlands i
Measurements: 3‘:
+ 14 interface points ~ . | | e

«+ 8 orientations
Model limitations: _
« Based on
few measurements
s Approximate
measurements

ToNBomo D O

SRASEELD_ _

Salt anticline Diapiric salt wall Diapiric salt wall
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Model processing by different software

Uncertainty G I s
analysis

eG\emPy //

GemPy add-on
Basic
oY o \

workflow

/ 4
Input dataset \V/17’\(
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Introduction of GemPy

« GemPy — Open-source geological
modelling python package

« Constructs 3D geological models ( folds,
faults, unconformities)

« Potential-field interpolation algorithm
based on universal co-kriging

* Full integration of stochastic geological

modeling for uncertainty analysis

» Lajaunie, C., Courrioux, G. & Manuel, L. Foliation fields and 3D cartography
in geology: Principles of a method based on potential interpolation. Math
Geol 29, 571-584 (1997).

» delaVarga, M., Schaaf, A., and Wellmann, F.: GemPy 1.0: open-source stochastic
geological modeling and inversion, Geosci. Model Dev., 12, 1-32,
https://doi.org/10.5194/gmd-12-1-2019, 2019.
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Link between GemPy and GIS

(2 *s33_bottom — QGIS
Project Edit View [ENESN Settings Plugins Vector Raster Database Web Mesh Processing Help

EG \! Data Source Manager Ctrl+L }a
»

Create Layer

. Q % % dd \;':; Add Vector Layer...
Export Of CSV fl Ie . Embed Layers and Groups... 'o Add Raster Layer...

M N ¥ @ rom Layer inition File... esh Layer...
Can be used In GIS SOftware’ Browser g iddfs o : m eli'lieTa:tLa‘rer...
opy Style * &
SUCh as QGIS that SUppOFtS t:l_| N oA IE:,+,ch,|, @ Add Pnd‘ﬁl‘-lau?r:..;
viewing, editing, printing, and

analysis of geospatial data.

)|

I
i

* QOutput:
s Grid
s Surfaces
% Kriging weights vector
s Scalar field
s Vertices
% Geological map
s Gradient

|

3

OoEnIgHILT:
oo
o
oftwm@ese
COTTIETCnE
cormturnEnT

il
j

i

*,

Input: Vertices of surface mesh
Method: contour level
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Link between GemPy and GIS

Digital Elevation Model

Geological Map/Data

Geological map/data can be
processed by GIS software
such as QGIS to generate
data for GemGlIS.

GemGlIS then will prepare
data for Gempy to create 3D
geological model.
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Link between GemPy and VTK

MM ParaView 5.6.0 64-bit
urces Filters Tools Catalyst Macros Help

EOIT DL & @Kappps]m |—|—:{M

. [0 &t aOmier AT o|fe
Export of VTK file. fm I TTFATT

& |

Can be used in Visual Toolkit
software, such as Paraview that
offers strong visualization
capabilities and many output
format.

Properties | Information
x
Apply D Reset Delet ?
Search ... (use Esc to dear text) &
| =
/ Reset to Data Bounds
offeet [
v
Crinkie
= Display (UnstructuredGridRep
Representaton  [Surface
Coloring

[ @ sold calor

-«_ﬂI_I_I_I_I_I_I e

J ParaView

Input: .vtk file of surface
Method: cross-section
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Link between GemPy and Blender

#® Blender [D:\sciebo\geoblk\work-flow\geoblocks-workflow\examples\example_model\Blender\s33_bottom.blend]

Export of obj file. This B s v e

triangulated surface meshes can [ .
be used in Blender for further E
processing. :
E gvl Shape_IndexedFaceSet & sha
We also developed a blender = ;
add-on which can directly create . -
GemPy model in blender. o [ -
°
A®)blender B
@~ Playback v Keying v View Marker ° e d Pren 1 & sat 1 End 250 Subsurface Radius 1.000

Input: .obj file of surface
Method: rendering
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Link between GemPy and Unity

# Scene i E Hierarchy
my 9~ + >
A example
& Directional Light
& Plane
Origin
(R Interaction Manager

rZ‘J gempy_model

Model from Blender can be
imported into Unity, the 3D
game engine where we can
develop teaching software or

visualization applications. . e S

% Favorites Assets > Scenes

R example
R VR_platform

(& Assets

I Ciconia Studio

s gemgis_example

I mat

Mm Oculus Hands

m outcrop

m rock_example

& Samples
o® Game 5 @@ XR Interaction Toc
Game v Display 1 v 16:10 Aspect X Play Focused v " (& Stats Gizmos v (w2.2.0

I Starter Assets
Im Scenes
- Im scripts
i XR
I XRI
m Packages

NurGis VR geological teaching platform
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GeoBlocks Data Management Plan (DPM)

Internally, we plan to build a GIS database (with QGIS) that allows all parties to easily visualise the data

Internal Applications Formats == Common Format

A 4

GIS DATABASE
—) For QGIS or ESRI
ArcGIS

QGIS
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Geomodelling Basic Concepts

Interface
detection is the
key for
modelling

One of goals of
our team is to

ﬁ Natural rock structure)

/G Typical observations and measurements]

P ial field it (e.g., gravity)

Legend
Layered limestones and turbidites (Eocene)

Massive limestones (Paleocene)
Dolomite (Paleocene)
Sandstone (Cretaceous)

Thrust faults

—

_

Scientific challenge:

-

q
(® Geological )
L Observations |

l X
@Conceptual )
[ Model |

[ Mathematical | -

Model ,/

AN
7

Reality ﬁ

|

Y
-
p

Geophysical
Measurements

:

Geological
Knowledge

|

7

<+

Fundamental
Principles \ i
| )

Processing W

A

What is a meaningful boundary representation
of the physical reality? Section 3 &
How to obtain it from available information? Section 4 Parameterlzatlon -« Add.
ad d ress ” sﬁ::ac:‘gvg;ﬁr'a%ﬁahmes) What is the associated uncertainty? Measurements | < | ——
. . 9. % (Rock physics, etc.)| ™ \
uncertainty with | P \ | _
pro babilistic § I i & Representation by boundaries) Geometric Model ©) , Imaglng & ‘
. ! ' Ny | (aka Geological Model) "\ VT Interpretation
programing I |t | — , .
1 T k_/> (Joint) Inversion
-
Scientific challenge: ‘:% J,
Closing the loop between models and measurements @
Section 4 . .
Approximation of
Reality
Source: Wellmann and Caumon, 2018
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Uncertainties found in Geomodelling

General classifications /{{a} Conceptual model j ~ I_,({b] Structure of mathematical model )7-\|
(Wellmann et al., 2010, after
Mann, 1993) applied to the case
of structural

Modelling:
: Suitable mathematical function to represent geological
¢ Ty pe 1 (er ror, bias , al d setting, types of geological 5u-ucturer, com pgxit;?mm, 2-D- Structure of the chosen mathematical model: number and type of
im prec ision ) g 2.5-D-3-D, etc. kkhlg;|n‘e|r.'nln::-g;|i|::a| intefaces, fault network, etc. )
Ambiguity of structure based on uncertainties
in raw data. f,{ (c) Parameters of mathematical modelj ~ /[{d] Input points for interpolation j >

 Type 2 (stochasticity, and

Inherent randomness)

Uncertainty of interpolation and extrapolation
away from know points.

7

Position of input points to interpolation function: interface
position, orientation measurements, etc.

Parameters of the mathematical interpolation function: variogram

¢ Type 3 (impreCise kﬂOWledge) madel, RBF parameters, etc.

Problem of incomplete knowledge of
structures in subsurface.

p ) AN

Source: Wellmann and Caumon, 2018
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Implicit vs. Explicit Geomodelling (Type 2 Uncertainties)

» Explicit Methods: directly building geological interfaces.
- How torepresentaline? ¢ = kx + b

— Usually linear estimators: e.g., kriging, inverse, natural neighbour. |
— Good for grids that include petrophysical modelling: e.g., Petrel, Gocad, RMS or Jewel Suite '

— For 3D geomodelling: TINs (linear approx.) or parametric surfaces (e.g., NURBS, higher order approx.).
— Surfaces tend to intersect or leave gaps.
— High user interaction and validation.

— Better for difficult-to-model objects.

* Implicit Methods: scalar fields whose equipotential surfaces are
the geological interfaces of interest. |

— How to represent aline? _4x + Bg -D =0
— Implicit surfaces (with iso-values) from sparse data points.
— Meshless or mesh-based methods.

— Require extra artificial data points with non-zero values, orientation measurement or forcing the gradient

norm to be unitary.

-1.0 -0.5 0.0 0.5 10

— Several surfaces can be modelled.

. . . . 1 L
— More flexible in representing more complex geometries.
s(x) = E eixi(x) + E dypy(x)
i—1 =1

Scalar field for meshless methods
Source: Wellmann, F. and Liang, Z., Structural Geological Models, WS 2022/23
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GemPy — Implicit Geomodelling

Universal cokriging:

Cozjou,02/0v  Cozjouz Usz/on Fozou AoZ fou,0Z /00 NOZ[Ou,Z COZ/om,6Z/0v  COZ[Ou, L
Cz 07 /6u Cz.z Uz Fz Az, 0z/0u Az.z €z, 0Z/6u CzZ,7
© formation Uz ou Uy 0 0 Hou Im fio0 f20
@ MainFault Fozion Fg 0 0 Hor e f1o0 fa0
e @ SecRes_Top
O Seal_Top
@ Res_Top
@ @ Base_Top

o 500 1000 1500

model computation

\4

2D cross-section 3D voxel representation

LEGEND
I overlying

East View

£ Sandstone 2
N % [ shale (SEAL) .
I sandstone 1 (RESERVOIR) : . [ — Top View
Basement seadelly ity ) / [ |
Fault

2000 m
Y 2000 m
2000 m X
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Probabilistic Programming Languages

Probabilistic programming languages aims for reducing the representational gap between the representational
capacity of probabilistic graphical models and the most innovative probabilistic models given by the Al, machine
learning, and statistics community. source: Probabilistic Programing, Nov-15-2020, https://probabilistic-programming.org/, Accessed on Jan-12-2023

Probtorch (Probabilistic Torch, library for deep generative models that extends PyTorch,
https://github.com/probtorch/probtorch)

Pyro (universal probabilistic programming language, https://pyro.ai/)

Python (programming language, https://www.python.org/)

PyTorch (open-source machine learning framework, https://pytorch.org/)

PYM[: PyMC (probabilistic programming library, https://www.pymc.io/welcome.html)
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https://probabilistic-programming.org/
https://github.com/probtorch/probtorch
https://pyro.ai/
https://www.python.org/
https://pytorch.org/
https://www.pymc.io/welcome.html

References

Ghahramani, Z. (May 28th, 2015). Probabilistic machine learning and artificial intelligence. Review. Nature, Vol. 521, pp452-459. © 2015
Macmillan Publishers Limited. All rights reserved. D0i:10.1038/nature14541.

Probabilistic Programing (November 15, 2020). Link: https://probabilistic-programming.org/ . Accessed on January 12th, 2023.
Probtorch. Link: https://github.com/probtorch/probtorch .

PyMC, https://www.pymc.io/welcome.html. © Copyright 2022, PyMC Team. Accessed on January 12th, 2023.

PyMC, probabilistic programming library. Link: https://www.pymc.io/welcome.html

Pyro. Link: https://pyro.ai/.

Python. Link: https://www.python.org/ .

Pytorch. Link: https://pytorch.org/.

Rochford, A. (January 29", 2022). A Modern Introduction to Probabilistic Programming with PyMC. Link:
https://austinrochford.com/posts/intro-prob-prog-pymc.html. Accessed on January 12th, 2023. Contents licensed CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0/). Powered by Nikola.

Wellmann, F. and Caumon, G., 2018. 3-D Structural Geological Models. Elsevier.

Wellmann, F. and Liang, Z., Structural Geological Models, WS 2022/23 (Lecture).

35/N

o | RVNTHAACHEN
Geoscience and

/..  Reservoir UNIVERSI IY
©.-:"Q. Engineering

URS2023


https://probabilistic-programming.org/
https://github.com/probtorch/probtorch
https://www.pymc.io/welcome.html
https://www.pymc.io/welcome.html
https://pyro.ai/
https://www.python.org/
https://pytorch.org/
https://austinrochford.com/posts/intro-prob-prog-pymc.html
https://creativecommons.org/licenses/by-sa/4.0/

Questions and Discussion

RWTHAACHEN
UNIVERSITY

7" URS2023



	Slide 1: GeoBlocks: Building blocks for the quantification of uncertainties in geological models
	Slide 2: Background – Friedrich Carl
	Slide 3: Background – Jian Yang 
	Slide 4: Background – Carlos Colombo
	Slide 5: Background – Gabriela Gonzalez
	Slide 6: Scientific objectives
	Slide 7:  Building Blocks for Model Development
	Slide 8
	Slide 9: Typical Geometries for host rocks Plutonic rocks
	Slide 11: Typical Geometries for host rocks Salt
	Slide 12
	Slide 13: Current focus
	Slide 14: Data acquirement of example model
	Slide 15
	Slide 16: Example salt models built by GemPy
	Slide 17: Example salt models built by GemPy
	Slide 18: Example salt models built by GemPy
	Slide 19: Model processing by different software
	Slide 20: Introduction of GemPy
	Slide 21: Link between GemPy and GIS
	Slide 22: Link between GemPy and GIS
	Slide 23: Link between GemPy and VTK
	Slide 24: Link between GemPy and Blender
	Slide 25: Link between GemPy and Unity
	Slide 27: GeoBlocks Data Management Plan (DPM)
	Slide 28: Geomodelling Basic Concepts
	Slide 29: Uncertainties found in Geomodelling
	Slide 30: Implicit vs. Explicit Geomodelling (Type 2 Uncertainties)
	Slide 31: GemPy – Implicit Geomodelling
	Slide 33: Probabilistic Programming Languages
	Slide 35: References
	Slide 36: Questions and Discussion

