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1. Salting-in Effect
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1. X-ray Powder Diffraction
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Introduction

Use of water-based EOR methods to increase the
moveable oil volume is a very economical approach,
especially in the Middle East carbonate reservoirs [1-
5]. One of the variations of water-based methods is
smart water injection in which salinity of the aqueous
phase is modified for enhanced productivity [4,5].
Different salinity ranges, from 1000 to 3000 ppm are
reported beneficially in the literature based on a series
of experimental and modelling studies [1,5]. Several
mechanisms are reported responsible for enhanced
productivity of smart waterflooding such as multi
ion exchange (MIE), wettability alteration, Electrical
Double Layer (EDL) expansion, interfacial tension
(IFT) reduction, rock dissolution, and in-situ sulphate
formation [2,3]. Note that except for the wettability
alteration mechanism, none of the other mentioned
mechanisms has been widely accepted by researchers
when it comes to the application of smart waterflooding
in carbonate formations.

Materials and Methods

Brine Compatibility Tests

The compatibility of synthetic brine solution and the
diluted solutions with FW was examined through a
series of static bottle tests. In this method, SW, d5SW,
and d20SW were mixed with FW in separate bottles,
and stored in the dark at room temperature for a week
and then weighted to measure the incompatibilities.

Accepted: June/20/2020

Core Cleaning

To clean the core plugs, they were placed in a
Hassler core holder, and toluene and methanol were
successively injected through the core plugs from both
directions.

Coreflooding and Aging

After establishing Swi, each core plug was placed
in the Hassler core holder and was flooded with oil
at 90 °C. Two pore volumes of oil were injected after
oil breakthrough in order to make sure that the Swi
condition was met.

Oil recovery tests

Three waterflooding tests were executed with SW,
d5SW and d20SW displacing fluids. The coreflooding
tests were continued up until about 10 pore volumes
(PVs) of the saline solution was injected into each
core plug. After dismantling the setup and extracting
the core plug, the same core cleaning procedure was
conducted for each core plug. The permeability of
each core plug sample was then measured during the
cleaning process using unsteady state method.

Results and Discussions

Compatibility and FTIR analysis

Upon mixing the diluted saline solutions (d5SW
and d20SW) with FW followed by aging, no solid
precipitation was visually detected. However, when
20 mL of SW was mixed with 4 mL of FW, about



25 wt% of the materials in the mixture were
precipitated out. The precipitated substances were kept
in an oven at 70 °C for 24 hours and then weighted.
This dried filtered substance was then collected for
FTIR analysis.

Using FTIR analysis, the spectra were then obtained in
the range of 400-4000 cm.

The $trong band in the vicinity of 1140 cm™ and small
peaks at 669 and 602 cm™ were attributed to bending
modes of sulphate in pure gypsum.

Production performance of the waterflooding Tests

The oil production performances of injecting various
saline solutions are presented in Figures | to 3.
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Fig.1 Recovery factor and differential pressure across the
core plug # 1 during oil displacement with SW flooding.
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Fig. 2 Recovery factor and differential pressure across core
plug # 2 during oil displacement with dSSW flooding.
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Fig. 3 Recovery factor and differential pressure across core

plug # 3 during oil displacement with d20SW flooding.

The greatest ultimate recovery factor was obtained

when SW was used as the displacing fluid. The

differential pressure was also dropped from its greatest
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value between these tests (i.e. 393 psig) to about 247
psig. The recovery factor was levelled off when about
5 pore volumes of SW was injected into the core plug.
The small spikes in differential pressure just before
5 and after 7 pore volumes of SW injection were
attributed to precipitation of calcium sulfate.

The ultimate recovery factor for flooding the core
plugs with d5SSW and d20SW were about 25 and 43%
less than that of SW injection respectively. However,
the ultimate recovery factor loss was compensated by
the lower differential pressure requirements in both
diluted SW injection scenarios by about 37% compared
to that of the SW injection. It also took longer for both
cases of diluted SW flooding to achieve the state of
residual oil saturation.

The recovery factor plot for dSSW injection had a
milder slope than that of SW flooding, with some sharp
spikes (between 4 and 5 PV injected), which it was
hypothesized to be a result of rock dissolution. These
sudden jumps in the recovery factor trend were also
supported by sudden drops in the differential pressure
trend at corresponding time intervals. The greater the
dilution ratio of the injecting fluid was, the earlier the
spikes in recovery factor curve resulting from rock
dissolution were.

pH measurements for the injecting and effluent
aqueous phases

The presence of precipitated salt following SW
injection was also validated through measurement of
effluent pH. The results are plotted in Figure 4.

winitial pH # final pH

SW

dSSW d20SW

-

pH

S = 1 W o A O

Fig. 4 Changes in the pH of the displacing fluids before and
after the injection.

Our observations from pH measurements of the
injecting and produced aqueous phases for the cases
of diluted SW injection confirm the presence of rock
dissolution as one of the recovery mechanisms. The
pH of the produced aqueous phase was higher than that
of the injecting phase by about 15 and 20% for the
coreflooding tests with dSSW and d20SW respectively.
This can be justified by reviewing the below chemical
reaction (Equation 1) between the aqueous phase and
the carbonate rock:

CaCO,+H,0 =Ca* + HCO; +OH ~ (D
Permeability Measurement

A 25% decrease in core plug permeability was obtained
when it was flooded with SW phase.
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This permeability damage could be attributed to the
salt precipitation in the porous structure that validates
the results obtained from production performance
analysis, compatibility tests, FTIR analysis and pH
measurements (Figure 5).
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Fig. 5 Changes in the permeability of core plugs before and
after the injection.

Reviewing the permeability of core plug #2 and 3 be-
fore and after being flooded with dSSW and d20SW
phases also supports the proposed rock dissolution
mechanism. There were enhancements in permeabil-
ity of these two core plugs to the extent of 10 and 32%
of their pre-flood values respectively, which it shows
that the rock dissolution has occurred extensively.

Conclusions

In this study, the impact of injecting diluted SW on
production performance of waterflooding as well as
its effect on rock dissolution mechanism has been
investigated by us. The slightly lower recovery factors
obtained during injection of diluted SW were obtained
at much lower differential pressure due to activation
of rock dissolution mechanism which created pore
enlargement. Several spikes in recovery factor trend
were observed, which they were due to rock dissolution
and enhanced permeability of the core plug. Greater
pH values of the produced aqueous phase as well as
enhanced permeability of the core plug post-flooding
were among these changes. Finally, according to this
study, it was found out that the greater the dilution of
the injecting fluid was, the more aggressive the rock
dissolution mechanism was.

Nomenclatures

EDL: Electrical Double Layer
IFT: Interfacial tension

MIE: Multi ion exchange

References
1. Austad T (2013) Water-based EOR in carbonates
and sandstones: new chemical understanding of
the EOR potential using “smart water”, in En-
hanced oil recovery Field case studies, Elsevier
301-335.
2. Mashayekhizadeh V, Kord S, Dejam M (2014)
EOR potential within Iran, Special Topics & Re-

views in Porous Media: An International Jour-
nal, 5, 4.

Fathi SJ, Austad T, Strand S (2010) “Smart wa-
ter” as a wettability modifier in chalk: the effect
of salinity and ionic composition, Energy & fu-
els 24, 4, 2514-2519.

Seethepalli A, Adibhatla B, Mohanty K (2004)
Wettability alteration during surfactant flooding
of carbonate reservoirs, in SPE/DOE sympo-
sium on improved oil recovery, Society of Petro-
leum Engineers.

Hosseini S, Shuker MT, Hosseini Z, Tomocene
TJ, Shabib-Asl A, Sabet M (2015) The role of
salinity and brine ions in interfacial tension re-
duction while using surfactant for enhanced oil
recovery, Research Journal of Applied Sciences,
Engineering and Technology, 9, 9, 722-726.




