Towards High-Performance
Simulations of Groundwater Flow and
Permeability Distribution
Introduction and Project Motivation
We model water flow and permeability distribution to improve regional groundwater
management in a tectonically complex and highly heterogeneous study area: the
Hastenrather Graben located 15 km northeast of Aachen, Germany. The main aquifer is a
karstic carbonate layer which is likely in hydraulic contact with an overlying
unconsolidated sedimentary aquifer. Understanding and quantification of the regional
groundwater flow and groundwater budget requires knowledge of three-dimensional
subsurface geometries and rock property distributions. Yet, direct subsurface data are
rare and mostly one-dimensional. High-performance scientific computing is required for
stochastic parameter estimation and statistical ensemble analysis to overcome limitations
by lack of data and cope with the heterogeneity of the underground.

Data Acquisition and Subsurface Model
A three-dimensional subsurface model will provide
the base for numerical flow simulations and
inverse parameter estimations. Thus, geological
mapping and hydraulic and geophysical field tests
are required to yield information on subsurface
structures and properties, e.g.:
Pumping tests and tracer tests yield aquifer
permeabilities and flow paths
Electrical Resistivity Tomography (ERT) and
Seismic Refraction Tomography (SRT) yield
subsurface structures and groundwater surface
Geophysical borehole logging yields lithologic
compositions and porosities

Numerical Modeling with High Performance Computing
We employ high-performance computing to estimate permeability distribution and identify fluid pathways with the stochastic Monte Carlo and
Ensemble Kalman Filter approaches. Piezometer time series and tracer test data are analyzed by creation of an ensemble of hundreds to
thousands of equally likely realizations of the aquifer system and concurrent data assimilation. Subsequently, field-scale simulations will
address fracture and fault flow and possible hydraulic connections between different aquifers.
We use the finite difference code SHEMAT-Suite for simulation of flow through porous media, which is programmed for shared-memory
systems and proven to scale linearly with up to 96 parallel processors. In a further step, a hybrid parallel version of SHEMAT-Suite is
developed, which combines shared- and distributed-memory parallel programming. This hybrid version will allow to address over 1000 parallel
processors in the supercomputing environments at the Jülich Supercomputing Center and at RWTH Aachen University for performing the
ambitious numerical simulations.
The three-year project is funded by the Forschungszentrum Jülich and affiliated to the Centre for High-Performance
Scientific Computing in Terrestrial Systems (HPSC TerrSys), the centre for scientific code development and simulations in
the ABC/J Geoverbund. Research is performed in collaboration between two institutes of RWTH Aachen University.

Reference: Vogel, A., 2006: Geologie und Hydrogeologie im Umfeld der Wassergewinnung “Hastenrather Graben”. Diplomkartierung, RWTH Aachen University.

contact01@eonerc.rwth-aachen.de
contact02@eonerc.rwth-aachen.de

