
Stochastic Fault Network Simulation with Variable Connectivity: Application to a Compartmentalized Reservoir 

Affected by Large Structural Uncertainties* 
 

Charline Julio
1
, Florent Lallier

2
, and Guillaume Caumon

1 

 
Search and Discovery Article #41716 (2015)** 

Posted October 26, 2015 
 
*Adapted from oral presentation given at AAPG Annual Convention & Exhibition, Denver, Colorado, May 31-June 3, 2015 
**Datapages © 2015 Serial rights given by author. For all other rights contact author directly. 
 
1Georessources-ENSG, Université de Lorraine, Vandoeuvre-Les-Nancy, France (Guillaume.Caumon@univ-lorraine.fr) 
2Geoscience Research Center, Total E&P UK, Aberdeen, United Kingdom 
 

Abstract 

 
Several oil and gas domains raise 3D seismic imaging challenges or are only imaged with 2D seismic lines. In both cases the shape and the 
connectivity of faults is subject to uncertainties which may be consequential for the determination of migration paths, trap geometry and 
reservoir compartmentalization. Stochastic fault network simulation aims at generating a set of 3D structural models honoring prior structural 
concepts and conditioned by interpretations made from wells and seismic data. This set of models aims at sampling the uncertainty space 
related to the fault network geometry and connectivity (topology is variable from one realization to the next and emerges from the simulation 
process). We apply this stochastic approach to a highly-uncertain and complex fault network at reservoir scale. The used dataset is composed of 
several wells and 3D seismic data that poorly image the reservoir. We show how the tectonic history and the structural style can be conveyed to 
a stochastic fault modeling system in order to ensure the simulation of consistent 3D fault networks. We also discuss the strategy to generate 
suitable spatial interpretations from 3D seismic data. We then use statistical analyzes to evaluate the uncertainty about the number of faults and 
the number of compartments in the reservoir. 
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Motivation 

N/S section, Corinth Gulf [Taylor et al, GJI 2011] 
2 km 
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Motivation 

2 km 
Fault interpretation by Taylor et al, GJI 2011 
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We like simple and parsimonious models 

• 4 

? 
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We like simple and parsimonious models 

• 5 

? 

Could interpretation be more objective? 
What if scenarios ? 
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Sources of interpretation uncertainty 
Measurements 

 

 

 

Incomplete coverage 

Limited resolution, averaging 

Lack of contrast 

Interpretation / Model 

Geological concepts 

 

 

 

Appropriateness? 

Repeatability? 

Processing 

 

 

 

Type? 

Hypotheses? 

Parameters? 

Geometrical + topological uncertainty  
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Geometry 
[Abrahamsen, Geostats 1993]  

[Lecour et al., PG 2001]  

[Thore et al., Geophys 2002]  

[Holden et al, Math Geo 2003] 

[Caumon et al, EAGE PG 2007] 

[Tertois and Mallet, SPE 2010] 

[Røe et al, Math Geosci 2014] 

[Abrahamsen; Gringarten; Lallier; …;  

                                  EAGE IRM 2014] 

Depth of 

horizon l+1 

Depth of 

horizon l 

Thickness 

trend 

Depth 

error l+1 

Depth 

error l 

𝑍𝑖+1 𝐱 =  𝑍𝑖 𝐱 +  𝑎𝑖 ,𝑗𝑓𝑖 ,𝑗  𝐱 + 𝜀 𝑖+1  𝐱 −

𝑗
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Layer connectivity [Lallier et al, GSL SP 2012] 
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Fault extent and connectivity 

Imaging difficult at fault tips 

and  intersections 

Mean horizon curvature  
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Fault connectivity : large-scale 

OOIP 

Compartmentalization  

4 compartments 3 compartments 2 compartments 

[Lallier et al, EAGE IRM 2014] 

[Cherpeau et al, SEG 2010] 

Field X 
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Fault connectivity: mid-scale 
[Lallier et al, EAGE IRM 2014] 

Field X 
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Sequential Fault Simulation 
Data point 
Drawing  

Fault 
nucleation 

Data 
clustering 

Orientation 
simulation 

Geometry 
perturbation Extension 

simulation Truncation 

Step n 

Step n+1 

[Cherpeau et al  

Petr Geosci, in press] 
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Topological uncertainty from sparse data 
[Cherpeau et al, Petrol Geosci in press] 
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Sequential Fault Simulation: improvements 

Account for pick uncertainty before data clustering 

Reject faults when inconsistent with borehole observations 

Account for deterministic faults and: 

 Tip line uncertainty  

 Position uncertainty 
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Fault connectivity: small scale 

Tortuosity of an 

interpretation  relay ? 

 

Subseismic faults ? 

? 

[Julio et al, Tectono 2015] 

[Lallier et al, EAGE IRM 2014] 

Field X 
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Fault connectivity: small scale 

See also Julio et al, Interpretation (in rev) for impact on flow 
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Application to “Field Y” 
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Settings 

2 main interpreted faults striking 

N158 and N 210, small uncertainty 

 

3 conjugate normal fault families 
identified from regional knowledge and 

regional analogs 
1 km 

100ms 

Graben, affected by three major tectonic phases 

Fault imaging difficult in 3D seismic data 

NE SW 
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Fault Families 

FB 

210±10° 

87±12° 

1.9±0.6 
km 

1 

F150 

150±10° / 
330±10° 

67±16° / 
80±18° 

2±1.4 km / 
2.9±1.3 km 

18 / 28 

FA 

158±2° 

58±2° 

13±1 km 

1 

F30 

30±10° / 
210±10° 

85±15° / 
87±12° 

1.4±1.2 
km 

29 / 16 

F110 

110±10° / 
290±10° 

72±15° / 
83±12° 

1.9±0.8 
km 

18 / 27 

Strike 
±2s 

Dip  
±2s 

Length 
±2s 

Number 
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Interpretations 

200 faulting evidences 
-17 at wells 

- Picks every 250m on crosslines 

- Picks every 150m on inlines 
 

~130 faults 
Fault existence probability: 0.95 

N 

4 km 
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Field Y: Results 

Rejection strategy at wells to be optimized  

Simulation time: 1-3h/realization with the prototype C++ code (single threaded) 
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Statistics (100 realizations) 
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Conclusions 

Fault Connectivity Uncertainty significant in interpretation 

First application to 3D seismic interpretation: 
- Choice of statistical parameters for fault families 

- Choice of data clustering parameters 

- Minimal seismic picks 

Complements studies on : 
- 2D data sets [Cherpeau et al, SEG 2010; Pet Geosci, in press]  

- Fault segmentation uncertainty  
    [Julio et al, Tectonophysics 2015; Interpretation, in press] 
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Implications and challenges 
Integrate fault interactions and stratigraphy 
  OOIP 

  Flow simulation  
 

Appropriate scale  
 

Dealing with a large number of structural models  
 

Assessing geological likelihood ? 
 

Validation?   No reference uncertainty ! 
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