
Author’s Accepted Manuscript

Three-dimensional investigation of multiple stage
hydraulic fracturing in unconventional reservoirs

B. Sobhaniaragh, W.J. Mansur, F.C. Peters

PII: S0920-4105(16)30277-7
DOI: http://dx.doi.org/10.1016/j.petrol.2016.07.019
Reference: PETROL3552

To appear in: Journal of Petroleum Science and Engineering

Received date: 9 April 2016
Revised date: 7 June 2016
Accepted date: 8 July 2016

Cite this article as: B. Sobhaniaragh, W.J. Mansur and F.C. Peters, Three-
dimensional investigation of multiple stage hydraulic fracturing in unconventional
r e s e r vo i r s , Journal of Petroleum Science and Engineering,
http://dx.doi.org/10.1016/j.petrol.2016.07.019

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/petrol

http://www.elsevier.com/locate/petrol
http://dx.doi.org/10.1016/j.petrol.2016.07.019
http://dx.doi.org/10.1016/j.petrol.2016.07.019


1 

 

Three-dimensional investigation of multiple stage hydraulic 

fracturing in unconventional reservoirs  
B. Sobhaniaragh  , W.J. Mansur, F.C. Peters 

Laboratório de Métodos de Modelagem e Geofísica Computacional, Department of Civil Engineering, 

COPPE, Federal University of Rio de Janeiro, RJ, Brazil. 


Correspondent author: phone: (+55) 21996350721, fax: (+55) 2139387393, E-mail: 

sobhaniaragh@coc.ufrj.br 

Abstract 

Production efficiency from low permeability shale reservoirs demands promoting techniques including 

horizontal well drilling and multiple hydraulic fracture stimulation. What significantly affects the fracture 

patterns and associated geometries is the stress field changes induced by pre-existing or simultaneous 

fractures, depending on proposed hydraulic fracturing scenarios. Devising a reliable and robust simulation 

tool for hydro-mechanical modeling of hydraulic fracturing is imperative inasmuch as an appropriate 

fracturing job in a porous medium cannot be extended to another owing to various characteristics and 

limited access to the field data acquisition. In order to present a numerical technique, which is capable of 

capturing the non-planar hydraulically fluid-driven crack propagation with unpredictable path, in one hand, 

and tackling the feasible emergence of multiple cohesive cracks in a porous medium with fracture process 

zone at the crack tip, on the other hand, the Cohesive segments method in combination with Phantom Node 

Method, called CPNM herein, is established to simulate 3-D non-planar hydraulically driven fracture 

problem in a quasi-brittle shale medium. The present simulation fully couple fracturing fluid flow inside the 

crack with poro-elasticity in porous formation and continuum-based leak-off on the crack surfaces, and 

capture the fracture process zone at the fracture tip in quasi-brittle shale. In this paper, two different key 

scenarios including sequentially and simultaneously multiple hydraulic fracturing in a quasi-brittle shale 

multi-layer are investigated by using CPNM. The interesting and new results show that later stages in 

sequentially hydraulic fracturing mainly secure larger values of fracture opening than that of simultaneously 

hydraulic fracturing, which can be attributed to the effect of stress interactions of fractures on each other. 

Detailed parametric studies shed new light on the impacts of pre-existing or simultaneous fluid-driven 

fractures on the pore pressure of the formation, crack propagation pattern, von Mises stresses, fracture 

opening, leak-off flow rate, and fracturing fluid pressure. 
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1. Introduction  

Unconventional development of energy resource plays, such as coal bed methane, tight gas sands and 

shale reservoirs, has developed into a global pursuit for many oil and gas exploration companies, and 

launched a new way of thinking about hydrocarbon production [1,2]. Gas production from shale deposits, 
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