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Stratigraphic pile Geological cross section

Motivation

e Quaternary formations :
complex and hierarchical
relations

Figure 1 : Schematic representation of hirearchical relations. Erosion
horizon are marked by the blue sinusoidal line on the pile.

e Need a automated workflow

e Stochastic models for ;_ equantg poigt
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INPUTS
HARD DATA™ | STRATIGRAPHIC ||
(HD) PILE(SP)  [=n

ArchPy : Hierarchical procedure — =

DEFINE SIMULATION
GRID

Parameters,
methods

PROCESS HD

* Need to define a Stratigraphic Pile that

extract contact
contains all the methods and associated S
p a ra m ete rs Simulations
. . . . SIMULATE SURFACES
* Hierarchical simulation: CONDITIONALLY TO HD
. Apply stratigraphic and erosion
* Units rules
» Surface interpolation (Kriging, Gaussian Random 2
Functions (GRF), Multiple Points Statistics (MPS), DEFINE UNITS DOMAIN
ACCORDING TO SURFACES
« Hierarchical simulation of the units available v
° Fac|es FILL UNITS WITH FACIES |«
* Filling methods (Sequential Indicator Simulations ¢
(SIS), MPS, Truncated Plurigaussians (TPGs), etc.) SRR RAPErES
* Properties e
Save results and Modify SP and |
parameters for re-simulate at
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(B ArchPy Stratigraphic Pile
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Surfaces and units domains

e Results with exemple SP

[ ArchPy Stratigraphic Pile |
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INPUTS

HARD DATA STI RAPHIC
(HD) PILE (SP)

DEFINE SIMULATION
GRID
Parameters,

PROCESS HD methods

extract contact
points (x,y,z)

SIMULATE SURFACES
CONDITIONALLY TO HD

Apply stratigraphic and erosion
rules

DEFINE UNITS DOMAIN
ACCORDING TO SURFACES

FILL UNITS WITH FACIES

SIMULATE PROPERTIES
CONDITIONNALLY ON [«
EACH FACIES

Save results and Modify SP and
parameters for re-simulate at

other uses desired level
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Litho-facies

e Results with example SP
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DEFINE SIMULATION
GRID

Parameters,
methods

PROCESS HD
extract contact
points (xy,z)

Simulations
SIMULATE SURFACES
CONDITIONALLY TO HD

Apply stratigraphic and erosion
rules
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DEFINE UNITS DOMAIN
ACCORDING TO SURFACES

A

FILL UNITS WITH FACIES

. |
v

SIMULATE PROPERTIES
CONDITIONNALLY ON
EACH FACIES

A

Save results and Modify SP and
parameters for re-simulate at

other uses desired level
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Properties
" Final results with example SP
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Simulations
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Conclusion

* ArchPy is both an approach and a tool for
modeling Quaternary geology at different scales

* Flexible, versatile, and reproducible

e Can produce easily many models with little
inputs

OPEN ACCESS

Editnd by:
ey W,

* Outputs can serve as inputs to forward models _ ==
(Hydrogeological, geophysical, ...) =

Amitnid Linkmrsiy of
Tierzhrndogy, fan

e Vs,
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* It is open-source and freely available (still
actively in development):
e Github : https://github.com/randlab/ArchPy

* DOI : 10.3389/feart.2022.884075
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Automated Hierarchical 3D Modeling
of Quaternary Aquifers: The ArchPy
Approach

When modeling groundwater systems in Quatesnary formations, one of the first steps s to
construct a geclogical and petrophysical model, This is often cumbersome because it
requires multiple manual steps which include geophysical interpretation, construction of a
structural moded, and identfication of geostatistical model parameters, facies, and
property simulations. Those steps are often camied out using different software, which
makes the automation intractable or very difficult. A non-automated approach 5 fime-
consuming and makes the modd updating difficult when new data are available or when
some genlogical interpretations are modified. Furthermo e, conducting a cross-validation
procedure o assess the overall quality of the models and quantifying the joint stnacharal
and parameinc unceriainty are tedious. To address these isSues, we ropose 3 New
approach and a Python module, ArchPy, to automaticaly generate realistic geological and
parametar modets. Orne of its main features is thet the modeling operates in a hisrarchical
manner. The input data consist of a set of boehole dala and a straigraphic ple. The
siraligraphic pile describes how the model should be constructed formally and n oa
cornpact meanner. i contains tha kst ol the different stratigraphic units and ther order in the
jpikz, thesr conbormeability (eroded or onlap), the surace interpolation method (e.g., kriging,
sovuential Gassian simulation (365), and mulliple-pont. slatistics (MPS)), the filling
mizthod Tor the lithologies fe.g., MPS and seguential indicator sanulabon (SES), and the
petrophysical properties (e.g.. MPS and SGS). Then, the procedure is automatic. In a first
step, the stratigraphic unit boundaries are smulated. Second, they ane filed with
lithologiess, and finally, the petrophysical properties are simulated inside the lithologies.
Al these steps are siraightforwsrd and automated once the stratigraphic ple and its
refated parameters have been defined. Hence, this approach is extremaly flexible. The
automanion provides a framework o generate end-to-end stochastic modeis and then the
proposed method alkows for uncenainty quantification at any level and may be used for full

o ersion. In this work, ArchPy & illustrated using data from an alpine Quatemary aquifer in

the upper Aare plain (southeast of Bam, Switzerand).



https://github.com/randlab/ArchPy
https://doi.org/10.3389/feart.2022.884075
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