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Scales of time and space in sequence stratigraphy
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Evaluation of roughness due to calcite dissolution in crude
oil/brine/rock system: Implications for low salinity water

flooding

(Hokkaido University”) OYueqi Wang” + Xingjuan Hao" - Takeshi Hasegawa® -

Yogarajah Elakneswaran®

1. Introduction

Low salinity water flooding (LSWF) has been
considered as a cost-effective and environmentally
friendly technique for enhanced oil recovery (EOR)
in carbonate reservoirs. Changes in surface
roughness and oil-brine-rock interactions play an
important role in the contact angle and thus
wettability alteration in LSWF. In this study, atomic
force microscopy (AFM) was used to measure the
surface roughness of calcite in high and low salinity
water. Moreover, the contact angle of the calcite in
the brines was measured. Finally, influence surface
roughness caused by calcite dissolution in LSWF on
the contact angle was evaluated.
2. Materials and methods

A high salinity (HS) water was prepared with 1
mol/L NaCl and 0.01 mol/L CaCl,. A 100 times
dilution of HS water was selected as a low salinity
(LS) water. The calcite base was immersed in the
brines and equilibrated for 24 h before the
measurement of surface roughness by AFM. The
same base, which was used in AFM measurement,
was used to measure the contact angle in the brines
in order to evaluate the roughness on contact angle.
A crude oil with acid number of 1.84 mg KOH/g was
used in the contact angle measurement which was
recorded when there was negligible change in the
measured data. PHREEQC was used to analysis the
calcite dissolution in the brines.
3. Results and Discussion

The surface roughness variation due to calcite
dissolution in HS and LS brines are shown in Fig. 1

and Fig. 2. The surface roughness increased

significantly in LS (from 5.12 nm to 24.02 nm) as

clearly seen in AFM images as well. This indicates
that the calcite dissolution is higher in LS as
compared to HS brine. The experimental results
were confirmed by PHREEQC calculations where a
twofold dissolution was obtained in LS comparing to
HS. The measured contact angle of calcite surface
after dissolution in the brines is shown in Fig. 3. The
higher surface roughness induced by the dissolution
of calcite in LS shows a lower contact angle. For
example, a contact angle of 96.5° was observed in
LS whereas HS gives 122.7°. This confirms that
surface roughness variation due to calcite dissolution
impacts the contact angle changes and thus
wettability alteration in LSWF. The influence of pH
and calcium concentration on surface roughness and

contact angle was also evaluated.

Fig.1. AFM image of calcite surface in HS and LS
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Fig.2. Change of calcite surface roughness in HS
and LS
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Fig.3. Contact angle in HS and LS
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