Author’s Accepted Manuscript

JOURNAL OF

- PETROLEUM

SCIENCE &

ENGINEERING

An international journal
devoted to integrated reservoir studies

A Framework for Assisted History Matching and
Robust  Optimization = of Low  Salinity
Waterflooding under Geological Uncertainties

Cuong Dang, Long Nghiem, Ngoc Nguyen,
Zhangxin Chen, Chaodong Yang, Quoc Nguyen

------

TIBENEAN
www.elsevier.convlocate/petrol

PIIL: S0920-4105(17)30368-6
DOI: http://dx.doi.org/10.1016/j.petrol.2017.03.009
Reference: PETROL3897

To appear in:  Journal of Petroleum Science and Engineering

Received date: 29 April 2016
Revised date: 30 September 2016
Accepted date: 3 March 2017

Cite this article as: Cuong Dang, Long Nghiem, Ngoc Nguyen, Zhangxin Cher
Chaodong Yang and Quoc Nguyen, A Framework for Assisted History Matching
and Robust Optimization of Low Salinity Waterflooding under Geologica
Uncertainties, Journal — of  Petroleum  Science and  Engineering
http://dx.doi.org/10.1016/j.petrol.2017.03.009

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


http://www.elsevier.com/locate/petrol
http://dx.doi.org/10.1016/j.petrol.2017.03.009
http://dx.doi.org/10.1016/j.petrol.2017.03.009

A Framework for Assisted History Matching and Robust Optimization of

Low Salinity Waterflooding under Geological Uncertainties
Cuong Dang"”, Long Nghiem', Ngoc Nguyen?, Zhangxin Chen?, Chaodong Yang', Quoc Nguyen®
! Computer Modelling Group Ltd.
2 Department of Chemical and Petroleum Engineering, University of Calgary
* Department of Petroleum & Geosystems Engineering, University of Texas at Austin
Corresponding Author
Abstract

Low Salinity Waterflood (LSW) is an emerging Enhanced Oil Recovery (EOR) method that is simple to
implement and has been shown to yield a substantial increase in oil recovery over conventional waterflood,
especially in oil-wet sandstone reservoirs. The major mechanism for increased oil recovery is a wettability change
from oil-wet to water-wet, which is induced by ion exchange between the injected fluid and the clay surface.

This paper presents a framework for field scale modeling, assisted history match, and robust optimization of
LSW under geological uncertainties that has rarely been discussed in the past. To handle this complex recovery
process, a comprehensive ion-exchange model has been implemented, fully coupled with geochemistry specially
designed for the modeling of LSW physical phenomena in an EOS reservoir simulator. This model is capable of
accounting for the critical role of the properties, quantity, and distributions of clay minerals.

A systematic study was performed to evaluate the critical effects of geology on large scale LSW performance.
Numerous geostatistical realizations of a five-spot LSW pattern were generated to evaluate the effect of clay on
LSW. The numerical simulation results indicate that LSW’s performance depends critically on the reservoir
geological characteristics. Based on the integrated modeling approach presented in this paper, multiple geological
realizations can be automatically generated from a big-loop approach that is needed for fast and accurate HM and
optimization of LSW. The key parameters for successful field scale LSW HM include: clay distribution/quantity
associated with different facies, relative permeability modification, wettability alteration thresholds, reservoir
minerals, geochemical reactions, and operating conditions. More importantly, LSW HM by tuning reservoir
parameters may only lead to poor prediction results, while the integrated modeling approach provides much better
forecasting results to true history data.

Finally, a new concept for LSW robust optimization under geological uncertainty is introduced and
demonstrated with reservoir simulation. As there are uncertainties associated with the geological modeling of the
clay distribution, this paper shows how robust optimization can be applied to reduce uncertainties in the LSW
optimization through well placement.
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Nomenclature

a; Activity of the species i

An Reactive surface area of reactant mineral m
[Ca—X,] Equivalent fraction of Ca™

[Na — X] Equivalent fraction of Na*

Global objective function

F

F; Obijective function for representative realization i

Km Reaction rate constant of mineral reaction m

Keq Chemical equilibrium constant

Kca\na Selectivity coefficient for ion exchange

m; Molality of the species i

N Number of geological realization in robust optimization
Qm Activity product of the mineral m

RF Recovery Factor
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