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a b s t r a c t

Tight conglomerate reservoirs are featured with extremely low permeability, strong heterogeneity and
poor water injectivity. CO2 huff-n-puff has been considered a promising candidate to enhance oil re-
covery in tight reservoirs, owing to its advantages in reducing oil viscosity, improving mobility ratio,
quickly replenishing formation pressure, and potentially achieving a miscible state. However, reliable in-
house laboratory evaluation of CO2 huff-n-puff in natural conglomerate cores is challenging due to the
inherent high formation pressure. In this study, we put forward an equivalent method based on the
similarity of the miscibility index and Grashof number to acquire a lab-controllable pressure that features
the flow characteristics of CO2 injection in a tight conglomerate reservoir. The impacts of depletion
degree, pore volume injection of CO2 and soaking time on ultimate oil recovery in tight cores from the
Mahu conglomerate reservoir were successfully tested at an equivalent pressure. Our results showed that
oil recovery decreased with increased depletion degree while exhibiting a non-monotonic tendency (first
increased and then decreased) with increased CO2 injection volume and soaking time. The lower oil
recoveries under excess CO2 injection and soaking time were attributed to limited CO2 dissolution and
asphaltene precipitation. This work guides secure and reliable laboratory design of CO2 huff-n-puff in
tight reservoirs with high formation pressure.
© 2022 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Despite the worldwide growth of oil production from tight
reservoirs, over 90% of tight oil remains underground (Zou et al.,
2014; Sheng, 2015, 2017). Oil exploitation in tight reservoirs
counts on the natural formation energy at the primary recovery
stage. However, the primary oil recovery typically confines to 5%e
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15% of original oil in place (OOIP) due to low natural energy and
rapidly descending formation pressure, signifying the tremendous
potential for enhanced oil recovery (EOR) (Christensen et al., 2001;
Zheng et al., 2014; Li et al., 2021a, 2021b; Syed et al., 2022). Con-
ventional water flooding exhibits poor injectivity, potential water
sensitivity, and strong water channeling, ascribing to the inherent
pressure sensitivity, clay-rich mineral compositions, great specific
surface area, and severe heterogeneity in tight reservoirs. This
yields difficulties in establishing an effective water-displace-oil
system, thus low well-production and undesirable water injection
performance (Sun et al., 2021; Zhou and Zhang, 2020).

Great attention has been increasingly paid to evaluating the
viability of CO2 injection for EOR in tight reservoirs (Hoteit and
Firoozabadi, 2009; Hawthorne et al., 2013, 2019; Jin et al., 2017),
owing to the distinguished advantages of CO2 and the global goal of
achieving carbon neutrality. Mass transfer of CO2 into reservoir oil
generally leads to oil swelling and viscosity reduction, affecting oil
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mobility and molecular diffusion of CO2 and oil components. It is
also worth mentioning that CO2 can reach a supercritical state
when temperature and pressure are higher than their corre-
sponding critical values (31.2 �C and 7.38 MPa), showcasing dual
properties of gas and liquid. Given the high temperature and high
pressure of tight reservoirs, the injected CO2 is anticipated to
migrate as a supercritical solvent, yielding a fully miscible state
with oil that favors oil recovery (Hou et al., 2017; Chen et al., 2022).

Nevertheless, continuous CO2 flooding is impractical in a tight
reservoir because the remaining oil in the matrix cannot be driven
out. Consequently, cyclic injection such as huff-n-puff (HnP) is
considered an alternative for the EOR of a single well. HnP com-
prises three distinct scenarios. CO2 is injected into the reservoir in
the “huff” stage, followed by shutting the injection well to allow
sufficient interaction between CO2 and oil (the so-called “soaking”
period). It has been recognized that CO2 transport in tight reser-
voirs is likely dominated by diffusion rather than convection due to
the ultralow permeability (Hawthorne et al., 2013; Cronin et al.,
2018). Therefore, soaking time is crucial to oil recovery enhanced
by CO2 huff-n-puff. Field trials in the Bakken oil reservoir have
confirmed that the oil-production rate can significantly increase
following a certain soaking period (Alfarge et al., 2018). After a
sufficient soaking time, the injection well is reopened at a low
pressure to produce CO2 as well as a CO2-rich oil phase. An increase
of 30%e50% in ultimate oil recovery compared with primary pro-
duction was reached by carrying out CO2 huff-n-puff in the south
Texas Eagle Ford reservoir (Rassenfoss, 2017).

Mahu tight conglomerate reservoir, located at Junggar Basin, is
the world’s largest conglomerate reservoir with abundant reserves,
discovered in 2017 (Zhang et al., 2022). Nevertheless, due to its
complexities in lithology and pore structures, the exploitation of
tight conglomerate reservoirs is still in its infancy. Therefore, CO2
HnP in Mahu tight conglomerate reservoir is a relatively new
challenge, with fundamental questions remaining, such as an
appropriate primary recovery period, optimal soaking time and
injection volume. Albeit laboratory study provides an effective way
to examine the effect of CO2 HnP, the high pressure (over 50MPa) of
Mahu tight conglomerate reservoir restrains the reliability of core-
scale laboratory due to serious security concerns. Table 1 summa-
rizes experimental conditions of CO2 injection in tight cores that
have been reported in recent literature. As observed, the highest
experimental pressure available for reference is 43 MPa, and in-
house CO2 injection under pressures representative of the Mahu
tight conglomerate reservoir has not been reported. This also im-
pedes creating and calibrating numerical representation of core
samples that allows one to assess the process efficiency (Zuloaga
et al., 2017; Janiga et al., 2018). Accordingly, it is urgent to figure
out an appropriate method to address high-pressure CO2 injection
in the laboratory, balancing lab security and confidence level.

In the current work, we proposed a similarity-based approach to
determining an equivalent experimental pressure, enabling one to
obtain a lab-controllable pressure representing the flow charac-
teristics of CO2 injection in high-pressure tight reservoirs. The
impacts of depletion degree, injection volume of CO2 and soaking
time on ultimate oil recovery in tight cores of the Mahu conglom-
erate reservoir were successfully tested at an equivalent pressure.
This work evaluated the feasibility of CO2 HnP in the Mahu
conglomerate reservoir and guided the designing of a secure and
credible laboratory study of CO2 injection in tight reservoirs with
high formation pressure.
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2. Experimental study

2.1. Materials and preparations

2.1.1. Simulated oil
The degassed crude oil with a density of 0.7444 kg/m3 and a

viscosity of 0.2778 cP, taken from the Mahu tight conglomerate
reservoir (Xinjiang Oilfield, China), was used to prepare the simu-
lated oil. Light components are added to the crude oil to simulate
the formation oil and acquire a manageable test pressure repre-
senting the reservoir condition (the method to determine the
content of light gas is detailed in Section 2.2.2). Oil compositions
were determined using a gas chromatography spectrometry (Agi-
lent 7890A). The obtained total hydrocarbon chromatography of
the simulated oil is presented in Fig. 1.

2.1.2. CO2

CO2 with a purity of 99.99% used in our experiments was pur-
chased from Beijing Jinggao Gas Manufacturing Co., Ltd.

2.1.3. Artificial formation water
The artificial formation water (AFW) with the same ionic com-

positions as that in the studied reservoir was prepared using
deionized ultrapure water (Millipore Corporation, USA) and high-
purity salt. The main components of AFW are demonstrated in
Table 2. The brine was degassed to prevent dissolved air from
damaging the core permeability (Russell et al., 2017).

2.1.4. Cores
The cores used to conduct experiments were taken from Mahu

oil field (Xinjiang Oilfield Company, China). The basic parameters of
the cores are shown in Table 3. The cores were cleaned before ex-
periments by injecting petroleum ether due to the presence of
formation oil inside and then dried in an oven at 80 �C for more
than 24 h.

2.2. Methodologies

2.2.1. Determination of minimum miscibility pressure (MMP)
TheMMP of CO2 in the degassed crude oil was determined using

the slim tube method. The experimental procedure follows Li et al.
(2021b). The temperature was maintained at 80 �C, consistent with
the targeted reservoir. Since the light components of the crude oil
were volatilized as soon as they were taken to the ground, we are
ignorant of the original oil components. Despite the deviation be-
tween the measured MMP and the practical MMP underground, it
is worth noting that our measurement provides an upper limit of
MMP that could be considered as a reference for the pilot tests of
CO2 huff-n-puff.

2.2.2. Determination of equivalent pressure
Due to the high formation pressure of the targeted reservoir, we

propose to conduct the CO2 huff-n-puff experiments under an
equivalent safe pressure in the laboratory, determined by the
similarity of miscibility index l and Grashof number Gr. The
miscibility index, defined as the ratio of formation pressure to the
MMP obtained via the slim tube method, denotes the degree of
miscibility. The Grashof number, defined as the square of the ratio
of density to viscosity multiplied by a constant, features the degree
of natural convection. The specific procedure for acquiring the
equivalent pressure is as follows.

(1) Establish a PVT model using the WinProp mode of CMG (a
reservoir simulation software) to calculate MMP based on
experimental parameters, such as crude oil compositions



Table 1
Experimental parameters of CO2 injection from the literature.

References Core types Permeability, mD Methods Pressure, MPa Temperature, ºC

Du et al., 2020 Sandstone 0.182e0.319 Flooding/HnP 13 60
Yu et al., 2021 NA 0.028e0.193 Flooding 20 90
Huq et al., 2015 Sandstone 11.73 Flooding 5 125
Smith et al., 2013 Caprock 0.0005 Flooding 24.8 60
Wigand et al., 2008 Sandstone 0.5 Flooding 15 60
Zou et al., 2018 Shale 0.000061 and 0.000232 Soaking 10e30 40e120
Pu et al., 2016 Sandstone 0.30 HnP 4e26 75
Wei et al., 2019 Sandstone 0.95 Flooding 35 80
Li and Gu, 2014 Sandstone 0.28e2.78 Flooding 12 53
Dong et al., 2020 Sandstone 0.1 HnP 25 25
Bai et al., 2019b Sandstone 0.03 HnP 40 60
Wang et al., 2017 Sandstone 0.218 Soaking 12 40
Zhou et al., 2020 NA 1.33e3.25 Flooding 12.18 50
Zhu et al., 2020 Shale/sandstone 0.0053e0.018 HnP 16 60
Wang et al., 2021 Sandstone 0.1e1.0 Flooding 18 60
Pu et al., 2021 Conglomerate 0.88 HnP 9.8 69
Hu et al., 2020 NA 0.2e0.4 Flooding 0.69 60
Syah et al., 2021 Sandstone 0.05e0.9 Flooding/HnP 13e16 80
Zhou et al., 2019 Sandstone 0.98e11.6 Flooding 12.9 44
Bai et al., 2019a NA 0.89e9.10 HnP 14 65
Qian et al., 2018 Sandstone 0.36e0.81 HnP 5e16 61
Wei et al., 2017 Sandstone 0.63 HnP 34 75
Ding et al., 2021 Artificial sandpacks 0.2e300 HnP 23 108
Fernø et al., 2015 Shale 0.00074e0.0017 Flooding 22.1 60
Gao and Pu, 2021 Conglomerate 0.16 HnP 37 89
Ma et al., 2019 Sandstone 0.03e0.47 HnP 43 81
Ma et al., 2015 NA 2.3 HnP 12.9 44
Wei et al., 2020a Sandstone 0.813 HnP 35 80
Wei et al., 2020b Sandstone 0.79e2.43 Flooding/HnP 25 75

Fig. 1. Oil compositions determined using total hydrocarbon chromatography.

Table 3
Core parameters.

No. Porosity, % Diameter, mm Length, mm Mass, g Permeability, mD

K4 21.91 2.600 6.214 78.554 0.2187
K10 22.92 2.516 7.239 80.403 0.0664
K11 22.94 2.529 6.716 80.058 0.1425
K12 20.20 2.525 7.168 87.539 0.1004
K13 20.04 2.514 7.287 87.856 0.0361
K14 18.66 2.520 7.797 92.343 0.0607
K15 25.48 2.510 4.973 58.103 0.2024
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based on total hydrocarbon chromatography, temperature,
pressure, etc. Unknown parameters, e.g., interaction co-
efficients, are calibrated by the slim-tube-measured MMP
corresponding to reservoir conditions (MMPres).

(2) Calculate the miscibility index of reservoir, lres, using for-
mation pressure Pres and the slim-tube-measured MMPres.
Table 2
Main components of AFW.

Salt NaCl KCl Na2SO4

Concentration, mg/L 978.14 2249.18 286.4
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(3) Change oil compositions by adding light components (n-
heptane and n-pentane) and obtain the corresponding
minimum miscibility pressure MMPlab.

(4) Obtain the experimental pressure Pexp via the similarity of
miscibility index of reservoir and experiment, i.e., setting
lexp ¼ lres. Adding light components generally yields a lower
MMP (Abedini and Torabi, 2014) and thus, leads to lower
experimental pressure.

(5) Calculate the viscosities and densities of oil and CO2 corre-
spond to Pres and Pexp using the flash mode of the established
PVT model.

(6) Obtain the Grashof numbers corresponding to the reservoir
and experimental conditions, and check the similarity of Gr.
If

�
�Grexp � Grres

�
� � 0:001, the acquired Pexp in step (4) is

selected as long as its value meets the laboratory safety
requirement. Otherwise, repeat step (3) and adjust the
amount of added light components until
CaCl2 MgCl2 NaHCO3 Total

309.23 31.92 989.73 8246.36
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�
�Grexp �Grres

�
� � 0:001 is satisfied, and the corresponding

experimental pressure falls within a safety zone.
2.2.3. Experimental procedures of CO2 huff-n-puff
A schematic diagram of the laboratory setup for CO2 huff-n-puff

is illustrated in Fig. 2. The CO2 huff-n-puff tests were carried out
after depletion. The experimental procedure is given as follows.

(1) The core was placed within the core holder. The permeability
was measured while setting the confining pressure as
10 MPa. Then the core holder was connected to the vacuum
pump and vacuumized for over 5 h.

(2) The core was saturated with the prepared artificial formation
water. The injected AFW was recorded, and the pore volume
and porosity were calculated. The temperature was set at
80 �C. The pressure of the back-pressure valve was set as
23 MPa.

(3) The simulated oil aged for three days was injected into the
core at 0.1 mL/min until the oil was produced and water was
not observed at the core outlet. The volume of saturated oil
was recorded.

(4) Open the valve at the outlet, and the pressure of the check
valve was gradually lowered to a target value. The variations
in pressure and produced oil were recorded.

(5) CO2 was injected at a constant rate of 0.1 mL/min. All valves
were closed to soak after injecting a certain amount of CO2.

(6) The valve at the outlet was open, and the back-pressure valve
was regulated to produce oil after a target soaking time. CO2
huff-n-puff was processed until oil was no longer produced.
The variations in pressure and oil production were recorded.

(7) Steps (1e6) were repeated to explore the impact of depletion
degree, CO2 injection volume and soaking time on enhanced
oil recovery.

3. Results and discussion

3.1. MMP of CO2 in crude oil

The minimum miscibility pressure of CO2 in crude oil was
determined by the slim tube method at 80 �C. The relationships of
Fig. 2. Schematic laboratory s
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oil-displacement efficiency and injection volume of CO2 under
various pressures (7, 15, 25, 32, 40, and 50 MPa) were plotted in
Fig. 3a. Generally, the oil-displacement efficiency after 1.2 pore
volume (PV) of CO2 injection is considered the oil-displacement
efficiency corresponding to the experimental pressure, and the
turning point of the curve showing the relationship between the
oil-displacement efficiency and the driving pressure denotes MMP.
Therefore, as seen in Fig. 3b, theMMP of CO2 in crude oil is 28.5MPa
approximately.

Despite its long-lasting measurements, the slim tube test is an
ideal one-dimensional model of the reservoir, bringing about
multiple equilibrium contacts between simultaneous flowing
fluids, widely accepted as the “industry standard” for determining
MMP (Elsharkawy et al., 1996; Dong et al., 2001; Zhang and Gu,
2015). The long slim tube yields a minimized effect of transition
zone length, and the small tube diameter mitigates viscous
fingering. Unfortunately, a standard for test design, operating
procedure, and criteria for determining MMP with slim tubes is
absent, which may result in discrepancies from test to test. More-
over, the impacts of packing material and porosity of a packed slim
tube on MMP remain controversial (Elsharkawy et al., 1996), giving
rise to difficulties in comparing obtained data with those from
other time-saving techniques (e.g., the pressure rising bubble
apparatus, the pressure-density diagram, the vanishing interfacial
tension, the sonic response method, the rapid pressure increase
method, etc.) (Hawthorne et al., 2013; Liu et al., 2016; Czarnota
et al., 2017a, 2017b).

3.2. Equivalent pressure

Following the procedure introduced in Section 2.2.2, the ob-
tained equivalent pressure was 22.82 MPa. The contents of added
light components and relevant parameters are listed in Table 4.
Accordingly, the CO2 huff-n-puff experiments using the simulated
oil were performed under a back pressure of 22.82 MPa.

3.3. CO2 huff-n-puff experiments

3.3.1. Impact of depletion degree on EOR of CO2 huff-n-puff
Greater depletion commonly leads to lower formation pressure

and a weaker effect of pressure replenishment by gas injection.
etup for CO2 huff-n-puff.



Fig. 3. Results of slim tube tests: (a) Oil-displacement efficiency vs. pore volume of CO2 injection; (b) Steady oil-displacement efficiency vs. displacement pressure.

Table 4
Oil components and relevant parameters corresponding to reservoir and experimental conditions.

Oil component, g MMP, MPa P, MPa Density, g/cm3 Viscosity, cP Gr g

Crude oil C7 C5

15.584 0 0 27.925 53 0.7444 0.2778 7.180394 1.8974
15.584 13.032 6.9 12.025 22.8227 0.7077 0.2641 7.180817 1.8974
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Consequently, an appropriate depletion degree is crucial to CO2
huff-n-puff. We tested the impacts of different depletion degrees
(30%, 20%, and 10%) on the recovery rate of CO2 huff-n-puff. The
corresponding CO2 injection volume and soaking time are 0.5 PV
and 10 h, respectively. The physical parameters of cores used in
these experiments are presented in Table 3 (rows 2e4). All exper-
iments were conducted under the equivalent pressure acquired in
Section 3.2. Fig. 4 shows experimental results of CO2 huff-n-puff
under various depletion degrees.

The depletion stage simulates oil recovery under natural reser-
voir energy. Fig. 4a demonstrates the inlet and outlet pressures and
recovery factors of CO2 HnP when the outlet pressure was depleted
to 30% of the initial backpressure. The inlet and outlet pressures at
the beginning of depletion were 23.56 and 22.88 MPa, respectively,
and then declined downward to 16.86 and 16.03 MPa at the end of
the depletion scenario. The recovery factor was approximately
3.03% during depletion. The internal pressure rose slowly with CO2
injection at the ‘huff’ scenario, suggesting effective pressure
replenishment. At the stage of soaking, CO2 injection ended while
the internal pressure continued to increase gradually, owing to the
increased elastic energy induced by dissolved CO2 in oil that leads
to oil swelling. Produced oil was collected at the ‘puff’ stage. The
internal pressure continuously declined until oil production ceased.
The oil recovery factor increased by 5.79% during CO2 huff-n-puff.

In comparison, despite the similar tendency at lower depletion
degrees of 20% (Fig. 4b) and 10% (Fig. 4c), higher remaining oil at
lower depletion degrees led to increased internal pressure as well
as a higher recovery factor. Oil recovery factors corresponding to
20% and 10% depletions were 6.68% and 7.65%, respectively. This
might be ascribed to a greater amount of dissolved CO2, resulting in
more significant gaseoilerock interactions and higher elastic
energy.

Fig. 5a compares the recovery factors under different depletion
degrees. The recovery factor decreases with increased depletion
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degree, demonstrating that CO2 can more effectively interact with
more oil under higher core pressure, yielding more significant oil
swelling and viscosity reduction. Moreover, the diffusion of CO2
molecules leads to higher oil recovery from small pores that cannot
be accessed during depletion.

3.3.2. Impact of CO2 injection volume on EOR of CO2 huff-n-puff
Injection volume of CO2 can significantly affect oil recovery.

However, an excess of gas injection may not be economical as the
mutual interactions between CO2 and oil are limited when CO2
injection is over a critical value. Thus, it is important to determine
an optimized volume of CO2 injected. We compared oil recoveries
under 0.5, 0.75, and 1.0 PV at 10% depletion. The physical param-
eters of cores used in these experiments are presented in Table 3
(rows 5e6).

Fig. 5b shows the recovery factor under different CO2 injection
volumes. The recovery factor presents a non-monotonic variation
with increased CO2 injection volume, indicating the existence of an
optimal value around 0.75 PV injection of CO2. As more CO2 dis-
solves into oil, the oil swells with a remarkable viscosity decreasing.
As oil production goes on, the core pressure declines gradually.
When the pressure is lower than the bubble point pressure, CO2
separates fromoil, driving a distinguished rising in oil production at
the late production stage. However, the recovery factor at 1 PV CO2
injection is lower than that at 0.75 PV, which may be restricted by
limited CO2 dissolution and asphaltene precipitation. The combi-
nation of asphaltene and resin components at high pressure and
temperature is inhibited, leading to severe asphaltene aggregation
and precipitation. This phenomenon is more prominent at high
pressure due to the shortened distance between asphaltene mol-
ecules (Cao and Gu, 2013). The precipitated asphaltene adsorbs at
solid surfaces or blocks pore throats. Shen and Sheng (2018)
experimentally reported that matrix permeability could be
reduced by 25%e50% due to asphaltene deposition during CO2 huff-



Fig. 4. Inlet and outlet pressures and recovery factors of CO2 huff-n-puff under various
depletion degrees: (a) 30% depletion; (b) 20% depletion; (c) 10% depletion.

Fig. 5. Recovery factors under different depletion degrees (a), CO2 injection volumes
(b), and soaking times (c).
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n-puff using Eagle Ford outcrop cores saturated with dead oil.
Therefore, formation damage caused by excess CO2 injection may
decrease oil recovery. Nevertheless, it is worth noting that the
permeability of the core used for 0.75 PV test is nearly one order of
magnitude lower than that used for 1.0 PV test, which may have an
367
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interference on the final oil recovery.
3.3.3. Impact of soaking time on EOR of CO2 huff-n-puff
Soaking time determines whether CO2 and oil interact

adequately to achieve effective oil swelling and viscosity reduction,
light component extraction, and surface wettability alteration.
Accordingly, soaking time is also crucial to the EOR of CO2 huff-n-
puff. We tested oil recoveries under three soaking periods (5, 10,
and 15 h) at 10% depletion and 0.75 PV injection of CO2. The
physical parameters of cores used in these experiments are pre-
sented in Table 3 (rows 7e8).

Similar to the impact of CO2 injection volume, the recovery
factor shows a non-monotonic tendency, i.e., it increases first and
then decreases with increased soaking time (Fig. 5c). The internal
core pressure is higher than the MMP (12.025 MPa) of CO2 in the
simulated oil, inferring a miscible state. Molecule diffusion domi-
nates mass transfer between CO2 and oil due to the absence of
convection during soaking in tight cores. The dissolution of CO2
increases with soaking time because diffusion is time-dependent
(Czarnota et al., 2018; Rezk and Foroozesh, 2019; Janiga et al.,
2020). Increased CO2 dissolution results in increased oil swelling,
viscosity reduction and interfacial tension change, yielding rising
oil recovery. The oil recovery reaches a peak after a 10-h soaking.
This is consistent with experimental results of static tests acquired
by Rezk and Foroozesh (2019), which showed that oil swelling,
viscosity reduction and interfacial tension arrive at an equilibrium
state after about 10-h interaction between CO2 and oil. However,
excess contacting time may give rise to asphaltene aggregation and
precipitation, leading to decreased oil recovery.
4. Conclusions

We conducted CO2 huff-n-puff experiments in natural
conglomerate cores to examine its feasibility in enhancing oil re-
covery in tight conglomerate reservoirs. The miscibility index was
proposed to characterize the miscible degree of CO2 in oil. The
similarity of miscibility index and Grashof number was used to
obtain a lab-controllable pressure that was equivalent to the for-
mation pressure. The equivalent pressure was calculated using the
WinProp mode in CMG. Our results allow drawing the following
conclusions.

(1) The experimental pressure could be equivalently reduced to
23 MPa to ensure lab security and CO2 flow similarity. The
absence of light components in the crude oil used in the slim-
tube test inferred that the MMP of CO2 in formation oil was
lower than the measured value of 28.5 MPa. Moreover, CO2
MMP in the simulated oil was 12.025 MPa, indicating a
miscible state during CO2 huff and soaking experiments.

(2) Oil recovery decreased with increased depletion degree. The
lower the depletion degree, the higher the core pressure, and
the greater the remaining oil. Therefore, CO2 can more
effectively interact with more oil, yielding more significant
oil swelling and viscosity reduction and thus higher oil
recovery.

(3) Oil recovery first raised and then declined with increased
CO2 injection volume and soaking time. Despite the more
effective interaction between CO2 and remaining oil with
increasingly dissolved CO2 and longer soaking time, the re-
covery factor may be restricted by limited CO2 dissolution
and asphaltene precipitation, yielding an optimal value of
CO2 injection as well as soaking time.
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