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Introduction

Over the past years, the society has
become increasingly aware that geo-
logical data contribute to many as-
pects of daily life. For example: the
security of supply (e.g. energy, water,
mineral resources, building material),
civil protection, infrastructure, waste
disposal, public health, culture, civil
engineering as well as design and arts
all require geological data to some de-
gree. The Swiss Geological Survey
(SGS) has been working on the com-
pletion and harmonization of its
datasets for several years now in or-
der to provide for the requirements
above. The efficient and productive
usage of geological data not only ne-
cessitates their harmonized descrip-
tion, but also an easy way to provide
and access the data. Specialists of all
disciplines and the public need to be
able to easily access and combine
geological data (maps, cross-sections,
3D models and corresponding input
data such as wells, seismics, etc.) and
information (conditioned data) with
information not originating in earth
sciences (e.g. engineering, environ-
mental, economics) to generate data
compilations specific to their tasks
and questions. The SGS aims to en-
able interdisciplinary collaboration in
order to increase the usability of geo-
logical data. The introduction of 3D
geological models added complexity
to the product range and increased the
number of datasets available. Their
importance has changed dramatically
over the years. Today they are one of

the core instruments for many pur-
poses and come to use in project
planning, permitting, surveillance,
etc. For the SGS 3D geological mod-
els form the core to achieving the vi-
sion outlined above and will play a
key role in its future strategic direc-
tion.

Organizational Structure
and Business Model

The SGS is a division of the Federal
Office of Topography, swisstopo, un-
der the auspice of the Ministry of De-
fense, Civil Protection and Sports.
Currently 42 staff members work at
the survey (incl. interns and adminis-
trative staff). The Swiss government
funds 80% of its budget and third par-
ties contribute the remaining 20% by
research projects or service contracts.

Geological Mapping and Mineral Re-
sources, Data Management and
Geoenergy, Rock Laboratory and
Deep Waste Repositories form the
three branches of the SGS and a small
staff group supports the director of
the survey. All three branches have
3D modelling specialists assigned
with specific tasks related to the divi-
sion’s core topics (mineral resources,
geoenergy, and research, respec-
tively).

Three-dimensional models related to
mineral resources and geoenergy are
available for our clients, whereas
models covering aspects of the re-
search for deep waste repositories
stay within SGS. The SGS does not

charge for the utilization of its 3D
models. Parallel to the current Open
Government Data discussion, the SGS
is investigating the commercialization
of parts of its business towards a
“freemium” approach: while basic
data remain free of charge, there will
be a fee for advanced tools and ser-
vices.

Overview of 3D
Modelling Activities

Modelling activities at the SGS cover
the following activities:

Unconsolidated sediments: Model-
ling of the unconsolidated sediments
covers the volume between topogra-
phy and bedrock. Several block mod-
els with different resolutions (Block
size xyz, from 10 × 10 × 1 m to 50 ×
50 × 2 m) were developed for differ-
ent areas (5 – 400 km2), now incorpo-
rating parameters such as lithostratig-
raphy, hydraulic conductivity and
resource quality (Figure 1). Various
maps (e.g. ground foundation class,
groundwater vulnerability or ground-
water volume maps) can be derived
from those models by including fur-
ther topic-specific data.

Consolidated sediments: Models of
the consolidated sediments start be-
low the rockhead and include the Ce-
nozoic and Mesozoic sediments and
in some areas Paleozoic troughs and
their infill. Currently three models of
the Swiss Midlands (½ of the coun-
try) are available. Two are typical
layer cake models (high and low-res-
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olution) incl. fault zones (Figure 2);
the third, derived from the low-reso-
lution layer cake model, hosts temper-
ature data.

Numerical Hydrodynamic (HM)

Modelling: In the framework of the
extension of the Mont Terri rock labo-
ratory, the SGS has decided to in-
crease its own knowledge of numeri-
cal modelling, especially in the field

of hydromechanical-coupled pro-
cesses. There are four basic
objectives:

• modelling of hydraulic and me-
chanical processes in geological
formations such as weakly perme-
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Figure 1. Block models of the greater Geneva area: A) geology, B) hydraulic conductivity [red = low, blue = high].

Figure 2. Portion of the GeoMol17 model as seen from the NW (VE 1.5) and the deepest well used in the model: Thun-1
(GR-log in green) with a TD of 4836 mbsl. Surface geology merged with topography forms the top-most layer. The Alps are
beyond the model boundary and appear in white.



able argillaceous formations and
also highly permeable Quaternary
deposits,

• calculation of the design and scope
of planned experiments in the rock
laboratory,

• prediction of flow and transport
processes that are coupled with
rock-mechanical processes, and

• parameter estimation on different
scales.

While focusing on the application in-
stead of developing modelling codes,
the SGS envisages the formation of
an expert network consisting of uni-
versities and specialized companies
(Figure 3).

Resources Allocated to
3D Modelling Activities

Total financial resources allocated to
3D geological modelling amount to
approximately CHF 1.5 million. This
includes 10 staff members directly
seconded to 3D modelling activities
and their supervisors (6.0 Full-Time-
Equivalents) and any service con-
tracts with external contractors.

Overview of Regional
Geological Setting

The geological subdivision of Swit-
zerland accounts for macro-scale
morphological expressions (Jura
Mountains, Molasse Basin, and Alps)
as well as for geological-tectonic
complexity (Pfiffner, 2008; Figure 4).

Tectonics: The Alps result from the
discontinuous collision of the Euro-
pean and the Adriatic plate.
Compressional and extensional tec-
tonic phases interchanged in steps
lasting several millions of years each.
The Alps formed during the Cenozoic
by “thin-skinned” tectonics resulting
in nappe-stacks related to up doming
of the entire tectonic sequences.
Many of these nappes consist of Me-
sozoic-Cenozoic sediments, while
crystalline rocks form others. A sub-
division into Helvetic, Penninic,
Southern and Eastern Alps is based

on the formation of the Mesozoic sed-
iments. Within the Alps, other
structural types exists, such as “base-
ment-involved thin-skinned” move-
ments in the more internal (Penninic)
and the “thick-skinned” styled exter-
nal massifs (Aar massif, Gotthard
massif; Figure 5). In the latter case,
the pre-Triassic crystalline basement
forms a crustal-scale anti-form with
an amplitude of several kilometers
(Figure 5). The formation of the Alps
subsequently progressed into their Al-
pine foreland (32-12 my). A “thin-
skinned” tectonic style characterizes
the Molasse Basin as the sediments
were sheared from their basement
(pre-Triassic crystalline and
permocarboniferous sediments). The
basin is subdivided into three regions:
1) The subalpine Molasse (thrust-belt
that was thrusted below the Alpine
nappes); 2) undeformed Molasse (dif-
ferent tectonics in the western and the
eastern part and steeply oriented to-
wards the subalpine Molasse); and
3) the sub-Jurassic Molasse (charac-
terized by several narrow-spaced
anticlines). While the western part as
well as parts of the central Molasse
Basin were thrusted northwards and
were deformed on a regional scale,
the eastern part shows only weak or
even absent deformation. As one of
the youngest events (5-10 my), the
Jura Mountains formed as a direct

consequence of the Alpine orogeny
(Figure 5). The sediments in the Pla-
teau Jura are more-or-less horizontal,
but dissected by narrow-spaced N-S
fault zones. The former are still lo-
cated on top of their pre-Triassic
basement. On the contrary, in the
Folded Jura, the sediments are de-
tached from their substrate by a “thin-
skinned” style. The detachment hori-
zons were located within the
evaporites of the older and middle
Triassic. Transport direction was
northbound and the transport distance
increases from 0 km in the eastern
Jura Mts. and reaches 15-20 km in the
western Jura Mts. Landmasses are
still moving on a measurable scale.
However, the horizontal shortening is
now restricted to the Po Plain in
Northern Italy (Pfiffner, 2008).

Rocks: The pre-Triassic basement
consists of polymetamorphic gneiss-
es, amphibolites, migmatites and
schists (the so-called Altkristallin) in-
truded by late- to post-Variscan intru-
sive rocks and young Paleozoic vol-
canic rocks. Seismic data and deep
wells have revealed Paleozoic troughs
within the basement below the
Molasse Basin and similar Grabens
with siliciclastic infill crop out in the
Alps. Below the Jura Mountains and
the Cenozoic of the Molasse Basin
(European continental margin),

AER/AGS Special Report 112 • 251

Figure 3. Strategy of numerical modelling at Swiss Geological Survey.



mainly shallow marine and some
coastal deposits ranging from Triassic
evaporates to Jurassic platform car-
bonates and shales dominate the
stratigraphic record. In the Helvetic
nappes, the complete Mesozoic stack
is composed of epicontinental carbon-
ates, gradually grading into shales to-
wards the platform margin.
Siliciclastics deposited in four alter-
nating sequences of marine and fresh-
water environments in the basin form-
ing north of the alpine orogeny
dominate the Cenozoic sedimentary
stack. The Penninic nappes (Alpine
Tethys) is divided in to three zones:

• Valais Zone (very thick Jurassic
and Cretaceous turbidites and up-
per Cretaceous to lower Eocene
schistose, arenitic and conglomer-
atic deep marine clastics overlying
epicontinental Triassic rocks),

• Briançonnais Zone (carbonates of
Triassic to early Cretaceous age,

Jurassic breccias and upper Creta-
ceous and Paleogene pelagic and
turbiditic sediments),

• Piemont Zone (ophiolithic se-
quences overlain by pelagic to
hemipelagic Jurassic and Creta-
ceous sediments, e.g. radiolarites,
limestones and marls)

In the Southern and Eastern Alps
(Adriatic continental margin), Jurassic
breccias follow on top of thick series
of Triassic carbonates and evaporates.
The latter are covered by pelagic to
hemipelagic series of Jurassic and
lower Cretaceous age. Younger sedi-
ments are predominantly abundant in
the Southern Alps, where turbiditic
sequences of the upper Cretaceous
(Flysch) and deep marine clastics of
the Oligocene (Pfiffner, 2008).

Unconsolidated sediments of the Qua-
ternary cover significant parts of
Switzerland. They are the product of

various erosion, transport and deposi-
tion processes (glaciers, water, and
wind) and the composition varies
largely in its lateral and vertical ex-
tent. The thickness ranges from few
to several hundreds of meters and
may reach up to a thousand meters in
the main Alpine valleys. Areas cov-
ered with Quaternary sediments are
the preferred settlement, industrial
and cultivation zones in Switzerland,
due to their predominantly flat to
slightly inclined topography. In addi-
tion, these areas accommodate a large
proportion of existing underground
uses and subsequent usage conflicts.

Data Sources

Only a minor portion of the data that
flows into 3D geological models has
been acquired by the SGS itself and it
therefore relies on data provided by
third parties. This includes seismics,
boreholes and to some extent even
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Figure 4. Tectonic overview map of Switzerland.



cross sections and maps. These
datasets are of varying age, quality,
and resolution as well as having been
acquired for different purposes. The
age of the input data often reflects
different interpretations and the geo-
logical knowledge of a certain time,
and the spatial precision of these
datasets is often below modern stan-
dards. While data is very abundant in
the shallow subsurface (annual in-
crease is about 10,000 boreholes/
year), the situation is very different in
the deep subsurface. There are only
around 200 wells deeper than 500 m
available, many of them with re-
stricted access privileges. Two private
companies own most of the
geophysical data and access and
usage is partially restricted.

Switzerland is a directional federal re-
public, consisting of 26 cantons. The
subsurface is under jurisdiction by the
cantons, resulting in 26 different
subsurface legislations and heteroge-
neous accessibility policies. Conse-
quently, there is no obligation for a
homogeneous nationwide data de-
scription. A further complication is
that intellectual property rights, busi-
ness or industrial secrets might pro-
tect parts of the geological data.
Briefly put, there are many issues in-
fluencing the accessibility, data qual-
ity and publication restrictions due to
the absence of a nationwide
legislation.

To overcome these issues, the SGS
negotiates usage and publication of
data with each individual data owner.
In addition to this, time consuming

preparation, data verification, data
QC and data harmonization uses up a
significant portion (20-50%) of the
staff effort during geological
modelling project.

3D Modelling Approach

The SGS uses three modelling ap-
proaches: geostatistical, explicit and
numerical modelling. For all ap-
proaches, data is acquired, quality
controlled, transformed (if needed),
harmonized, classified and inter-
preted. Modelling starts only after the
input data have passed the condition-
ing and QC workflows successfully.

Unconsolidated sediments: Models
of the unconsolidated sediments are
computed with geostatistical methods,
based on boreholes, surface maps and
cross sections. It is important that the
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Figure 5. Cross section through Eastern (above) and Western (below) Switzerland, showing the location of the tectonic units
and the different tectonic styles mentioned in the text.



input data used are uniformly classi-
fied and harmonized. The choice of
geostatistical method, cell size and
other model parameters depends on
various criteria, such as the parameter
to be modelled, the extent of the
model, the complexity of the uncon-
solidated rock geology and the distri-
bution of the input data. For the vali-
dation of the realized 3D models
different checks are performed: visual
checks, variogram analysis and cross
validation.

Annually a large amount of new input
data is generated in the shallow
subsurface, which is why it is of the
utmost importance to automate as
many steps in the workflow as
possible.

Automation ensures the models are
up-to-date and their development is
traceable. The automated steps of the
modelling workflow are colored yel-
low in Figure 6.

Consolidated sediments: The con-
solidated deposits of the deeper
subsurface are modelled using ex-
plicit methods. Typical input data are
seismic interpretations, wells, cross
sections and geological maps. Human
factors like education, knowledge and
experience of the modellers may bias
the model development. This rises the
necessity of standardized data man-
agement and procedures, and if possi-
ble, easily reproducible automated
procedures and workflows (Figure 7).

Data coverage maps (Figure 8) de-
scribe the data type (seismic, wells,
section and map) available for each
horizon in a model. While these maps
do not convey the certainty of the
model, they do give a very clear indi-
cation of which kind of data contrib-
uted to each horizon and what the
density of data is in a given area of
the model. Based on the information
retrieved from the data coverage
maps, a user can quickly recognize
the areas based on algorithms and ar-
eas based on measured data, such as
wells.

Deriving secondary products is possi-
ble from both types of models. In the
model-type used for unconsolidated
sediments, (semi-)automated
workflows result in 2D and 3D prod-
ucts, such as maps showing the soil
classification, groundwater volume,
groundwater vulnerability or the vol-
umes and quality of mineral re-
sources, respectively (Figure 9). Mod-
els derived from the type used for
consolidated sediments include the
rock-head model (manual borehole
correlation) or the all-new tempera-
ture model of the Swiss Midlands
(Figure 10; developed further by fol-
lowing geostatistical approaches).

Numerical models: Currently
swisstopo deploys two codes for nu-
merical hydromechanical modelling at
Mont Terri. The commercial code
FLAC3D6.0 by Itasca is used for
large-scale simulations of the entire
rock laboratory, including geological

heterogeneity and topography, with
all the lab’s extension stages over
time. These calculations allow us to
simulate the large-scale behavior of
the rock laboratory by using different
built-in constitutive laws, e.g. simple
elastic or more complex relations in-
cluding strain-hardening/softening for
improved pre- and post-failure predic-
tion. The second code we deploy is
Code_Aster, which was developed by
EDF (Éléctricité de France). In the
framework of a PhD thesis (at the
Federal Institute of Technology
Lausanne), a custom-made constitu-
tive law called APD that combines
anisotropic plasticity with damage
was developed (Parisio 2016, Parisio
et al. 2018) for hydro-mechanical
(HM) modelling with Opalinus Clay.
This modelling procedure was suc-
cessfully validated on a sequential ex-
cavation of a 50 m-long tunnel in the
shaly facies. Recently the code was
optimized for parallel computing and
adapted for the 2D heterogeneous
case.

Large-scale numerical modelling

(rock lab scale): The kilometer-scale
heterogeneous model of the Mont
Terri rock laboratory includes the 100
m thick Opalinus Clay, dipping with
45 degrees to the southeast, in a depth
of 300 m below surface. On top of the
Opalinus Clay lies the Passwang For-
mation consisting of limestones and
marls, and below lies the Staffelegg
Formation consisting of marls (Fig-
ure 11a). We carried out the excava-
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Figure 6. Modelling workflow: from raw data to block models and post-products.



tion in the model sequentially with
four main excavation stages (1988,
1998, 2008, and 2018), leading to a
better understanding of large-scale
deformation and pore-pressure
changes. It also helped to evaluate the
influence of topography on the in-situ
stress state at rock laboratory level.

Modelling results are shown in Fig-
ure 11b, indicating a significant pore-
water pressure decrease (blue areas
around galleries in Figure 11b). Be-
cause of the different rock mass
deformability, displacement magni-
tudes are highest within the shaly fa-
cies of the Opalinus Clay, intermedi-
ate within the sandy facies, and
lowest within the overlying and un-
derlying limestone formations. Due to
changes in topography, slightly lower
vertical stresses are obtained in the
southern part of the rock laboratory.

Predictive modelling of the MB-A

mine-by test in sandy facies (niche

scale): A 10 to 100 m-scale model
was elaborated to predict the hydro-
mechanical behavior of the rock mass
during a mine-by experiment. The
highly instrumented target section is
shown in Figure 12. The modelling
sequence includes the pre-excavation
of the two niches dedicated to instru-
mentation at the end of the 30 m-long
mine-by section, the excavation of
20 m gallery before the mine-by sec-
tion, a 15-day sequential excavation
of a 30 m mine-by section (planned to
be carried out in May 2019). We ap-
plied two approaches, both using
Code_Aster.

First, we used a simple 3D-elastic ap-
proach that included anisotropy and
heterogeneity of the rock mass. The
input parameter set is based on data
from Jaeggi and Bossart (2014). Our
focus was the highly instrumented tar-

get section in the middle of the MB-A
tunnel. The results of our model pre-
dict overpressures along bedding im-
mediately at the initiation of excava-
tion and a pressure decrease vertical
to bedding that results in a long-term
pressure decrease parallel to bedding
(Figure 13). Modelled pressures at in-
strumented boreholes rise from
2.0 MPa to 2.8 MPa just before exca-
vation and drop to 1.2 MPa after ex-
cavation. Deformation within the rock
mass at distances >3 m from the tun-
nel are in the mm-range, which seems
to be reasonable for sandy facies.
Modelled tunnel convergences are in
the range of 10 mm and are compara-
ble to existing monitoring data.

Second, we applied a two-dimen-
sional approach taking into account
Anisotropy, Plasticity and Damage
(APD). Results from these 2D APD
runs show a reduced plasticity, volu-
metric dilation-induced pore pressure
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Figure 7. The basic workflow developed for the 3D geological models of the deep subsurface. Much of the data used to
complete the models (deep wells, seismic, gravimetry) did not come to use at the SGS prior to 3D modelling. This step for-
ward in digital geology required the development of new protocols, procedures and QA steps.
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with an enhanced hydromechanical
effect along bedding (Figure 14). Ver-
tical and lateral displacements are
about 20 mm at time step 67.5 days
after excavation, which leads to total
convergences in the order of 40 mm.
At the same time, stress-induced dam-
age extends about 2 m into the rock
mass along bedding.

Finally, both model approaches will
be calibrated with the effectively
measured mechanical and hydraulic
measurements, and serve then for
more reliable predictions of the rock
mass behavior.

Clients

While regulators (permitting, moni-
toring) and project planners (energy,
water, mineral resources, civil engi-
neering) are the primary users of our
models, research, commerce and in-
dustry also use them models for their
purposes. As explained earlier, the
SGS is reliant on the cooperation with
its clients, as most of them are also
data providers at the same time.

Model development mentioned below
in the “Jurisdictional-Scale Case
Study” section was possible only, due
to a very close collaboration between
several administrative bodies,
research institutes and industry.

The SGS uses the Geosciences in
Space and Time (GST) software
framework for the publication of the
layer cake and block models over the
internet. It allows a browser-inde-
pendent visualization of 3D models
without the need of a browser plug-
in. GST is based on a three-dimen-
sional data storage, relies on OGC
standards and supports several rela-
tional database management systems
(e.g. Gabriel et al., 2011; Le et al.,
2013) and Refer to GeoMol Team
(2015) and Landesgeologie (2017) for
technical and functional basics.

All the models published are avail-
able in a 3D viewer at https://
viewer.geomol.ch. There is no direct
support by SGS staff for the usage of
the models. The website provides
multi-lingual access and the data vi-

sualization is directly fed by the 3D
database. The user can also extract
cross-sections, depth slices and vir-
tual boreholes from any location
within the layer cake and block
models.

Available models can be ordered free
of charge in the most common 3D
formats (ASCII, DXF, Move and
GoCAD) as well as in ESRI (Grid,
SHP). Continuing and use of regular
updates regarding content (e.g. new
parameters), geographical extension
or corrections should encourage the
continuing usage of the model.

Recent Jurisdictional-
Scale Case Study
Showcasing Application
of 3D Models

The Swiss Plateau (or North Alpine
foreland basin in geological terms) is
a place of work and residence for
more than half the population of
Switzerland, thus subjecting the re-
gion to intensive land use. On the one
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Figure 11. Large-scale modeling of the Mont Terri rock laboratory, a) model geometry including the most important bounding
surfaces and the rock laboratory (horizontal black bar), b) pore-pressure distribution at rock lab level 10 years after excava-
tion of Ga18.
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hand, there is a high demand for re-
sources such as rocks and soils as
well as groundwater and geothermal
energy. On the other hand, those re-
sponsible for private and public infra-
structure (public transport, roads,
geoenergy) are increasingly involved
in planning in the same areas. The de-
velopment of these geopotentials and
the sustainable management of the fi-
nite resource of subsurface space has
social, political, economic and
geoscientific relevance.

A low-resolution 3D geological
model of the Swiss Molasse Basin
(GeoMol 15) was produced as part of
the project “GeoMol – Assessing
subsurface potentials of the Alpine
Foreland Basins for sustainable plan-
ning and use of natural resources”
(2012 – 2015), within the framework
of the EU’s “INTERREG IV B Al-
pine Space” program (GeoMol Team,
2015. Recently the SGS produced a
more detailed 3D geological model
(GeoMol 17) of the same region in a
separate sub-project (Landesgeologie,
2017). The results of GeoMol denote
the first steps in systematically de-
scribing and visualizing Switzerland’s
subsurface. For the first time ever in
Switzerland, the SGS published a ju-
risdictional-scale 3D geological
model that is available at no costs and
accessible to the wider public. The

GeoMol project thus makes an active
contribution to the sustainable
management of the subsurface.

Current Challenges

Several years ago, the SGS recog-
nized the necessity of developing 3D
modelling expertise as well as funda-
mentals in managing geological data
in the digital age. This eventually led
to the formation of a small modelling
group made up of earth scientists with
various backgrounds. Over the last
five years, this group has evolved into
a highly specialized team, which pro-
duced several 3D geological models.
Following these successes, we will
address challenges related to techno-
logical, work force, financial, and
conceptual issues.

• Organization: The form of govern-
ment (federal administration plus
26 cantons), the absence of a na-
tionwide legislation regarding the
subsurface, the necessity to gener-
ally coordinate activities between
all these independent, but however
interdependent institutions, the
partly unwillingness to share
(meta-)data (even to a minimum
extent) of the right owners and the
(partly) not up-to-date understand-
ing of current and future chal-
lenges regarding the subsurface

impede jurisdiction wide, coordi-
nated and effective modelling
activities.

• Bureaucracy: A constantly increas-
ing number of regulatory require-
ments in legal, financial, techno-
logical and organizational terms at
the federal level hinder and endan-
ger the forward-looking and real-
time development of adequate
frameworks for future activities.

• Technology: Technology continu-
ously advances and directly chal-
lenges the way 3D geological
models are developed, stored and
published.

• Work force: According to political
requirements, federal staff (incl.
SGS) is limited, with new staff
only available exceptionally or if
funded by third parties. Therefore,
the SGS contracts out parts of its
modelling activities and collabo-
rates with partners from the ad-
ministration, industry and acade-
mia to push forward the Swiss 3D
geological mapping program.

• Finances: Service-related finances
have not been the limiting factor
over the past few years. However,
budget cuts may strike at any time.
As any other governmental organi-
zation unit, the SGS follows the
annual budgetary cycles, which
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Figure 14. 2D APD (anisotropic plasticity coupled with damage) – pore pressure distribution, displacement and damage at
TM37, 67.5 days after excavation.



hinders on reliable and much re-
quested forward planning.

• Concepts: New data and modelling
approaches require an adaptation
of methodologies, workflows and,
consequently, of modelling con-
cepts. As this topic is complex as
well as time consuming, it proba-
bly does not receive the attention
it deserves.

Building Information Modelling

(BIM): Additional challenges and op-
portunities will arise with the advance
of BIM into applied earth sciences. In
Switzerland, efforts to combine BIM
with subsurface models began in
2016 and have continued since. In a
joint research project between the
SGS, the Swiss Cadastral Survey and
the University of Applied Sciences of
Geneva, the partners investigated the

mutual dependencies of both ap-
proaches in a detailed 3D subsurface
model of the city of Geneva (Fig-
ure 15). It became evident that the in-
tegration of geological data and mod-
els into the BIM process requires a
high degree of standardization.

Model updates: Further challenges
arise when attempting to combine 3D
geological models of different resolu-
tions. An excellent case study is the
regional scale GeoMol 17 model,
which is being updated by integrating
a local-scale 3D geological model
originating from a 3D seismic survey
(Figure 16). Different resolutions and
concepts converge in this type of up-
date and have to be adjusted in order
to fit together. The SGS will be con-
fronted with this type of update as the
Swiss Confederation is subsidizing

subsurface exploration in order to re-
alize the requirements set for
renewable energies. Data gained from
these exploration campaigns will be
made available to the federation and
allow the SGS to continue updating
the GeoMol models with modern
data.

Lessons Learned

To date, Private-Public-Partnerships
(PPP) between regulators, industry
and academia form the foundation for
all the models produced by the SGS.

The essential lessons learned are:

• The regular discussion and ex-
change with an independent re-
view board is highly recom-
mended. First, the modelling team
retrieves external advice on its
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Figure 15. 3D view of building information and geological data within the Geneva model perimeter.



modelling work and products. Sec-
ond, it required to formulate and
present its knowledge, progress
and technical approach on a regu-
lar basis. Third, the team can es-
tablish a network and personal
contacts with the experts.

• Data management must be a man-
datory part of the project organiza-
tion. Data acquisition, harmoniza-
tion and storage is very time
consuming and must be either part
of the project work in close collab-
oration with the data management
team or be done by the data man-
agement team itself. A retroactive
pushback of project data is usually
out of scope of the data-manage-
ment-team capabilities and out of
interest of the project team.

Regarding a PPP, the SGS emphasizes
the following lessons learned:

• The collaboration between differ-
ent project partners is an opportu-
nity (e.g. exchange of knowledge
and methodologies) and a chal-
lenge (e.g. the coordination of dif-
ferent approaches regarding time
and methods) at the same time.

• The usage of different software
packages may result in difficulties
when it comes to data exchange.
Overcoming these difficulties is
possible by using the same data
formats and attributes.

• The choice of methodology may
cause problems when it comes to
merging parts of the models.

• Contracts need to be unambiguous
in terms of ownership, intellectual
property, timelines, milestones,
form and formats of the deliver-
ables and input data required.

• The work of the project partners
needs to be coordinated in terms
of timelines, stratigraphy and
methodologies.

Next Steps

Models of the unconsolidated and
consolidated sediments: The next big
step is devoted to the validation of the
geostatistical and explicit models of
the SGS. The goal is not only to es-
tablish milestones for quality control
along the modelling workflow, but
also to define minimum and advanced

requirements and parameters for
quality assessment.

Regarding numerical modelling, the
SGS began with simple hydro-me-
chanical models and applied these
with different codes. One of the codes
(ASTER) was further developed to
treat APD cases to consider Aniso-
tropy, Plasticity, and Damage. To-
gether with our specialist network,
our combined knowledge is on such a
level that we can extend our skills to
cover further processes, and even to
enter new modelling fields such as:

• incorporating reactive transport
into the flow and transport pro-
cesses,

• modelling heat transport in the
framework of the Swiss Energy
Strategy 2050, and

• modelling CO2 hydro-mechanical
processes in relation of caprock in-
tegrity (claystones).

Scale is important for all these sub-
jects. We will start at a course scale
(GeoMol) and refine the heterogene-
ity and processes down to the small
scale. Private companies can then also
use these models.
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Figure 16. Grid depicting the difference in depth between a Triassic horizon from GeoMol17
model and its equivalent from a high-resolution model based on a 3D seismic survey. Towards
the top-right, the seismic signal deteriorates within the 3D survey, probably contributing to the
difference between the grids. Other discrepancy sources are, of course, the velocity models and
poor data areas between faults (blue area).



The work on BIM will continue. A
joint collaboration between the SGS,
the professional association of Swiss
geologist CHGeol and the University
of Applied Sciences of North-Western
Switzerland FHNW aims at imple-
menting BIM and geology in a ap-
plied research project starting in
2020.

In early 2018, the SGS started a na-
tional 3D geological mapping pro-
gram, called the “National Geological
Model” (NGM). For the next eight
years, the SGS envisages a compre-
hensive coverage of entire Switzer-
land with integrated, harmonized and
multi-dimensional geological data in
different resolutions. To achieve that
goal, all production activities from
maps to models will be synchronized
with respect to methodologies and
data description based on data mod-
els. Besides that, the SGS comple-
ments the existing modelling activi-
ties mentioned above (mainly in the
Swiss Midlands) with 3D models also
covering the Jura Mountains and the
Swiss Alps. These models will be
data driven, i.e. only existing data
will be used for their development
(e.g. maps, sections, boreholes,
seismics).

After having achieved a high level of
performance and knowledge in 3D
geological modelling during the past
few years, the NGM also serves to
shift the focus from data production
to integrated data dissemination and
utilization. Therefore, and in parallel
to data production, an internet-based
3D viewer available to the public will
be established that allows the visual-
ization, analysis and processing of
geological data of different sources.
Online geological 3D modelling is
under consideration and remains re-
served. For our organization, three-di-
mensional models will be the enablers
and drivers of the digital transforma-
tion. Maps and models will still be
our main activities. However, in the
near future, data-driven or IT services
requested by our partners based on
both these products will catch up with
them in terms of importance for SGS.
Therefore, the SGS actively advances
the transition from “maps to models
to services”.
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