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) Managing the subsurface
Importance of 3D distribution of Quaternary deposits

Hydrogeology Geothermal Energy Geotechnics

Erdwarmesonden
50m - 300m Hier zirkuliert das Wasser
in einem geschlossenen
Kreislauf. Erdwarmesonden

Bundesamt fur Landestopografie swisstopo 30.11.2018 3
Landesgeologie



The GeoQuat project

Building a semi-automated infrastructure for Quaternary data
Standardization - Harmonization - 3D modelling - Derived products

" Birrfeld
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Gossauerfeld

Vierwaldstattersee
Oberes Aaretal
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The GeoQuat project

Building a semi-automated infrastructure for Quaternary data
Standardization - Harmonization - 3D modelling -> Derived products

Why Voxel Modelling?

Complexity

Heterogeneous structure of the Quaternary with lateral and vertical discontinuous
processes and complex geometries have to be modelled

Reproducibility
Input data as well as the creation of the 3D model can be documented to allow
reproduction ( e.g., algorithms, anisotropies).

Update efficiency

New data has to be efficiently used to update /re-run the model (Canton Bern ca.
1000 new boreholes per year)

Volume models
Efficient calculation / generation of derived volume based products
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The GeoQuat project

Building a semi-automated infrastructure for Quaternary data
Standardization - Harmonization - 3D modelling - Derived products

Automation using FME (Feature Manipulation Engine by safe software)
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Visual display of data manipulation
Easy to document data manipulation
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0 Workflow and automation overview

f sof
GeoQuat workflow 3D voxel R, |
. Excel FME
modeling = |
| Arcmap 1 Arcscene | ‘ SATIS
Heterogeneous data. Digitization to 2D Standardization and Basic data checks Conversion to 3D Harmonization check. Storage of input data Data preparation for ISATIS 3D voxel Storage of 3D voxel Post-product
Various formats (pdf vector data of original harmonization of 2D vector data Conflicting data test. 1SATIS modelling models generation
efte.). input data vector data Reprocess if failed
Borehole Borehole
Dal
= e mm s ; . database —
Digitiza all QLG-datamodel Checks BH to 30 line | Ground
information Harmonize duplicate BH | (inclucing 9 | foundation
— | from BH igrapt * | and w2, emors Ip i | dlass maps
UsCs X |
.-\‘ Returns a list of G eo D I Geological ! ;
mismatches modeling | Resource
. | between BH top i ] | thickness maps
Map Data e Map database
. —— : L = databa —
Digitize map Harmos-datamo [Mapto3D | / e 3D vector data / \‘ / :
(geocover) del Harmonize polygons by g to points, e
= { *| using DEM) » |, | including .
% G I S resampling \ ¥
e [ Retums a listof | p : . | Parametric / T~ | Groundwater
| mismatches modeling G S ivulmralnllty
| between €S top | maps
Cross-section i unit and map | o na |
Dala | | ross-section |
Digitze all | | Harmos-datamo| | C5 103D | / ey -
information | del. Harmonize | plygons and Grounwater
— | form €S ‘ igraphy | lines » volume maps
Standardization and Data checks and 3D Voxel Post-
Harmonization vectorization modeling product
generation
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Heterogeneous input data

Borehole data
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Standardization and harmonization

- prerequisite for DB storage, automation and 3D modelling

Borehole Surface Geological Geophysical Other Base
Data mappings cross-sections data data

R R R R B
EO BL BD BO BO

WAVAVAVAV.
T ———

Storage of Inputdaten (QLG database)

Borehole DB  Map space Cross-sections Geophysical Qther Base

DB DB DB data
Standardization and Data checks and 3D Voxel Post-
Harmonization vectorization modeling product
generation
Bundesamt flr Landestopografie swisstopo 30.11.2018 9

Landesgeologie



Standardization and harmonization

- prerequisite for DB storage, automation and 3D modelling

Data ¢ mappings  cross-soctions data T quie e
N N N RN
NN TN T R NN
Pilot region No. boreholes Borehole length No. layers
Birrfeld 1'577 37'230
Visp 788 17'955
Aaretal 3'280 60'215
Vierwaldstattersee 741 15'423
Genf 615 11'240
St. Gallen 686 7'300
Total - 7'687 149'363
data

oo

Standardization and
Harmonization

19'830
11'674
36'275
8'120
7'143
2'170
85'212
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Vectorization and 3D data checks
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Data checks and 3D
vectorization

- Visualization in ArcScene

+ Automated mismatch list between

maps and cross-section and
boreholes

* Visual checks in 3D
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Voxel modelling in ISATIS

- GEOLOGICAL &
m VOXEL MODELING

4-99

Geological

Geological

Parametric
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3D Voxel Modelled Type Method
Models Parameter

Lithostratigraphy  Discrete Nearest Neighbour

Lithostratigraphy  Continuous  Sequential Geological
+ Discrete Probabilistic Modelling
(Indicator Kriging)

Hydraulic Continuous  Co-Kriging
conductivity

* Modelling runs are automated

Voxel
modeling
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Geological model

Parametric model

Examples of 3D models

Voxel
modeling
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3D models and post-products

Geology

|

Hydrogeology Geotechnics Geothermics
Geological interpretation

Raw Materials

Seismic Hazard

Determination / Estimation

Top bedrock (loose rock /
of hydraulic conductivity

of rock layers hard rock transition)

Determination / Estimation
of hydraulic conductivity /
capacity

Determination /
Estimation of gravel &

Determination / Estimation
of geotechnical &

sand quality hydrogeological parameters
= -
Geology Hydrogeology Geothermics Seismic Hazard
0 ":3,‘33:,2;'33{3’2“"': /‘ 3D Model of hydraulic BE Model / Map of Ground
3336520;4‘;!:::?| groundwater volumes Geotechnics conductivity / capacity Raw Materials Foundation Classification

3D Model of Top Bedock /
Alteration Zone

Standardization and

Data checks and 3D

3D Model of gravel &
sand volumes

Voxel Post-
Harmonization vectorization modeling product
generation
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Examples of post-products

Geological model

Formation
thickness ma

L B O
- Ground foundation
classification map

Parametric model

1260000

1250000

Groundwater
vulnerability

Very high
High

Medium

= 2655000 2660000 2665000
Standardization and Data checks and 3D Voxel Post-
Harmonization vectorization ' modeling product
generation
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0 Outlook

» Testing the developed data infrastructure and
workflows in in urban environment
—> pilot area Geneva
—> interaction with BIM data

e Optimizing the derived products in
collaboration with the cantons and other
partners
—> check different options to visualize and
analyse geological 3D data

 From project to process:
Implement the developed data infrastructure
and workflows in the SGS processes
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Thank you

GCGEOLOGICAL
VOXEL MODELING

STARTER KIT
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Standardization of data
- prerequisite for automation

Sondierungen Geophysikalische Untersuchungen
[
Baggerschlitze L . .
Bohrungen Schachtaufnahmen Seismik Geoelektrik Elektromagnetik
Rammsondierungen
Georadar Gravimetrie
Geologische | .| Wireline
Schichten | "| Daten ;

Geologische

Inlerp_n_atat!on * Profilschnitte Geologische Profilschnitte

(Klassifikation)
GEOlOQISCh = Oberflsdchengeologie
Karten (zB. GeoCover-Datensiitze)
| ! ! Weitere relevante Daten
In-Situ Proben Digitale Oberflachenmodelle Hydrogeologische Datren
Versuche Messstelle (Labor)
Digitales Hohenmodell Grundwasserspiegel-
v (DHM) Hohen
Messungen/ |
Analysen | Felstopo-Modell GW-/ Quell-
(GeoMaol) Schutzzonen
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Standardization of data
- prerequisite for automation

Sondierungen

Geophysikalische Untersuchungen

Baggerschlitze
Bohrungen Schachtaufnahmen Seismik Geoelektrik Elektromagnetik
Rammenndianinnaan ]
Pilot region No. Wells No. maps No. Cross-sections
Birrfeld 1'577 1 20 Gravimetrie
Visp 788 1
Aaretal 3'280 1
Vierwaldstattersee 741 1 0 . . .
Geologische Profilschnitte -
Genf 615 1 X
St. Gallen 686 1 0
GeOIOQISChe Oberflsdchengeologie
Karten (zB. GeoCover-Datensiitze)
| ! ! Weitere relevante Daten
In-Situ Proben Digitale Oberflachenmodelle Hydrogeologische Datren
Versuche Messstelle (Labor)
Digitales Hohenmodell Grundwasserspiegel-
v (DHM) Hohen
Messungen/ |
Analysen Felstopo-Modell GW-/ Quell-
(GeoMaol) Schutzzonen
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Preparing data for modelling

Borehole Cross-sections Geological Map
Data checks Conversion to points Conversion to points

Conversion to points Elevation added to
points

Caodification of modelled
parameter for ISATIS

Export from FME as

.Csv

hd
- Visualization in Move3D
e Automated conversion of all data to
points and prepared for ISATIS 3D
voxel modelling
Conversion .
to points
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