Accepted Manuscript

Natural Gas

SCIENCE AND ENGINEERING

Data-driven Proxy at Hydraulic Fracture Cluster Level: A Technique for Efficient CO2-
Enhanced Gas Recovery and Storage Assessment in Shale Reservoir

Amirmasoud Kalantari-Dahaghi, Shahab Mohaghegh, Soodabeh Esmaili

PlI: S1875-5100(15)30002-0
DOl: 10.1016/j.jngse.2015.06.039
Reference: JNGSE 839

To appearin:  Journal of Natural Gas Science and Engineering

Received Date: 19 May 2015
Revised Date: 18 June 2015
Accepted Date: 19 June 2015

Please cite this article as: Kalantari-Dahaghi, A., Mohaghegh, S., Esmaili, S., Data-driven Proxy at
Hydraulic Fracture Cluster Level: A Technique for Efficient CO2- Enhanced Gas Recovery and Storage

Assessment in Shale Reservoir, Journal of Natural Gas Science & Engineering (2015), doi: 10.1016/
j-ingse.2015.06.039.

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 proof before it is published in its final 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.


http://dx.doi.org/10.1016/j.jngse.2015.06.039

Data-driven Proxy at Hydraulic Fracture Cluster Level: A Technique for Efficient CO,-
Enhanced Gas Recovery and Storage Assessment in Shale Reservoir

Amirmasoud Kalantari-Dahaghi*, Shahab Mohaghegindabeh Esmaili
West Virginia University, United States

E-mail addresses: akalanta@mix.wvu.edu, Amirmas@ldntariDahaghi@CRC.com (A. Kalantari-Dahaghi),
Shahab.Mohaghegh@mail.wvu.edu (S. Mohaghegh),
Soodabeh.Esmaili@CRC.com, semaili@mix.wvu.edu émadli).

Abstract

The continuing development of the organic-rich arttemely low permeability shale reservoirs in theéted States
has the potential to positively impact the futufecarbon storage. Due to the unique characterisifcshale
reservoirs, not only can G®e safely stored, it also can be preferentialgoslded and displace methane, leading to
enhanced gas recovery.

However, CQ storage in depleted or nearly depleted shale foomstis not completely risk free. Thus, prior to
making the economic commitment to a full-field £&&questration project, a systematic analysisettdmplete set
of variables must be considered in the planningao$hale-C@ storage initiative. Numerical modeling and
simulation is a robust tool that can provide angiisinto how the system may operate in order tthier understand
the feasibility and assist in the design and ojaraif such a project, and to predict changesniat occur.

In order to perform a comprehensive uncertaintyhyais a large number of simulation runs are reggliDesigning
and running simulation cases to model enhancedrgesvery and storage in shale by applying the Expli
Hydraulic Fracture modeling technique (EHF) is losugd laborious, and its implementation is compatetily
expensive.

In this paper, a data-driven approach with pattenognition algorithms is used to develop a newegation of a
shale proxy model at the hydraulic fracture clusésel, as a replica of a reservoir simulation moéer more
accurate analysis, instead of commonly used mesti@amnodels, a history-matched hydraulic fractukéatcellus
shale pad with multiple stages/clusters is used hase case to perform the analysis. The detaiteckgure for
development of the data-driven proxy model is exygd and the model is validated using blind simafatruns.
The developed data-driven proxy model is capabkcofirately reproducing the calculated,@@ection, CQ/ CH,
production profiles, and C{breakthrough time from the numerical simulationdelp for each cluster/stage and
horizontal lateral. Joint use of the determinisgservoir model with the data-driven proxy modeh c&rve as a
novel screening and optimization tool for the teml@esonomic evaluation of the G&nhanced Gas Recovery
(EGR) and Storage process in shale systems.

Introduction

Over the past century, the burning of fossil fubbs increased greenhouse gas (GHG) emissionsndeaali
increasing concern regarding its link to global merg. CQ, in particular, is an efficient heat-trapping gas
generated from fossil fuel combustion and is resfiea for more than 70% of the greenhouse effechrapthe
other greenhouse gases (Kruger and Franklin, 2A0éng et al., 2009). However, fossil fuels are ekpe to
remain a main element for supplying the world’srggen the near future, so the challenge is to firays to reduce
CO, emissions into the atmosphere from burning fdasils (Bachu, 2007).

Capturing and storing GOn oil and gas reservoirs is one option for redgcgreenhouse gas emissions in the
atmosphere. Additionally, it has been demonstratest CQ can be used for commercial-scale XEDR.
Advantages of hydrocarbon reservoirs as storageweiss include limited exploration costs, existiffective traps
and seals, known reservoir properties (porosigymeability, pressure, temperature, overall s@rpacity), and
existing equipment on the surface and in the stifbseithat can be reused (Meer, 2005; Aydin, 2010).
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