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modeling, uncertainty analysis for
gation, and online GIS solutions

RWTH Aachen

E-TEST TEAM

ET - Site Studies and Charcterization Workshop

Nils Chudalla, Marius Waldvogel, Raphael Burchartz, Pooya Hamdi , Florian Wellmann

VAVAVAVAVAVAVA'
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Geological modeling in E-Test

Goal: Find the optimal position for the Einstein Telescope
in the subsurface

* Collect & homogenize available data

* Understand tectonic setting

* Preliminary geological models

e Conduct further geophysical exploration
* Refine geological models

e Simulate and plan tunneling

= nterrey
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Model input

Main sources of information:

* Boreholes

* Maps (orientations and surface points)
* Profiles

* Seismic interpretations

Soon to be acquired:
Additional boreholes
2D seismic

Passive seismic
Geophysical methods

interreg | 3
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EMR models

* |: Cretaceous Cover
* Important dampening layer

* Unconformity (Future drilling
operations)

e |I: Paleozoic folds and thrusts
e Contains target layer for tunneling
e Fault and fracture characterization

v il A S

——l interreg |8 .
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Model: Cretaceous cover

1e6
* Status quo: oo
* No orientations from outcrops o
* Plenty of boreholes (North) 2o%
* Low resolution seismic Z 560 | o
* Easy geometry § .
* Few faults sz .
5620
5615 __ﬁ ® Samples from SCAN ZD‘
o @ Boreholes

685000 690000 695000 700000 705000 710000 715000
X (UTM31N)

~_— HILCITICY

-
- oo E_TEST Enmenieescore Euregio Meuse-Rhine

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee




Model: Cretaceous cover

Model dimensions:
* 23,500 x 28,000 x 800 m
e 80x 120 x 60 blocks

nterrey

wla E_TEST g felsscore Euregio Meuse-Rhine  curorea union
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Model: Cretaceous cover

-

@ness map

Depth map
. ,
=100 =50 o 50 100 150 200 250 50 100 150
Depth bsl. [m] Thickness [m]
' nterrey

EUROPEAN UNION

= oo E-TEST Sen 5., Euregio Meuse-Rhine
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Borehole @ Prediction | Measured
Banholt 151 m 130 m
Cottessen 8 m 2Zm
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Model: Paleozoic folds and thrusts

* Status quo:

* High data density for
orientations

* Few boreholes
* High structural variability

specific geological
interpretation

= interreg |EE :
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Model: Paleozoic folds and thrusts

Model dimensions:
* 19,000 x 14,000 x 800 m
e 80 x 70 x 30 blocks

I Upper Carboniferous
5| Lower Carboniferous

.,,) Upper Devonian
fe]
7
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Uncertainty modeling

Cretaceous cover
SCAN 2D

Z:40m
Boreholes

Z:10m

Paleozoic folds and thrusts
X,Y:100 m
Z:25m
Dip:10°
Azimuth:10°

all simulated surfaces for Formation 1

(Wellmann & Caumon, 2018)

These are only assumptions based, a clear quantification is planned.

'~ HiLterrey

wla E_T EST Eq‘z‘“sz"ls‘hﬁ o Euregio Meuse-Rhine  curorean union
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Boundary position Orientation measurements
s ° . 8 X =+~ £
Step 1: Construct initial model

v

Step 2: Define uncertainties
? I z

Step 3:Create different input data sets

Step 4: Model multiple realisations

!
s T | W W

Step 5: Analyse and visualise uncertainties

!
— o~
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Uncertainty and Shannon cell Entropy

a) Map with uncertainties (b) Probabilities
Grid structure )
Unclear boundaries (subunits) high
Estimate
Probabilities low
- m
H(#,t) = — Z (@, ) log () | 9>
m=1

(c) Cell entropy low
‘\ high high

A

low low

— _/

_Y_
Analyze cell entropies =———/

(Wellmann and Regenauer-Lieb, 2012)

'~ HiLterrey
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5.640
[ ]

5635
=
S 5630 | @
=
=
= °
> 5625

5.620

5615 ® Samples from SCAN 2D

Y ® Boreholes
685000 690000 695000 700000 705000 710000 715000
X (UTM31N)
Cross section in model
Explore it!
SCAN ME
Wy Streamlit

-
= LE-T

Uncertainty: Cretaceous cover

250 | —

250
5640 5635 5630 5625 5620 5615
1e6
Entropy of lith. layers

0.0 0.2 04 06 0.8
Probability "Cretaceous"

0.0 0.2 04 06 0.8 1.0
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Uncertainty: Paleozoic folds and thrusts

250
o,

5610 5612 5614 5616 5618 5.620 5.622
1e6
4 S 020
-25
5610 5612 5614 5616 5618 5.620 5622
1e6
25§
-25

5.610 5612 5614 5616 5618 5.620 5.622
1e6

Entropy of lith. layers
0.0 0.2 04 06 0.8 1.0

Entropy of faults
B e

0.0 0.2 04 0.6 0.8 1.0

= nterrey
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Geological modeling: Challenges & Opportunities

Challenges:

* Quantify error of model input

* Reduce overall uncertainty

* Model different geological interpretations
* Maximize information from available data

Opportunities
e Evaluate model quality and geological interpretations
* Maximize information gain from exploration methods

> iiteirrey B

- w/a E_-TEST Eq‘i‘“sz"ls‘hﬁlkqu Eureg|° Meuse-Rhine  curorean union
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A AVAVA AVAVATAVAVA AVAVAVAVAVAVAVAVAVAVAVL AV  VAVAVAY VA
AVATAVA AVAVAV VAVAVAY AVAVAVAVAY VA AVAVAY.

A V. VAVAVAVAVAVAVAV VA'AV VA'AVAVAVA VAVAV VAVAVAVA AV VA'
VAVA AVA AVAVAVAVAVAVAVA. AVAVAVAV VAVAVA VAVAVAVAVA AVAVAVAY,

A AV VAV VAVAV VAVAVAVAVA AVAVAVY V VA'A VAV VATAVAVAV VAVA

AVA AVAVAVAVAVAVAVA AVAVA AV VAVAV VAV VAVAVA VAVA'  VAVAVAVAVAY.
AVAV VAVAY VAV VAVAVAVAVA AVAVA AVAVAVAVAVAV.L VAVAVA AV VAVAVA
ATAVAVAV VA AVAVA A AVAVAVA AY VAVAVAVA'AY  AVA AVAV VAV VAV,

VAVA VAV VAVAVAVAVAVAVA  AVA AVAVAVAV VAVA
A VAVAVAVAVAVAY  AVAV YA  VAVAVAVAVAVAV VAV AVAVAVAVAVAVAVAVAVY

Online GIS solutions

VAVAVAVAVAVAVAY
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“Isn’t there data somewhere on that topic?”

Large amounts of data collected and homogenized

Large amounts of data generated

Many researchers and (future) ET2SME partners involved
Public outreach

Online data platform

iterrey B 16
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What is geological data? What should it do?

Data input:

e Boreholes (Points, bar diagrams)
Geological features, e.g. faults (Polylines)
Geophyiscal methods, e.g. ERT (Polylines, images)
Spatial interpolations (Raster images)
3D geological models (3D objects)

Functionality:
 Filter data
* Select data
 Download data
e Locate the right data (Intuitive interface)

_— HILeITEeyY

- .
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Online Geology

UmweItAtlas Angewandte Geologie
=

Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Schweizerische Eidgenossenschaft 5 = Probi Sie test.map.geo.admin.ch Volibild  Problem me
v s Ort suchen oder Karte hinzufiigen: iSRS sty

Q, | z.B. Bundesplatz 1 Bemn, 46.7 7.5, Larmkarte

In Zusammenarbeit mit den Kantonen

L = fsruhe
a
Inhalt
p— = » Geokatalog Thema wechseln
A S D (
Anbruchbereiche P G"","'"ﬂ \ ~ Dargestellte Karten
llimbmg e
Ablagerungsbereiche ,“ X ﬂllc )’ Ergoldin:
) . c /(. le( ,. ,'( O @ Geografische Namen swissNAMES3D
v [7 Gefahrenhinweiskarten ’ umngqn (I) fau) Meitinget® 4 < ]
S S:hmhenhaus. g
nschlag/Blockschlag mit Walddampfung B || . | sl ‘“’5“"' © & SWISSIMAGE Zeitreise Aktuell
< r—& ! ofen X
Taufkirch
A I“ = llliuxz—/%u.ggbm - Nelifabrnt .u(w;:) g Nach weiteren Karten suchen?
A S o orl. Frie Freisidg  Erding D" o Menii schii
i orfen - nii schliessen
A Sf = .Kﬁnlqshwnng g '""m. = o
< ?.- f Bobinge! unsn:h rs hieiBh aldkral
A S A [ s.abmdnc:e i :
A S >
A S
A S D
Permafrostwahrscheinlichkeit =
v [7 Geologie erleben »~
Geotope & X
Geo- und BodenLehrpfade V)
GeoUntertage S o
GeoMuseen Vo =
Via GeoAlpina Pl =
<
Themen

Erdwarmekollektoren @
() Geothermische Ergiebigkeit
Erdwarmesonden @

() 40 m Sondenlange
(®) 60 m Sondenlange
()80 m Sondenlange
(") 100 m Sondenlange

Geologischer Dienst NRW
Hydrogeologisch kritische Bereiche @ . .
e v Bayrisches Landesamt fiir Umwelt
o () weitere Bereiche (nur Erdwa l Ihemen ” Ledends I .
= S e SwissTopo

Fon +49 (0) 21 51 89 70 - Fax +49 (0) 21 51 89 75 05

iterre
-'QE-TEST Euregio Meuse-Rhg

European Regional Development Fund

18

EUROPEAN UNION



Simplified workflow (How could this work?)

@

8 y ArcGIS Experience Builder

‘/"" N

—_—
= el ETEST 505,

Nik[hef
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Custom widgets (ArcGIS

Header

‘ B&61F0054_English

‘ B&61F1417_English ‘ B61F0296_English ‘ B&1F0294_English

Genk
60
40 AV IB61E0054MEnglish

£ H\f"‘“gﬁ” ENglish
[ 20 y A -‘M-. :.I
c - )
=l
]
m
>
< 0
L]

-20 Y

-40

&, &, 8, 8,
51;‘0 6‘1}(} 6‘1’(\0 6‘1/:\0
s, 4 29, 20,
7 2 6 4
\{\}] ~&h \{\}? \é})
Q//s 4 Q//s % Q/}s 3 Q’:’S‘ %
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Showcase WebApp

NEDERLAND "7'!15 RPAN
b

Nakeim

Einstein
Telescope

/NL/BE/D/

< 560f104 =

oo
oo

European Regional Development Fund

country Netherlands

B D DB-115
Elevation 179.70
Max. depth -329.95
Source zome source
URL View

Q¥ Selected festures:1
4km s
- Land NRW, IGN, Esri, HERE, Garmin, USGS | Esri, HtERE Powered by Esri|
/o E-TEST S5, Euregio Meuse-Rhine  curoreanunion
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E-TEST is co-funded by the Regions:

Py
& %

A<y

B 7’) ULAAMS-
2

Wallonie BRABRE

provincie limburg ;%

12‘{‘%‘_ Ministerie van Economische Zaken
258 en Klimaat

Limburg /

AGENTSCHAP o\
INNOVEREN & {)\; | VIaanderen
ONDERNEMEN \

Ministerium fur Wirtschaft, Innovation,
Digitalisierung und Energie
des Landes Nordrhein-Westfalen A

E-TEST is also co-funded by the own-fundings of all Partners:

u LIEGE  Z Fraunhofer

université
ILT

UNIVERSITAT" NMWPI

The Innovation Engineers.

I

44

UHASSELT m Niklhef

A4 Koninklijk Nederlands
Meteorologisch Instituut
Ministerie van Infrastructuur en Waterstaat

= fa F-TEST B e

P2 Maastricht University ¥ UCLouvain

iiterreg
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W) LIEGE

~ Fraunhofer

E-TEST partners

'l UCLouvadain

ILT

NMWP.

The Innovation Engineers.

= fa F-TEST B e

UNIVERSITAT

% Maastricht University

M Koninklijk Nederlands
Meteorologisch Instituut
Ministerie van Infrastructuur en Waterstaat

Nik|hef

iiterreg

Euregio Meuse-Rhine
European Regional Developmen t Fund
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\ JE_TES Einstein Telescope

EMR Site & Technology

Thank you for
your attention
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