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1 Introduction

Petroleum systems modeling (PSM) encompasses the simulation of petroleum
generation, expulsion and migration during the evolution of sedimentary
basins [1, 2]. Since 1998 a new generation of 3D simulators has become
widely used in the petroleum E&P industry. The most important improve-
ments are related to refined multicomponent fluid flow models. Within these
migration models, accurate compositional and volumetrical phase predictions
of the fluid phases are essential (Fig. 1).

Each phase is composed of chemical components in equilibrium with other
phases. The main fluid migration properties such as density and viscosity
are directly controlled by the phase compositions. Fluid phases are exposed
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Figure 1: Multicomponent PVT Analysis

to strongly varying conditions in Petroleum Systems Modeling. Especially
during migration or during the subsidence of a reservoir, temperatures can
vary by more than 100°C and pressures by more than 50 MPa. Therefore
phase compositions can only be calculated with advanced methods and sim-
plifications are only possible within limited temperature and pressure ranges.

Petroleum migration is commonly modeled with coupled transport equa-
tions for different fluid phases or with approximations such as ray tracing
or percolation techniques [3, 4, 5] which are performed on a grid. Usually
it is necessary to calculate phase compositions in every gridcell which has
petroleum saturations at every timestep. Therefore phase compositions can
only be calculated with fast and reliable methods. These are now finally
replacing previously used coarse approximations which are still being used
inspite of the fact that PVT analysis methods have been well known for a
long time [6, 7).



2 Petroleum Systems Modeling

In PSM, forward modeling through geologic time is performed. The oldest
layer is deposited in the first timestep and the sequence of layers is con-
structed until the present day situation is reached. One of the simulation
tasks is the calculation of the temperatures which is necessary to calculate all
of the geochemical conversion reactions and determine the generated masses
of the petroleum components. Then pore pressures and flow amounts of
the geofluids are calculated in order to simulate the formation of petroleum
accumulations and their compositions.

Fig. 2 shows the main model classes or program modules (computer real-
ization of the model) performed during one forward simulation in each time
step for a complete analysis. Most of the presented models, parameters and
processes are closely interconnected. The basic models are the following:

Construction of the New Geometry

On the top of the model new material is added (deposition) or removed
(erosion). The thickness of inner layers can also be changed due to salt
deformation or the introduction of magmatic intrusions. The mesh of the
numerical cells is updated.

Pore Pressure and Compaction

A single phase fluid flow problem is solved for overpressure calculation and
compaction. The overburden deposition load causes compaction of the sed-
iments and overpressures can be generated in the pore fluid. Several frac-
turing mechanisms for the rock matrix and cementation processes are taken
into account.

Heat Flow Analysis

The transient heat flow equation contains heat conduction and convection
and takes heat sources due to radioactive decay into account. The thermal
boundary conditions are the sediment water interface temperature at the
top of the model and the paleo-heat flow at the bottom. Igneous intrusions
require the inclusion of thermal phase transitions in sediments.
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Figure 2: Petroleum Systems Modeling (PSM) Flowchart



