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Introduction 

Recent advances in reservoir data measurements and analysis (microseismic, tomographic images, 
pressure decline analyses, PLTs…) have provided the industry with a procedure to estimate a posteriori 
the efficiency of stimulation jobs, leading to the determination of Stimulated Reservoir Volumes. These 
results, confirming the important impact of heterogeneities on field recovery efficiency (mineralogy, natural 
fractures, petrophysical and geomechanical properties), are then used to develop the field (Cipolla et al 
2000, Fisher et al 2002, Walser & Ranjan 2016, Shojaei & Lipp 2016). Yet, for a lack of data or 
computational limitations, the modeling process often homogenizes or pseudoizes fracture network 
complexity. This enables some data history match, even if geometry input does not agree with 
observations, but it is not always pertinent for predictions (Vincent 2009, Mark 2015) and causes problems 
especially for predictions. At the same time the major challenges operators are facing with unconventional 
resources, is controlling the stimulation design which provides commercial production from a well predicted 
stimulated reservoir volume. This also spotlights questions for reservoir engineering: What useful data 
leads to efficient control and forecasts? How to represent the tight reservoir in a practical model suitable for 
predictions? How field operations can be optimized? Answering this requests to develop a predictive 
approach which explains the impact of key drivers on stimulation and production at various scales.  

Theory and/or Method 

To select the best candidate for stimulation, the design engineer must consider many variables at a given 
time. They can be sorted into two groups along the overall field development: data that can be “controlled” 
by the engineer and data that could be measured or estimated, but cannot be controlled. Each oil and gas 
prospective zone being different, with multi-scale complexity (rock properties, fracture attributes, long 
transients…), the required hydraulic fracturing design and field development need to be tailored to the 
particular conditions of the formation, integrating the second group data type. Since tight reservoirs 
production requires increasing exchanges with the formation often through fractured paths created by 
hydraulic fracturing, stimulations are particularly sensitive for the presence of natural fractures (McClure 
2013, Vassilellis & Elrafie 2016). The hydraulic pressure increase may indeed open the natural fracture 
system as well as induce hydraulic fractures, resulting in additional complex fractures geometries 
potentially leading to unexpected productions.  

Thus characterization of unconventional reservoirs implies the conciliation of several scales, integrating 
potentially a large fracture information database. This puts demand on the more general subject of 
modeling (Lecampion et al 2015, Shahid et al 2016). Historically several approaches have been attempted 
and validated, yet answering only partially to the all problem exposed above. Recently, due to efficient 
meshing techniques (Khvoenkova & Delorme 2011), a new model (Delorme et al 2016, Ricois et al 2016) 
is able to conciliate several scales during the (stimulation – multiphase production) cycle. Several multi-
staged wells can be treated at the same time within a common characterization framework able to describe 
the involved fracture system (natural and stimulated) at a finer scale. Fracture geometries can be simple or 
more complex, what enables model comparison and several reservoir type studies.   
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Examples 

In this paper an hydraulic fracturing treatment conducted in the tight Wolfcamp reservoir (Khvoenkova et al 
2015) is used to illustrate and discuss limitations and advantages of our predictive methodology. Using the 
original dataset (logs, seismic etc…) and varying uncertain parameters, the first stage is history matched 
for both microseismic and BHP. Calibrated parameters are further used in other stages in order to check 
predictability until reaching the desired prediction. For that, a practical predictability index is developed, 
synthesizing the complexity of our problem and helping decision on whether to acquire more data or to 
extend our description to a larger scale (2 or 3 wells).  

Conclusions 

This innovative integrating unconventional reservoir simulation methodology gives some insights on 
hydraulic fracturing key questions raised above. The efficient coupling between geological characterization 
and geomechanical concepts allows simulation on up to half-a million fractures, including the porous tight 
matrix in tractable CPU times. The guidance provided here will help to better define economical or 
technical indicators. This methodology is intended to equally apply to tight reservoir supposed to be 
hydraulically stimulated. 

 

Acknowledgements 

Merci à nous 

 

References 

Barree, R. D., Fisher, M. K., & Woodroof, R. A. (2002, January 1). A Practical Guide to Hydraulic Fracture Diagnostic Technologies. 
Society of Petroleum Engineers. doi:10.2118/77442-MS 

Cipolla, C. L., & Wright, C. A. (2000, January 1). Diagnostic Techniques to Understand Hydraulic Fracturing: What? Why? and 
How? Society of Petroleum Engineers. doi:10.2118/59735-MS  

Delorme, M., Bossie-Codreanu, D., Ben-Gharbia, I., Khebzegga, O., Khebzegga, N., & Ricois, O. M. (2016, June 1). 
Unconventional Production Forecast Needs Integration of Field Hydraulic Stimulation Data Through Fracture Model Calibration and 
Optimized Numerical Scheme. Society of Petroleum Engineers. doi:10.2118/180946-MS 

Fisher, M. K., Wright, C. A., Davidson, B. M., Goodwin, A. K., Fielder, E. O., Buckler, W. S., & Steinsberger, N. P. (2002, January 
1). Integrating Fracture Mapping Technologies to Optimize Stimulations in the Barnett Shale. Society of Petroleum Engineers. 
doi:10.2118/77441-MS 

Huang, J., Ma, X., Safari, R., Mutlu, U., & McClure, M. (2015, November 13). Hydraulic Fracture Design Optimization for Infill Wells: 
An Integrated Geomechanics Workflow. American Rock Mechanics Association  

Khvoenkova, N., & Delorme, M. (2011, September). An optimal method to model transient flows in 3D discrete fracture network. In 
IAMG conference (pp. 1238-1249). doi:10.5242/iamg.2011.0088 

Khvoenkova, N., Bossie-Codreanu, D., Broussard, N., Delorme, M., & Lecomte, J. C. (2015, September 28). Application of the 
DDFN (Discrete and Deformable Fracture Network) Method Within an Integrated Unconventional Reservoir Study Workflow. 
Society of Petroleum Engineers. doi:10.2118/175112-MS 

 

Lecampion, B., Desroches, J., Weng, X., Burghardt, J., & Brown, J. E. (2015, February 3). Can We Engineer Better Multistage 
Horizontal Completions? Evidence of the Importance of Near-Wellbore Fracture Geometry From Theory, Lab and Field 
Experiments. Society of Petroleum Engineers. doi:10.2118/173363-MS  



  

 
GeoConvention 2017 3 

Mark, M. A. C. K. (2015, December). Hydraulic Fracturing of Unconventional Reservoirs: Design and Evaluation. In Geotechnical 
Synergy in Buenos Aires 2015: Invited Lectures of the 15th Pan-American Conference on Soil Mechanics and Geotechnical 
Engineering and the 8th South American Congress on Rock Mechanics, 15–18 November 2015, Buenos Aires, Argentina (Vol. 5, 
p. 314). IOS Press.  

McClure, M. W. (2013). Understanding, diagnosing, and modeling the causes of fracture network complexity in unconventional 
reservoirs. The Leading Edge, 32(12), 1494-1500.  

Ricois, O. M., Gratien, J., BossieCodreanu, D., Khvoenkova, N., & Delorme, M. (2016, November 14). Advantages of an 
Unstructured Unconventional Fractured Media Model Integrated Within a Multiphysics Computational Platform. International 
Petroleum Technology Conference. doi:10.2523/IPTC-18846-MS  

Shahid, A. S. A., Fokker, P. A., & Rocca, V. (2016). A review of numerical simulation strategies for hydraulic fracturing, natural 
fracture reactivation and induced microseismicity prediction. The Open Petroleum Engineering Journal, 9(1).  

Shojaei, H., & Lipp, C. (2016, August 1). Optimizing Unconventional Field Development through an Integrated Reservoir 
Characterization and Simulation Approach. Unconventional Resources Technology Conference. 

Vassilellis, G. D., & Elrafie, E. A. (2016, May 10). Geologic and Dynamic Indicators Offering a Reliable Technology Paradigm to 
Reserve and Resource Estimation in Unconventional Oil Plays. Society of Petroleum Engineers. doi:10.2118/179952-MS 

Vincent, M. C. (2009, January 1). Examining Our Assumptions -- Have Oversimplifications Jeopardized Our Ability to Design 
Optimal Fracture Treatments? Society of Petroleum Engineers. doi:10.2118/119143-MS 

Walser, D., & Ranjan, P. (2016, November 7). Minimizing Cost of the Learning Curve for NOCs in Unconventional Delineation and 
Development. Society of Petroleum Engineers. doi:10.2118/183063-MS  

 

 

 


