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Apu =Viscosity difference (cP)

k=2.085 D, p =224 cp, uc02=0.0298 cp, Vertical 6=90
degrees,& sinb=1

$=0.346, p =0.9718 gr/cc, pg:0.16 gr/cc

V. =0.05987—Lv_=0.076 S
d h

ay
gy dlacl @
Swigo das
Sl (wdigen 50 9l 5 S (ygi Slael 5 S0
L s 5l S El (Sange dm g Sue
J) VAU PO KIS Sy
Ve-bm/s sgas Jlew &S > S s 5 3Lk
4o ol g a Bl VoY dga s (o SiSse Sae
o i olghe 1 aidge Loy i 4 ol (] (ixe
Dol as)ls cale 5l

am b ol a il ool by, ey
A8l oyl o Sipge sae o5 53,5 ool 550
G5 Sy aslllae ol jo el (e
i dlael a S covl ool >l T se 4
00l duwle joolie o lb V-V 5l iy 6 ,molise
V-cadl Jgaz o (Y-cadh) adal) 5k Siuge dae

Sl oo 09)31

(Y-l
N, =Capillary number (-)

N
o = Interfacial tension (m—)
m

B| BTN = RIS | DY | PR I U S | P
Y min S an do (Sgly Pl oS s
SV min Gas A e g gl 0 V)V °C sl
il Gl gy (359 cogsy s3> e s
039 il Ly ol a5 ages 5l cadz! Sl
Dl o s A

S S s Ao (9,

(VAOY) Hill e ey atayl ) 5l oolai ol Lo
Sy I wy cd bl g laied 4 S
azg g (V-cadladoles) 0,05 o )),8 oolaiul
Ol G Al moli 4 S g bilen a0 )8
[+ Y7 em/h odeliewods (il Ce w80 o

v _ 2.741xApxk xsin@
crit ¢Aﬂ
%

V. =Critical rate (;t)
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Ap = Density difference (ﬂ)
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k = Permeability (Darcy )
6 = Dip angle (degrees — measured from horizontal )

¢ = Porosity (fraction)
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Test number v (cm/s) 1 (cp) 6 (mN/m) N ()
S1 4.23E-05 224 0.9966 9.51E-03
S2 4.23E-05 224 0.9966 9.51E-03
S3 1.69E-04 224 0.9966 3.81E-02
S4 1.69E-04 224 0.9966 3.81E-02
S5 2.12E-05 224 0.9966 4.76E-03
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Introduction

The reservoir oil and rock properties are altered when
carbon dioxide interacts with the oil and rock present
in the reservoir [1]. Asphaltene deposition and mineral
alteration, dissolution and deposition can occur
simultaneously especially in carbonate asphaltenic
crude oil reservoirs during CO, injection [2]. Carbonate
materials may be the cementing agents for sand and
clay particles in sandstone reservoirs. The dissolution
of the cement can cause these particles to be released,
allowing them to move in the flow path, to accumulate at
pore throats, and to reduce permeability. Conversely, an
increase in permeability may be observed if the released
particles are smaller than the size of the pore throats
and can be flushed out [2-4]. The asphaltene stabilized
by resin, remain in thermodynamics equilibrium under
colloidal state at normal reservoir conditions. Asphaltene
will lose its stability when the initial equilibrium state is
disturbed. Once asphaltene destabilizes, it may flow as
suspended particles and may deposit on the rock surface
[5]. Rock and fluid interactions play an important role
in many aspects of formation evaluation and reservoir
characterization studies. The chemical reaction of
the injected fluid with rock and reservoir fluid affects
the efficiency of EOR process due to changes in oil
properties, as well as changes in petrophysical properties
of the rock [3]. Therefore, it is necessary to investigate
these interactions prior to the implementation of CO,
gas storage in a depleted reservoir, aquifer, or during
EOR operation.

Accepted: May/12/2020

Methodology

After preparing the sandpack models, to restore the
irreducible water saturation, the sandpack models
were saturated by formation water and then oil. Water
flooding is then conducted as secondary recovery
before the application of CO, injection until no oil
production was obtained. CO, injection was also
carried out continuously. In order to show the change
in the properties of the rock due to the interaction of
CO, with the rock, each model is washed with toluene
after the CO, injection phase. Toluene eliminates the
residual oil.

Results and Discussion

Effect of Pressure

Experiments S3 and S4 were carried out to investigate
the effect of pressure on rock and fluid interactions,
in which the temperature and injection velocity were
the same, and injection was performed vertically.
The only difference was the injection pressure. The
back pressure regulator was set to 2000 and 1500
psi respectively, in experiments S3 and S4. In Figure
1, porosity alterations are shown. As it can be seen
from the figure, due to the dissolution and the release
of some minerals, porosity increases in both models.
The porosity variations in model S4 are more than that
in model S3, which it shows the higher dissolution
of carbonate minerals at 2000 psi with respect to the
injection pressure of 1500 psi.
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Fig. 1 Porosity alterations as a result of dissolution of
minerals.

The amount of asphaltene precipitation in the sand-
pack during the experiments S4 and S3 is 8.13 and 7.7
wt.% respectively, as seen in Figure 2.

M Initial oil sample B After water flooding

B After 1PV CO2 Injection E After 2PV CO2 Injection

Asphaltene (wt.%)

Test Number

Fig. 2 Results of measuring the asphaltene content of initial
oil sample and produced oil sample during different stages
of the experiments.

Effect of Injection Velocity

In the second series of the experiments, the effect of
injection velocity on rock and fluid interaction was
investigated. The series consists of the S1, S4, and S5
tests, in which the injection temperature and pressure
were 70 °C and 2000 psi respectively, and the injection
was carried out vertically. The only difference was the
injection velocity, which was, respectively, 0.076,
0.153 and 0.611 centimeters per hour in experiments
S5,S1 and S4. As Figure 1 shows, in these experiments,
by decreasing the injection velocity, porosity alteration
increases. This is because by reducing the injection
velocity, the contact time between acid formed and
the rock increases, which it increases the possibility of
dissolution of minerals.

Effect of Injection Orientation

In the third series of the experiments, the effect of the
orientation of the sandpack model on the interaction of
rock and fluid was studied. The series consists of the
S1 and S2 tests in which the temperature, pressure, and
injection velocity were the same. The only difference

Petroleum Research, 2021(December-January), Vol. 30, No. 114

is the orientation of the sandpack models, which was
carried out vertically in the first test and horizontally
in the second one. The porosity variation during the
vertical injection experiment is more than that of hori-
zontal mode, which may indicate that more carbonate
minerals are dissolved during the CO, injection into
a vertical mode (Figure 1). The amount of asphaltene
precipitation in the sandpack is 1.92 and 1.18 wt%, re-
spectively, in the vertical and horizontal experiments
(Figure 2).

Conclusions

Based on the results obtained, the following conclu-
sions can be drawn:

By increasing the injection pressure, more carbon di-
oxide is dissolved, and hence, the possibility of acid
formation and mineral dissolution increases. By re-
ducing the injection velocity, the contact time between
acid and rock increases. Therefore, the dissolution of
the minerals increases. Finally, due to gravitational
stability, vertical injection shows better performance
in mineral dissolution and asphaltene precipitation.
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