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Summary  

The focus of this study is to apply a forward stratigraphic modeling technique to derive realistic 
distribution of facies properties within a geological framework using a geological process modeling 
software (GPM) developed by Schlumberger. The methods in this study apply the principle of mass and 
energy conservation to simulate the build-up of geologic formations over a period. The conceptual 
formation of interest in this study comprises of a succession of sand-rich basin floor fans with alternating 
intervals of clay (mud) units (Hodgetts et. Al. 2004). 

Input parameters for simulating the turbidite fan deposits in GPM is based on previous work on 
submarine fan formations, which formed the basis for deriving initial basin conditions like topography, 
boundary extent and sediment mix source. Although associated with uncertainties related to initial 
boundary conditions, the outcome of the stratigraphic forward models showed a realistic characterization 
of facies patterns in the fan model. The resulting geological model also proved beneficial in generating 
representative petrophysical trends as well as reservoir heterogeneity in all directions of the model.  

 

Introduction 

The quest to achieve appropriate representation and distribution of subsurface parameters through a 
geological model has led to the introduction of new modeling techniques to augment existing methods in 
recent times (Seifert and Jensen, 2000). Reservoir heterogeneity have been estimated to trap up to 40% 
of moveable oil reserves (Tyler & Finley 1991), thus making reservoir heterogeneity a key subject of 
interest in geological modeling and simulation. A progressive approach to address this subject is to apply 
modeling techniques, which incorporate parameters of sedimentary processes into reservoir simulation 
(Pyrcz et Al, 2015). Sediment distribution and statistics derived from the simulation procedure could then 
be used by variogram-based approaches to undertake property modeling (Aas et Al, 2014). 

Typically, reliable geological models are derived using adequate hard data (e.g. core data) and soft data       
(e.g., seismic data), however in areas of limited or no data, attaining such reliable models become 
difficult. In such instances, conceptual geological models have been widely used to provide information 
on reservoir architecture and spatial distribution, but these conceptual models do not provide total 
information for the purpose of geostatistical reservoir modeling due to their two dimensional nature 
(Strebelle, 2001). 

Also known as a rule based technique (Pyrcz et Al, 2015), the forward stratigraphic modeling approach 
applies modified algorithms premised on fluid flow, mass and energy conservation to simulate the    
build-up of geological units in a constrained environment (Michael et Al, 2010). Facies properties 
generated through the process are then used as a reliable pattern image or “base data” to build robust 
geostatistical reservoir models.  
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The aim of this study is to apply a Geological Process Modeling tool (GPM) in Petrel to simulate the 
spatial distribution of facies and other petrophysical properties in a basin floor fan formation. The 
workflow used in the GPM simulation involved the derivation of an initial topography; on which unsteady 
flow and subsequent deposition of sediments occur, generate horizons and 3D grids from the GPM 
outputs, property modeling using geometries and heterogeneities from the forward model output. 
Although difficult in conditioning to known data (Sun et al, 2007), the goal of this study is to generate a 
good match between forward stratigraphic models and known subsurface data by using a combination of 
variogram based and multi point statistics techniques.  

 

Forward Model Theory & Methodology 

Geological processes that influence sediment migration and deposition are responsible for many aspects 
of property distribution and connectivity within a reservoir framework (Miller. et Al, 2008); hence, the 
importance of incorporating these processes into geological modeling. The guiding principle of the 
forward based approach is that: an accurate evaluation of the reservoir formation processes through 
multiple iterative simulations will create a better estimation of reservoir heterogeneity in all directions 
hence reducing the level of uncertainty in reservoir modeling. Forward modeling applies “trial and error” 
approach, which in turn increases the level of uncertainity in model outputs especially in areas of limited 
subsurface data (Huang et Al, 2015). The methodology applied in this study includes: 

 

Definition of reservoir framework 

Schlumberger’s GPM tool in the Petrel software was used to undertake ten unsteady flow simulations of 
turbidite events over a period (80000a to 50a) to attain a 3D model similar to the architecture of the 
formation of interest. Basin floor topography with dip angle between 0° to 0.02° was applied alternatively 
to serve as a depositional surface for the fan system. Based on previous work example; Hodgetts et Al 
(2004), input parameters like; paleo-current direction, sea level curves, sediment types and dimensions 
were derived for the geological process simulation. Desired stacking patterns, lobe geometries and 
spatial relationship of the litho-units were obtained through several calibrations of turbidite event interval 
and duration time. Figure 1  and Figure 2. 

 

Structural modeling 

A simple 50m x 50m 3D grid was generated to build various aspects of the model. Horizons derived from 
each turbidite event interval were applied to derive the structural framework of the layers and zones 
within the model. A layering scheme was assigned to the grid in order to attain appropriate stratigraphic 
intervals required for facies modeling. 

 

Facies modeling 

Facies properties were generated through a combination of lithology proportions, derived from previous 
work; Hodgetts et al (2004) and sediment proportions estimated from the geological process modeling 
output. A sequential indicator simulation algorithm was used in populating facies members and 
subsequent property model. Directional trend from each section of the simulated turbidite fan was 
incorporated in the facies modeling process in order to attain realistic facies lineation within the model. 
Figure 3. 

 

Petrophysical modeling 

Using the sequential indicator simulation, a porosity model was derived by incorporating initial porosity 
output from the GPM simulation and estimates from the available core and borehole data. Permeability 
models were built on a lognormal distribution function with similar primary and secondary anisotropy 
ranges to that applied in the porosity model in order to obtain an appropriate fluid mobility model. 
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Examples 

 
Figure 1 Sediment proportion distribution in the geological process model. 

 

 
Figure 2 Fan stacking pattern. i; water velocity, ii); Progradation (iii); Aggradation and (iv); Retrogrdation. 
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Figure 3 Facies distribution within the geological model using sequential indicator simulation algorithm.   
a) West to East cross section view of the basin floor fan unit. b) Fence diagram showing the distribution of 
facies within the model. Property distribution pattern within the model noted to be consistent with geologic 
architecture of basin floor fan geologic formations. 

Conclusions 

Forward stratigraphic modeling of geological formations provides an enhanced platform through which 
realistic three- dimensional facies models could be generated. Using the Geological Process Modeling tool 
(GPM) in Petrel to simulate sedimenatry processes resulted in a turbidite fan architecture consistent with 
the geological framework of basin floor fan systems.  

Combined with a sequential indicator simulation algorithm, facies and petrophysical property generated 
within the model was observed to be more representative especially along the major directional trend. 
Although associated with uncertainties like; initial boundary and topography conditions, the approach 
derived a realistic distribution of property heterogeneities. This simulation procedure provides a positive 
outlook for subsequent generation of reliable dynamic geological models. 
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