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ABSTRACT - Carbon Capture Utilization Storage (CCUS) into geological storage (e.g., Enhanced Oil or
Gas Recovery) provides a solution to reduce CO, emissions. However, it still remains a potential operational
problem, such as sand problem phenomena in producer wells. This study observes the phenomenon of
sand problems in production wells possibly triggered by CO, brine rock interactions on CO, injection in
rich dolomite sandstone reservoir. This research performs several experimental works (i.e., time-lapse dry
mass measurements, X-Ray Diffraction (XRD), Scanning Electron Microscope (SEM), and elastic wave
measurements) by using CO, brine rock batch experimental setup as well as geochemical simulation to
observe mineral dissolution, pore structures alteration as well as rock physics alteration due to CO, brine
rock interactions. We used an outcrop sample of dolomite-rich sandstone from the Air Benakat Formation,
South Sumatera, Indonesia. Our experimental and simulation works show that dolomite dissolution
(dolomite reduction of ~4% after 14 soaking days), secondary porosity development (11% of visible porosity
improvement), as well as rock strength reduction, occur indirectly (shown by elastic wave velocity, i.e. \A
and V_reduction of ~3.8% and ~4.4%, respectively) due to CO,-brine-rock interactions. Subsequently, the
results of elastic wave velocity measurements were then used to modify a considerable sand onset prediction
(sand-free envelope) model. The modified model showed that the production well was more prone to sand
problems due to CO, brine rock interactions. Thus, it is concluded that the sand onset prediction model with
considering CO, brine rock interactions could help to design a better sand management strategy in producer
wells.
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INTRODUCTION

One of the solutions to reduce CO, emissions into
the atmosphere is by injecting CO, into geological
storage for sequestering CO, (IPCC, 2005). In
Indonesia, the feasibility of CCUS projects have
been studied by several reseachers (Sugihardjo,
2022; Aziz, et al., 2023)et al., 2023 alongside CO,
hub-clustering management (Nugraha et al., 2024).
The illustration of CO, injection in the aquifer that
could potentially lead to an acidic environment near
the producer well is depicted in Figure 1. This acidic
environment may lead to production problems, such
as sand problems.

The effects of pressure and temperature on CO,
solubility in water have been observed by previ-
ously reported experimental studies (Enick & Klara,
1990; Spycher et al., 2003). When CO, is soluble
in water, it creates carbonic acid which is mild acid
with pH ranging from 4-5 (Greenwood & Earnshaw,
1997; Lerman & Mackenzie, 2018; Mitchell et al.,
2010)2018; Mitchell et al., 2010.

CO, + H,0 & HyCOs ™)

Carbonic acid can also react with certain res-
ervoir rock minerals and cause dissolution, such as
calcite (Buhmann & Dreybrodt, 1985; Dreybrodt &
Kaufmann, 2007)

CO,
Injector

CaC03 + H20 + COZ(aq) Ad (2)
Ca** + 2HCO;3 ,
CaMg(C03), + 2H" &

Ca?* + Mg** + 2HCO3

(3)
Si0, + 4H* o Si** + 2H,0 . 4)

The dissolution rate of minerals (including
calcium and magnesium) is influenced by the pH of
the solution (Casey & Sposito, 1992; Matter et al.,
2007; Black et al., 2015)2015, temperature (Casey
& Sposito, 1992), CO, partial pressure and rock
surface area (Luquot et al., 2014; Black et al., 2015;
Lamy-Chappuis et al., 2016).

Extensive experiments on rock strength alteration
due to CO,-brine-rock interaction have been done
under several studies (e.g. Al-Ameri et al., 2016;
Rathnaweera et al., 2017; Yu et al., 2019)the effect of
the storage time on these properties is investigated.
In this study, CO, was injected into the brine-soaked
core samples under simulated downhole conditions
of high pressure and high temperature (2000 psi
and 100°C. However, to the best of the author’s
knowledge, research on sand problems due to CO,-
brine-rock interactions is still limited.

HC
Producer

Figure 1
lllustration of CO, injection in aquifer that could potentially lead to acidic environment near producer well due to
carbonic acid
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In this study, practical sand onset criteria
proposed by (Willson et al. 2002; Vaziri et al. 2002
and Palmer et al. 2003) would be used to observe
the impact of CO,-brine-rock interaction on the sand
onset problem. The model was based on a rock stress
model with shear failure criteria, assuming that rocks
are linear elastic. Sand production was assumed to
occur at the time when the maximum value of the
effective tangential stress around the perforation
exceeds the effective strength of the formation rock
(in some literature, the strength of the formation rock
can be analogized as the Unconfined Compressive
Strength (UCS), Thick-Walled Cylinder (TWC), or
the empirical function of TWC) (B. E. B. Nurhandoko
& Listyobudi 2018; B. E. B. Nurhandoko et al. 2021).
This study emphasizes rock physics alteration due to
CO,-brine-rock interaction that hypothetically may
affect rock strength. Several experimental studies
have been demonstrated to investigate mineral
dissolution mechanisms and elastic wave velocity
alteration after a rock sample was soaked by CO,
brine. Elastic wave velocity indirectly correlates
with rock strength (such as Young’s modulus) which
dominantly affects sand problems in producer wells.
Thus, (Wilson et al. 2002) model would be used to
observe the impact of CO,-brine-rock interaction on
the sand prediction model, especially in dolomite-
rich sandstone.

METHODOLOGY

Experimental Material and Methods

This study experimental setup & methodology is
explained in Figure 2. Air Benakat Formation (ABF)
sandstone outcrop sample in the South Sumatera
basin was used in this study. ABF sandstone porosity
and permeability typically range between 16-18%
and 10-3000 mD, respectively (Barber et al. 2005;
Bishop 2001). The samples were similar to the
previously reported study (Aziz et al. 2023). Based
on X-ray diffraction (XRD) measurements (using
Rigaku SmartLab X-ray Diffraction after the samples
were prepared in powder form with 200 mesh size),
ABF samples used in this study consist of dolomite
(79%), quartz (17%), and kaolinite (4%). Based
on a nearby analog well (P-3) at ABF interval, it
is known that water salinity is 15000 mg/L, pore
pressure is 1300 psi and vertical stress is 2500 psi.
To achieve the objectives of this study, two types of

rock sample forms are required, i.e., small cube and
cylindrical samples. Small cube samples were used
for observing chemical or dissolution effects, such
as dry mass (using Fujitsu FSR-A Precision digital
mass balance with a capacity of 220 g and precision
0f0.001 g), XRD and Scanning Electron Microscope
(SEM using JEOL JSM 6510 LA) measurements,
while cylindrical sample was used for observing rock
mechanics alteration, i.e. elastic wave velocity (P
& Swaveor V| and V_ using pressurized SeisCore
(Nurhandoko 2022) tool. All measurements were
conducted at room temperature (270C = 30C).

All samples were soaked in a CO2-brine-rock
batch apparatus as shown in Figure 2. This apparatus
consists of a mixing reactor (to mix CO, and brine),
a soaking reactor (to soak rock samples), a fluid tap
(to measure pH solution), a pump, a pressure gauge,
and valves. Subsequently, the rock samples were then
immediately put into a sealed plastic container (to
prevent contamination). Artificial brine was used by
mixing 15 g of NaCl (chemical pure grade, purity
> 99%, form: white crystalline solids) and 1.0 L of
demineralized water with a magnetic stirrer for about
15-30 minutes with 60 rpm to obtain homogeneous
NaCl solution.

To observe CO, brine rock interactions toward
rock mechanics, a non-destructive test, namely
elastic wave velocity (P & S wave) was conducted.
Prior to the measurements, the sample was saturated
with artificial brine for 1 day and then “dried” until
it reached irreducible water saturation by using
centrifuge (using Damon IEC Division HN-S
Centrifuge with a maximum speed of 4150 rpm)
following reported procedures and standards (API
RP40 1998; Slobod et al. 1951; McPhee et al. 2015).
This procedure was conducted to avoid biased
measurements of whether elastic wave velocity
alteration was caused by fluid saturation (Gutierrez
etal. 2020; Nakajima & Xue 2021) or rock properties
alteration.
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Figure 2
t

Geochemical Simulation

A geochemical simulation, namely
TOUGHREACT, was used to simulate CO, brine
rock interactions that can simulate non-isothermal
multiphase reactive geochemical transport (Xu et
al., 2006; Zhang et al., 2006; Xu et al., 2014). XRD
results were used to determine initial rock mineral
compositions. Porosity (¢) alteration is based on (Xu
et al., 2000).

m
b=1= ftn—fr ®
m=1

where m is the numbers of minerals, fr, is m
mineral volume fraction in rock, and 1, is the non-
reactive rock volume fraction. Kinetic parameters
rate constant (k_25), activation energy (E_a), and
power term (n) for each mechanism are listed in
Table 1 (Xu et al., 20006).

Table 1
Reactive surface area and parameters for kinetic rate law for specific minerals (Xu et al., 2006)

Parameters for Kkinetic rate law

Reactive Neutral Mechanism Acid Mechanism Base Mechanism
Mineral Surface
Area A k;s E, k E n k E n
(cm?/g) (mol/m?s) (KJ/mol) 25 ¢ (H) 25 ‘@ (HY)
1.023
Quartz 9.8 % 10-14 87.7
- 6.918 4.898 8.913 -
Kaolinite 151.6 % 10-14 222 % 10-12 65.9 0.777 % 10-18 17.9 0.472
Calcite Assumed at equilibrium
. 1.660 1.047 3.020
Illite 151.6 % 10-13 35 % 10-11 23.6 0.34 % 10-17 58.9 -0.4
. 1.445 2.138
Oligoclase 9.8 % 10-12 69.8 % 10-10 65 0.457
3.890 8.710 6.310 -
K-feldspar 9.8 % 10-13 38 % 10-11 51.7 0.5 % 10-12 94.1 0.823
. 1.660 1.047 3.020
Na-smectite 151.6 % 10-13 35 % 10-11 23.6 034 % 10-17 58.9 -0.4
. 3.02 7.762
Chlorite 9.8 % 10-13 88 % 10-12 88 0.5
. 2.512 4.074
Hematite 12.9 % 10-15 66.2 % 10-10 66.2 1
. 4.571 4.169
Magnesite 9.8 % 10-10 23.5 % 10~7 14.4 1
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Table 1 (continued)
Reactive surface area and parameters for kinetic rate law for specific minerals (Xu et al., 2006)

Parameters for Kinetic rate law

Reactive Neutral Mechanism Acid Mechanism Base Mechanism
Mineral Surface
Area A k,s E, k E n k E n
(cm?/g) (mol/m?s)  (KJ/mol) 25 @ (HY 25 a (")
. 2.951 6.457
Dolomite 9.8 % 10-8 52.2 % 10~4 36.1 0.5
. 2.754 6.918 2.512 -
Low-albite 9.8 % 10-13 69.8 % 10-11 65 0.457 % 10-16 71 0572
Sy 1.260 6.457
Siderite 9.8 % 10-° 62.76 % 10-4 36.1 0.5
. 1.260 6.457
Ankerite 9.8 % 10-° 62.76 % 10-4 36.1 0.5
. 1.260 6.457
Dawsonite 9.8 % 10-° 62.76 X 10~4 36.1 0.5
. 1.660 1.047 3.020
Ca-smectite 151.6 % 10-13 35 % 10-11 23.6 034 % 10-17 58.9 -0.4
. 2.818 3.02
Pyrite 12.9 % 10-5 56.9 % 10-8 569  -05
Sand Onset Modelling The illustration of sand onset criteria by applying

The sand onset criteria were given by (Willson
et al. 2002) as follows:

35, —S3—S, A

P, (6)
2-4 2-4

P, = CBHFP =

where is well flowing bottom hole pressure (psi), and
are major and minor principal stress (psi), is effective
rock strength (psi), is average reservoir pressure (psi)
and is poroelastic constant as a function of Poisson’s
ratio () and Biot’s constant () as follows:

(1 -2v)a

D) "

a is usually assumed to be equal to 1 (Zoback
2007). Dynamic Poisson’s ratio () can be derived
from compressional wave or P wave velocity () and
shear wave or S wave velocity () as follows (Zoback
2007):

V2 — 22 .
" (- va) ©

Young’s modulus can be derived as follows (Zoback
2007):

P = 2V (L + 1)1~ v)
v

E = 9)

where is bulk density (gr/cm3).

Eq. 6 is depicted in Figure 3.

The workflow of sand onset model construction
by utilizing elastic wave velocity measurements is
shown in Figure 4. Dynamic Poisson’s ratio (v ) is
calculated by using Eq. 8. Previous studies have
constructed empirical equations for estimating
minimum stress Spmin (Hubbert & Willis 1957;
Matthews & Kelly 1967; Eaton 1969; Breckels &
Van Eekelen 1982; Zoback & Healy 1984; Holbrook
et al. 1995; Holbrook et al. 1995). This study used
the Eaton correlation to estimate Spmin as a function
of Poisson’s ratio (v ) as follows (Eaton, 1969):

Shmin = (&) (Sv - Pp) +Fh (10)

From the analog P-3 well, it is determined that
the faults regime in ABF at the observed interval is
strike-slip (). Jaeger & Cook (1979) have developed
arelation between effective stress, pore pressure, and
friction coefficient as follows

ﬁz Mz [(H2+1)%+M]2
B

where is the friction coefficient. Byerlee (1978) has
conducted laboratory experiments about for different
spectrums of rock types and has come to the conclu-
sion that ranges between 0.6 — 1.0 (0.6 < < 1.0).
Jaeger & Cook (1979) stated that the typical value of
rock friction coefficient is 0.6. For simplification, we
used in Eq. 11, and obtained (Jaeger & Cook, 1979):

(1)
03 Shmin -
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-7 Well A
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Figure 3
lllustration of CBHFP sand onset criteria (Eq. 6). Well A pressure profile shows that most likely it will be safe from
sand problem (green area or above CBHFP). On the other hand, well B shows that most likely sand problem will be
occurred (red area or below CBHFP)

Vp & Vs measurements

Calculate dynamic Poisson’s ratio

from experimental results

U

Estimate Sypmar and Spmin

O

Estimate UCS and TWC using

empirical correlations

O

Construct sand onset model

Figure 4
Workflow to construct sand onset model

Stmax = 3119 (S5 — B,) + B,. (12)

Since we have limited core samples, empirical
correlations were used to estimate rock strength
properties, i.e. UCS and TWC, from elastic wave
velocity measurements. An extensive literature
review of 31 empirical correlations between UCS
and physical rock properties has been conducted
and summarized by (Chang et al. 20006), for elastic
velocity, Young’s modulus and porosity for sandstone
(Bradford et al. 1998; Moos et al. 1999; Fjaer 2008),
limestone & dolomite (Golubev & Rabinovich 1976;
Militzer & Stoll 1973) and shale (Lal 1999; Horsrud
2001). From XRD results, it is determined that ABF
is dominated by dolomite, so (Golubev & Rabinovich
1976) correlation for dolomite or limestone was
selected to estimate UCS as follows:

346 | DOl.org/10.29017/SC0OG.47.3.1682

109.14

UCS = 10%*4+ 51— (13)

where UCS is unconfined compressive strength (in
MPa) and At is Vip (in).

More than 20 empirical correlations of TWC as
functions of UCS and porosity have been compared
by Khaksar et al. (2018). Thus, Rahman et al.
(2010) correlation was selected which represented
tertiary weak/intermediate rocks in Southeast Asia
as follows:

TWC = 1149 UCS%52, (13)

Then, this TWC value was later used as in Eq.
6 to construct the sand onset model.
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RESULTS AND DISCUSSION

Experimental Results
Dry mass measurements

Dry mass measurements showed that sample
mass reduction (~1.4%) was observed after it was
soaked by CO, brine for 14 days, as depicted in
Figure 5. From this observation, mineral dissolution
most likely appears to have occurred due to CO,
brine-rock interactions.

XRD

From XRD measurements, it is evident that
samples dominantly consisted of dolomite (highest
peak intensity) with quartz and a small amount
of kaolinite, as depicted in Figure 6. It was also

Table 2
XRD quantitative analysis

observed that significant peak intensity differences
between samples without CO, treatment (red line)
and after soaking by CO, brine for 14 days (black
line) were not significant. It also explained that CO,
brine-rock interactions did not reactively form new
mineral precipitations. XRD quantitative analysis
indicates dolomite dissolution (~4% dolomite wt.%
reduction), as shown in Table 2.

SEM

SEM measurements for ABF rock samples are
depicted in Figure 7. The intercrystalline porosity
of the dolomite crystal (green square) is shown
in Figure 7(a). Meanwhile, secondary porosity
development after it was soaked by CO, brine for
14 days is shown in Figure 7(b). Visible or surface
porosity was calculated by using image processing
software (ImageJ) whereas dark area was calculated
as porous, as shown in Figure 8 and Figure 9. It shows
that visible porosity was significantly improved
(~11%) which indicates mineral dissolution after
being soaked by CO, brine. However, these results
may have uncertainties regarding the heterogeneity
of rock samples even though samples were taken

. No CO> CO; soaking
Mineral .
treatment time (14 days)
Dolomite 79% 75%
Quartz 17% 21%
o . ) 0 .
Kaolinite 4% 4% from nearby locations.
169.0
168.5 |
1680 [ TS~
= o ~~._
2 1675 | S~
2 -9
E_ 167.0 | ~<_
z ey~ <
° 166.5 | "edy, ~o_
4o S~ -
166.0 é
165.5 L L L
0 5 10 15 20
CO, soaking time (days)
Figure 5
Dry mass measurement
. £
8 3
= 2 2f So00l & oo 2 4 o
£ <z 2289 |s35838 88 238 8
8 &R seT2 a9 ao g = 5
= Sl ‘L 28T~ S S5 25 @
.
o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

2 Thet

90
ta

——No CO2 Treatment — CO2 Soaking Time (14 days)

Figure 6
XRD measurement
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) e—10um

[] : dissolution / secondary porosity [__| : Intercrystalline porosity

Figure 7
SEM results of ABF rock samples: (a) without CO, treatment; (b) 14 days of CO,-brine soaking

Visible Porosity=28.22%
Figure 8
Visible porosity calculation for sample without CO, treatment, i.e. 28.22%

Visible Porosity = 39.06%

Figure 9
Visible porosity calculation for sample after soaked by CO,-brine for 14 days i.e. 39.06% (~11% improvement
compared with no CO,-brine treatment)
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Figure 10

(measured at 1300 psig of effective pressure)

V_p and V_s measurements showed ~3.8% V_p and ~4.4% V_s reduction after soaked by CO2-brine for 14 days

P & S Wave measurements

P & S Wave (V_p and V_s) measurements at
1300 psig of effective pressure are depicted in Figure
10. A reduction of ~3.8% of V_p and ~4.4% V p
was observed after being soaked by CO,-brine for
14 days. These results are aligned with previously
reported experimental studies (Birch, 1943, 1960;
Christensen, 1974; Christensen & Smewing, 1981;
Mueller & Massonne, 2001; Kitamura et al., 2003;

Co, injector

Nishimoto et al., 2005; Kern et al., 2008; Saito et al.,

2015, 2016; Zhu et al., 2022; Creasy et al., 2024).

Geochemical Simulation

A simple line-drive model was used for geo-
chemical simulation, as depicted in Figure 11. The
observation cell was located at water producer well.
The details of the simple line-drive model are shown

in Table 3.

Producer

uonbAlesqO

500 meter

FIHUIC [
Simple line-drive model for geochemical simulation with 1 CO, injector well and 1 water producer well. The cell with
water producer well was chosen as observation cell
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Results of geochemical simulation at observation cell: (a) pH and HCO3-; (b) porosity; (c) dolomite; (d) permeability

Table 3
Geochemical model properties
Initial reservoir pressure psi 1300
Reservoir temperature oF 158
Porosity ¢ - 0.3
Horizontal permeability (k) mD 100
Vertical permeability (k) mD 10
Dolomite wt.% 79%
Quartz wt.% 17%
Kaolinite wt.% 4%
CO:z injection rate ke/s 100
Water production rate kg/s 100

The results of the geochemical simulation of a
simple line-drive model are depicted in Figure 12. pH
reduction (from 7.30 to 5.50) as well as increasing
of HCO, are depicted in Figure 12(a). Figure 12(b)
and Figure 12(d) show porosity (~4.1%) and
permeability (~17%) improvements respectively,
due to dolomite dissolution as shown in Figure 12(¢).

Sand Onset Modelling

A simple homogeneous gas reservoir model
was used as a case study of the producer pressure
(reservoir pressure around the wellbore and bottom

350 | DOl.org/10.29017/SC0OG.47.3.1682

hole flowing pressure) profile. A commercial
compositional reservoir simulator (Computer
Modelling Group/ CMG) was used to investigate CO,
injection performance (Peng-Robinson equation of
state was used with 100% C1). Alteration of reservoir
properties (such as porosity and permeability) due
to geomechanic and geochemical effects was not
modeled in this simulation.

A simple homogeneous reservoir model with a
CO, injector and a HC producer at grid model is
depicted in Figure 13. The CO, injector is perforated
at the bottom of the grid model (k = 5) while the HC
producer at the top of the grid model (k = 1).

Reservoir simulation results are shown in Figure
14 (producer well performance: CO, mole rate, water
rate, bottom hole pressure and near well reservoir
pressure), Figure 15 (Pr vs Pwf on the producer
for sand onset model) and Figure 16 (injector
well performance: CO, injection rate, bottom
hole pressure and near well reservoir pressure),
respectively. Water and CO, breakthrough occurs
at the producer well (as shown by Figure 14) which
potentially forms of carbonic acid and leads to sand
problem due to cementation dissolution.
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Table 4

Synthetic reservoir model properties

Parameter Unit Value
Model size (Ly X Ly, X L) ft 2500 x 2500 x 500
Model dimension (N, X N,, X N) - 5x5x%5
Grid top ft 2900
Gas water contact (GWC) ft 3050
Initial reservoir pressure psi 1300
Reservoir temperature OF 158
Porosity ¢ - 0.3
Horizontal permeability (ky) mD 100
Vertical permeability (k,,) mD 10
Rock compressibility (c,) 1/psi 3x10°°
Water compressibility (c,,) 1/psi 2x10°°
Initial gas saturation (Sg;) - 0.8
Irreducible water saturation (S,,;) - 0.2
Residual gas saturation (S,;.) - 0.1
Max. gas relative permeability (k. g) - 0.7
Max. water relative permeability (k) - 0.7
Total pore volume res. ft* 9.413 x 108
Total hydrocarbon pore volume res. ft* 1.506 x 108
Original Gas in Place (OGIP) std. ft* 1.241 x 101°
CO:z injection rate std.ft? 3.00 x 10°
Gas production rate std.ft? 3.00 x 10°
Fracture pressure psi 1652

Injector

000

385.00 770.00 feet
T —— 2000

Figure 13
Simple synthetic homogeneous compositional model with 1 CO, injector and 1 gas producer

Producer
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Pr vs Pwf on producer well

From elastic wave experimental results, sand
onset criteria were constructed on the basis of the pa-
rameters shown in Table 5. This table clearly shows
that rock strength was decreased after being soaked
by CO, brine (described in Young’s modulus, UCS
and TWC reduction after being soaked by CO, brine).
The sand onset model result for different cases are
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shown in Figure 17 and Figure 19. In Figure 17, for
all production periods, the most likely sand problem
would not have occurred in the producer well since
Prvs Pwfis still in green the area. On the other hand,
Figure 19 shows that at late production time, sand
problems would most likely occur in producer wells
since Pwf is below CBHFP.
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Simulation results on injector well

Table 5
Parameter of sand onset model

Parameter Unit Value

Initial (without CO; treatment)

v, m/s 2374

V; m/s 1269

Poisson’s ratio v - 0.300
Young’s modulus E GPa 6.1
UCScalculated psi 1950

TW Cecalculated psi 5903
Shmin@Pr = 1300 psig psi 1814
Symax@ Pr= 1300 psig psi 2904

After being soaked by CO:z-brine for 14
days

v, m/s 2271

Vi m/s 1190

Poisson’s ratio v - 0.31
Young’s modulus E GPa 5.8
UCScalculated psi 1791
TWCealculated psi 5648
Shmin@ Pr= 1300 psig psi 1840
Stmax@ Pr= 1300 psig psi 2987
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The CBHFP comparison between with and
without CO_-brine-rock interactions is clearly shown
in Figure 19. It is observed that CO,-brine-rock
affects rock strength reduction (from and reduction)
and leads to more prone sand problems in producer
wells. From the sand onset prediction model, it is
shown that CO,-brine-rock interactions would most
likely increase sand problem risk in producer wells.

Thus, this study demonstrates that considering
CO,-brine-rock interactions could help to design a
better sand management strategy in producer wells.
For further study, we suggest using experimental
rock mechanics tests to obtain UCS or TWC if core
samples are sufficient so that it will increase the
accuracy of the sand onset prediction model.
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Sand onset model for initial case (without CO,-brine-rock interaction)
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Sand onset model CO,-brine soaking case (with CO_-brine-rock interaction)
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CBHFP model comparison between with and without CO,-brine-rock interactions

CONCLUSION

Several experimental works have been conducted
to investigate CO, brine-rock interaction phenomena
in dolomite-rich sandstone at Air Benakat Formation
(ABF) by using CO, brine-rock batch experiment
setup. Indication of dolomite dissolution was
observed by dry mass measurements, XRD, and SEM
which leads to visible porosity improvement up to
~11% after being soaked by CO, brine for 14 days.

Elastic wave velocity measurements resulting in
and reduction (~ 3.8% of and ~4.4% of reduction
at 1300 psi of effective pressure) after being soaked
by CO, brine for 14 days indirectly implies rock
strength reduction due to CO, brine-rock interactions.

The sand onset model was then constructed
based on and experimental data by utilizing a
simple reservoir simulation model as a case study
of the producer well. From the sand onset prediction
model, it is shown that CO, brine-rock interactions

would most likely increase sand problem risk in
producer wells.

Thus, this study has demonstrated that considering
CO, brine-rock interactions could help to design a
better sand management strategy in producer wells.
For further study, we suggest using experimental
rock mechanics tests to obtain UCS or TWC if core
samples are sufficient, so that it will increase the
accuracy of the sand onset prediction model.
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GLOSSARY OF TERMS
Symbol Definition Unit
CBHFP Critical Bottom Hole Flowing Pressure psi
™wce Thick-Walled Cylinder psi
Uucs Unconfined Compressive Strength psi
0] Porosity [-]
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Symbol Definition Unit
Shmin Horizontal minimum stress psi
Shmax Horizontal maximum stress psi

Sy Vertical stress psi
Sy Effective rock strength psi
E Young’s modulus GPa
v Poisson’s ratio [-]
p Rock density kg/m’
4 Compressional wave or P wave m/s
|74 Shear wave or S wave m/s
At Slowness us/ft
B or B, Reservoir or pore pressure psi
Pys or BHP  Well bottom hole pressure psi
ftm m mineral volume fraction in rock [-]
Jih non-reactive rock volume fraction [-]
ks kinetic rate constant mol/m?/s
E, activation energi KJ/mol
a Biot’s constant [-]
u friction coefficient [-]
ky Horizontal permeability mD
k., Vertical permeability mD
cr Rock compressibility psi!
Cw Water compressibility psi!
Sgi Initial gas saturation [-]
Swirr Irreducible water saturation [-]
Sgr Residual gas saturation [-]
kg Max. gas relative permeability [-]
Koy Max. water relative permeability [-]
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