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Abstract

Nowadays, the centralization of subsurface-related observation is more and more common. Databases constituted of an ensemble
of geophysical, hydrological, or borehole measurement forms a unique source of information for subsurface hydro-geological
modeling. However, the increasing amount of data and the importance of being able to update the model when new data
becomes available creates a huge need for automatic workflow for such data integration, hopefully reeling on open-source
technology. Quaternary deposits are complex to model due to the high heterogeneity they present. Over the last 2.5 Ma,
multiple cycles of glacial and inter-glacial phases deposited complex intertwining of sedimentary pattern, with high contrast
in parameters (e.g. : permeability, porosity, nature of sediment) and space. Nevertheless, these deposits are some of the
most extensively used for water resources, shallow geothermal exploitation, or construction material exploitation. In this
study, we propose a new method based on a flipped stochastic joint inversion, and applied it on complex Quaternary deposits.
Geophysical, boreholes and hydrological observations are inverted together. Boreholes are used to generate stochastic geological
models, populated with parameters. The inversion tune the geological model in order to fit the field data. Our method allows
not only to integrate boreholes, geophysical and hydrological data, but also conceptual models, with a robust uncertainty
estimation. The method was applied on some areas of the Upper Aare Valley (Switzerland), a valley covered by more than
58’000 geophysical measurement points, 1’500 boreholes and 100 of hydrological observations. Our method showed promising
results in combining these data. Comparison with existing geological models proves that our automated method not only show
realistic underground structures, but also significantly improved the regional knowledge of the underground by combining all

the existing data, and will therefore lead to better decision making while being based on open-source technology.
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— In most countries, digitalization of data is growing.
(mandatory to send new boreholes data)
— Too much data to manually interpret them

— No uncertainty analysis
— The final model might be in disagreement with some field data

— Only boreholes based models can be associated o A
with high uncertainties in Quaternary Environments
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DATA

— What data do we usually have on
Site ?

— Described boreholes (usually
lithological)

— Pumping test, or groundwater
heads monitoring

— Geophysical data (seismic, DC,
EM, ...)

— Conceptual idea
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DATA

— What data do we usually have on

Site ?
— Described boreholes (usually
lithological :
0 ) How can we combine them
— Pumping te

heads mon  efficiently, with a robust error

— Geophysice estimation ?
EM, ...)

— Conceptual idea
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— We need to be able to give some kind of geological principles !

Databases of
ranges of physical
values

Stratigraphic Boreholes

Principles

ArchPy Geophysical data

N / / - ERT

- EM
- Gravimetry

Generation of a stochastic i
Inversion
model < >

K
Porosity
Other Physical Prop.

Hydrological data

- Levels
- Well tests
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Boreholes (unit 1. Computing units surface
| | mnta-:t] elevation

" GRFI | ERusmm
y(h)

Subunﬁs

Stratigraphic pile and Available interpolation methods are : Kriging (OK, SK),

interpolation Gaussian Random, function with (GRFl)/without (GRF)
method/parameters inequalities , basic splines and nearest neighbour and
(variograms (y(h)) soon Multiple Point Statistics (MPS).
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2. Filling units with associated

Boreholes (facies lithologies/facies (sand, clay, ...)

Databases of | cdlantact}i

ranges of physical M i ’ |

values |
+
ArchPy —

N E'I'

Generation of a stochastic

Stratigraphic

Principles

model Yk(h)
K
Porosity Facies relation to units and
Other Physical Prop. filling method/parameters  Filling operates only inside unit given the method
(Training images, indicator ~ used. The available ones are : MPS, Sequential
variograms (yk(h), etc.) Indicator Simulations (SIS),  Truncated

PluriGaussians (TPGs) and homogenous (-).
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3. Computing physical models (e.g.

Databases of
hydraulic conductivity)

Stra_tlg.raph|c ENFENeI Nl ]Jll hard data (property
Principles measurements)

values "

ArchPy -
+ =
=
Generation of a stochastic 8
model y(h)
K
Porosity o1
Other Physical Prop. ASS'%"'"Q Rgpety
and parameters The desired properties are simulated inside each facies
Va"°9rfam_s (y(h) to using GRFs or are simply set homogenous. Any number of
acies properties can be assigned.
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SUMMARY
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— Simplest stochastic inversion

Generate model Forward Likelihood

Generate random fake
conditioning boreholes, Keep Model Likelihood[n] < Likelihood[n-1]
sampled from the model

Random Rejection proportional
Reject Model to the metropolis quotient
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RESULTS OF THE SYNTHETIC Ui
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True Model Most probable model

5.0

It works ? Yes but...

The real statistical models are known
The TEM data are in their “best scenario”
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Water pumping well
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S b s, T R 4000 iterations
e % : A7 R % 5 Boreholes considered
JOTEOAL & . | . No flow model (yet)
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R N iR, S Y g Let’s have a look with
some real field data
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AMERIKAEGGE TEST SITE Ui

NECHATE
P(gravel) P(clay)
Based on 3000
iterations
P(sandy clay) P(sand)
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— Promising approach
— This methodology

— Directly integrates multiple data types, and generates models In
agreement with all of them

— Is agile and easy to update
— Publish them open source

— Complete benchmark
— Other stochastic inversion strategies
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