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ARTICLE INFO ABSTRACT

Keywords: We apply a numerical well test model that considers the transient flow in well and the complex displacement
Horizontal well mechanisms for the multiphase transient analysis of horizontal wells during CO2-EOR. Aimed to perform a
CO>-EOR systematic and reliable analysis, we run the model on a high-resolution non-uniform grid to accurately capture
Pressure transient analysis s : . . .

Miscibility the transient flow in the near wellbore region as well as the complex displacement process. In this work, we

interpret the pressure response curve in two steps to find the root causes of the particular transient behaviors.
First, we identify five typical flow regimes through the traditional pressure transient analysis method for hori-
zontal wells which gives us a basic understanding of the characteristics of the pressure response curve. Second,
assisted with the corresponding analysis method, we figure out the durations on the curve that correspond to
different component banks. By taking the complex displacement mechanisms into consideration, we find that the
component banks have a large influence on the curve and identify the root cause of each unique characteristic.
Besides, we conduct a systematic sensitivity analysis with respect to multiple parameters such as miscible
condition, wellbore storage coefficient, skin factor, horizontal well length, anisotropy, and amount of injected
COs,. Finally, we have a better understanding of the transient pressure behavior of horizontal wells during CO»-
EOR, find a way to determine the miscibility underground, and feel more confident in applying the pressure

Corresponding analysis

transient data for analysis and parameter estimation.

1. Introduction

As proven in multiple field applications (Malik and Islam, 2000;
Ghahfarokhi et al., 2016; Hosseininoosheri et al., 2018; Choi et al.,
2013; Zhang et al., 2015) and research work (Orr and Taber, 1984; Sun
et al., 2013; Altundas et al., 2017; Rognmo et al., 2019, 2020; Massar-
weh and Abushaikha, 2021; Wang et al., 2021), the CO»-EOR technology
holds great potentials to drastically enhance the oil recovery for sub-
surface reservoirs. Meanwhile, arised with an urgent demand for miti-
gating the greenhouse effect (Schneider, 1989; Nordhaus, 1991), it
becomes more and more attractive because of its environmentally
friendly way to store the CO3 in a depleted oil/gas reservoir. In field
applications, the performance of this technology is mainly evaluated by
two indicators including the development of miscibility and gas break-
through time. Owing to the obvious contrast between the viscosities of
oil and gas as well as the density, the factors such as the reservoir con-
dition, heterogeneity, and the composition of hydrocarbons both have a
great influence on the two indicators. Thus, the selection of an optimal

development strategy in CO2-EOR is more important than that in other
EOR technologies. As discussed in (Bagci, (2007)), the horizontal in-
jection well displays many advantages when compares with the vertical
wells. For example, it helps to gain high injectivity, a delayed break-
through of the injected CO,, and pressure maintenance that is quite
important for the development of miscibility. However, the viscous
fingering and gravity override (Moortgat, 2016; Lyu et al., 2021;
Tchelepi et al., 1993) that are mainly controlled by the viscosity and
density contrasts between oil and gas phases are still a concern as well as
the conventional patterns using vertical wells. Continuous monitoring of
the displacement process is quite necessary for a horizontal well during
CO2-EOR.

Currently, there are three methods to monitor the displacement
process: the seismic approach (Kendall et al., 2003; Araman et al., 2008;
Terrell et al., 2002), the mass balance equations (Tian and Zhao, 2008),
and the pressure transient analysis (MacAllister, 1987; Tang and
Ambastha, 1988; Su et al., 2015; Li et al., 2016, 2018). Having accurate
measurement and easy operation, the third one shows more prospects

* Corresponding author. Institute of Mechanics, Chinese Academy of Sciences, Beijing, China.

E-mail address: lilonglong.upc@gmail.com (L. Li).

https://doi.org/10.1016/j.petrol.2021.109895

Received 25 August 2021; Received in revised form 21 October 2021; Accepted 21 November 2021

Available online 26 November 2021
0920-4105/© 2021 Elsevier B.V. All rights reserved.


mailto:lilonglong.upc@gmail.com
www.sciencedirect.com/science/journal/09204105
https://www.elsevier.com/locate/petrol
https://doi.org/10.1016/j.petrol.2021.109895
https://doi.org/10.1016/j.petrol.2021.109895
https://doi.org/10.1016/j.petrol.2021.109895
http://crossmark.crossref.org/dialog/?doi=10.1016/j.petrol.2021.109895&domain=pdf

L. Liet al

than the previous two methods which are expensive in operation and
simplified a lot in assumption respectively. However, constrained by the
interpretation method, it is still challenging to take full use of the
transient data, especially for horizontal injection wells. In 1987, Mac-
Allister (1987) proposed a three-region composite analytical model for a
vertical injection well. Then, Tang et al. (Tang and Ambastha, 1988) and
Su et al. (2015) made some investigations following this conception. The
simplifications in the CO5 displacement process make it difficult to
reproduce the transient pressure accurately. To overcome the draw-
backs, Li et al. (2016) proposed a numerical well test model based on the
compositional model that can fully consider the complex mechanisms of
CO; flooding. Followed by this work, Li et al. (2018) included the
multi-segment well model into the numerical well test model and pro-
posed a corresponding analysis method to interpret the characteristics of
the well test curve in detail. Generally, the work is limited to vertical
wells. An investigation into the pressure transient analysis of horizontal
wells during CO2-EOR is quite necessary.

Regarding the well test theory of horizontal wells, researchers have
already proposed many well test models and made meaningful in-
vestigations. Clonts and Ramey (1986) proposed analytical equations for
two flow regimes including short-time radial flow and long-time pseu-
do-radial flow. Daviau et al. (1988) proposed analytical solutions for the
two flow regimes with consideration of the wellbore storage effect.
Goode and Thambynayagam (1987) proposed an analytical solution for
the pressure drawdown and buildup and identified four flow regimes
including early-time radial flow, intermediate-time linear flow,
late-intermediate-time radial flow, and late-time linear flow. Derived
from the previous work, many detailed investigations (Ozkan et al.,
1989; Odeh and Babu, 1989; Rosa and Carvalho, 1989; Kuchuk et al.,
1991; Kuchuk, 1995; Cheng, 2003) were conducted by considering
multiple boundary conditions. Moreover, Yao and Wu (2011) proposed
a numerical well test model using the streamline method which can
consider a multiphase flow in real geological models. Again, a well test
theory of horizontal CO; injection wells is quite needed since the above
work is not applicable in CO2-EOR.

In this work, we apply a numerical well test model for the multiphase
transient analysis of horizontal wells during CO»-EOR. Different from
the previous horizontal well models, the EoS based compositional model
is employed to consider the complex displacement mechanisms. More-
over, we implement the numerical well test model that also considers
the transient flow in well with the wellbore storage model in a fully-
implicit parallel reservoir simulator (Li and Abushaikha, 2019, 2020,
2021; Li et al., 2020). In this way, we can run simulations on a
high-resolution non-uniform grid to accurately capture the transient
behaviors. Then, we present a new approach that interprets the pressure
response curve in two steps to complete a root cause analysis of the
particular transient behaviors. First, we identify five flow regimes on the
log-log plot of pressure and pressure derivative curves using the tradi-
tional pressure transient analysis method. Benefit from that, we have a
basic understanding of the characteristics of the pressure response curve
from a horizontal CO; injection well. Second, we analyze the effect of
component banks, which are induced by the complex mechanisms of
CO;, flooding and make the curves different from those of traditional
horizontal well models, on the curves through the corresponding anal-
ysis method (Li et al., 2018). Taking the phase behavior of each bank
into interpretation, we have a further understanding of the transient
pressure behavior and find the root cause of the unique characteristics.
Besides, we conduct a systematic analysis of the pressure transient data
by investigating the sensitivity of the curves to miscible condition,
wellbore storage coefficient, skin factor, horizontal well length, anisot-
ropy, and amount of injected COs. The systematic work in this paper
provides theoretical and technical support for the pressure transient
analysis of a horizontal CO; injection well and points out a reliable way
to monitor the CO; displacement process in horizontal well patterns.
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2. Mathematical model

In this work, for the purpose of capturing the transient effects during
CO2-EOR accurately, we implement a numerical well test model that
couples the wellbore storage model and EoS based compositional model
in a fully-implicit parallel reservoir simulator (Li and Abushaikha, 2019,
2020, 2021; Li et al., 2020).

2.1. Conservation equations

Assuming n, hydrocarbon components in oil and gas phases under-
ground, the transport equations can be written as follows:

F) np ) np np B
o (z/) qu-ijj> + d1vaqujvj + Zx(jquj =0,c=1,...,n. 1
= — —

j=1 =1

Where t is the time; ¢ is the reservoir porosity; n, is the number of
phases; x,; is the mole fraction of component c in phase j; p is the phase
density; S is the saturation; g; is the phase rate per unit volume; n, is the
number of components; the Darcy velocity of phase j without consid-
ering the capillary pressure is:

v —K2vp, @

J

where K is the permeability in tensor format; u is the viscosity that is
evaluated by Lohrenz-Bray-Clark (LBC) correlation (Lohrenz et al.,
1964); Pis the pressure; ki; is the relative permeability of phase j which is
calculated as follows:

kyj = Fiki™ 4+ (1 — Fk®, 3)

where superscripts imm and mis represent the immiscible and miscible
conditions respectively; Fy is a factor used to describe the degree of
miscibility:
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where ¢ is the surface tension; oy is a reference surface tension; P, is the
parachor of component c; subscripts o and g represent the oil and gas
phases respectively. The relative permeability curve of phase j under
miscible condition is assumed to be a straight line (Li et al., 2016).

The transport equations are discretized in space by the finite volume
method and are discretized in time by the backward Euler approxima-
tion. Then, the discretized form can be written as follows:
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Where Vy, represents the grid-block volume; I represents the interfaces
of a grid block; the mobility of phase j over interface I that is defined as
/1}- = (ks/ uj)l is obtained by upstream weighting as well as p]l-; n+1andn
mean the current and previous time steps.

2.2. Thermodynamic equilibrium

In EoS based compositional model, the thermodynamic equilibrium
is applied to describe the mass transfer of hydrocarbons between oil and
gas phases that is the main mechanism and benefit of the CO-EOR
technology. For a full representation of the thermodynamic equilibrium,
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Fig. 1. A high-resolution non-uniform grid used for simulation (321300 cells).

we need to solve a severely nonlinear system that is composed of Egs.

(7)-(10).

Zz‘:V-xc‘g + Lxey, ¢ = 17 ceey ey @)
(péxro:[p;/xcgz C:L"-vnca (8)
L+V =1, (©)

Ne

Z (xm — xﬁg) =0.

c=1

(10)

Where L is the mole fraction of oil phase; V is the mole fraction of gas
phase; subscripts o and g represent oil and gas phases; 2. is the mole
fraction of component c in the hydrocarbon mixture; ¢ is the fugacity
coefficient calculated through Equation of State such as PR and SRK.

With known pressure, temperature, and a hydrocarbon mixture, we
can determine the mole fractions of hydrocarbon components in the oil
and gas phases by using the multiphase flash. Then, we are able to
calculate the parameters such as viscosity, density, saturation, and
relative permeability of each phase that are required in the transport
equations.

2.3. Wellbore storage model

We apply the wellbore storage model to consider the transient flow
in well. The model can be described as follows:

0ow
g = . 11
a-a=pC— an
nperf np ne k,j
9= Zi:l Wi, jzlzczl xfjpj; (ow 7Pi) . 12)
J

Where q is the constant molar rate; gp is the sandface molar rate; p, is the
molar density of the mixture in the wellbore; C is the wellbore storage
coefficient; P,y is the bottom hole pressure; nperf is the number of
perforated blocks along the horizontal well; P; is the pressure of the ith
perforated block; WI is the well index which can be shown as follows
when the horizontal well is in the x-direction.

wr— Py /K, K.Ax

T In(r,/re) + s’ as

where CF is the conversion factor; s is the skin factor; r, is the equivalent
wellbore radius that is derived by Peaceman (1983):

Table 1

Reservoir parameters.
Parameter Value Unit
Reservoir size 1500 x 1500 x 32 m
Initial pressure 80 bar
Temperature 353.15 K
Horizontal permeability 50 mD
Vertical permeability 50 mD
Porosity 0.2 -
Rock compressibility 7.2519e-5 bar™!
Reference surface tension 1.0 dynes/cm
Mole fraction (CO,, C4, C10) 0.1, 0.3, 0.6 -

Table 2

Well parameters.
Well Well type Wellbore Skin Wellbore storage

radius factor coefficient
Injection well Horizontal 0.1 m 0 0.1 m®/bar
Production Vertical 0.1m 0 0 m®/bar
wells
1/2

[(./K) a0 + (1K) ]
(K./K) T+ (/)™

14

r,=0.

3. Pressure transient analysis

In this section, we will study the pressure transient behavior of a
horizontal well during CO» flooding systematically. First, we present a
new approach that interprets the complex pressure response curve in
two steps to deeply analyze the characteristics of the pressure transient
behavior. Next, we conduct a systematic sensitivity analysis with respect
to multiple parameters to have a full understanding of the behavior.

Table 3
Injection/production strategy (The 2nd stage is the shut-in period).

Stage Simulation Injection well (Rate Production wells (BHP
time control) control)
1st 2000 days 10000 kmol/day 60 bar
stage
2nd 1000 h 0 kmol/day 60 bar

stage
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Fig. 2. Log-log plots of pressure change and pressure derivative at an immis-
cible condition. Five flow regimes are identified.

3.1. Interpretation method of the pressure transient data

Since the pressure transient data measured during the injection
period could be noisy, especially for gas injection wells, we will analyze
the data that is measured during the shut-in period. To complete a
reliable analysis, we run a 3D simulation of CO; flooding on a high-
resolution non-uniform grid that is shown in Fig. 1. The simulation pa-
rameters are listed in Tables 1-3. Four vertical production wells are
located at the corners of the reservoir; a horizontal CO; injection well
along the x-direction is located at the center of the reservoir with a well
length equalling 60 m.

a) CO, distribution

¢) Sg distribution

Journal of Petroleum Science and Engineering 210 (2022) 109895

We present a new approach to have a basic understanding of the
characteristics of the pressure response curve and find the root cause of
the particular transient behaviors. To reach this goal, we interpret the
curve in two steps. First, we identify the typical flow regimes of hori-
zontal wells with the traditional pressure transient analysis method.
Second, we analyze the effect of the component banks that are induced
by the complex mechanisms of CO3 flooding on the type curves through
the corresponding analysis method (Li et al., 2018).

3.1.1. Identification of typical flow regimes

Here, we interpret the pressure transient data with a traditional
theory where a combined log-log plot of pressure and pressure deriva-
tive is taken as a diagnostic and interpretation tool. As shown in Fig. 2,
we identify five flow regimes with different durations.

Regime I: afterflow. The flow in this period is mainly controlled by
the compressibility of the fluid in the wellbore and the skin factor. Thus,
the data in this period contains little or no information related to the
reservoir.

Regime II: early-time radial flow. The flow pattern in this period is
radial around the wellbore. Usually, it continues until the effect of the
upper and lower boundary is felt at the wellbore.

Regime III: intermediate-time linear flow. If the well length is
much longer than the formation thickness, this linear flow may occur
after the effect of the two impermeable boundaries in vertical direction
is felt at the wellbore.

Regime IV: pseudo-late radial flow. If the reservoir domain is large
enough, this flow regime will take place when the intermediate-time
linear flow regime is finished but the pressure transient does not reach
the outer boundaries yet. Usually, the pressure derivative flattens in this
period. But the complex mechanisms of CO, flooding that induce a
nonuniform mobility distribution make the transient behavior of this
regime different. We will interpret the characteristics of the curves in
detail in the next section.

Pressure
86.5
I 84.0

= 80.0

76,0
h | |68'0
o< X - 64.8

d) Pressure distribution

Fig. 3. COy, C4, Sg, and pressure distributions at an immiscible condition (T = 2000 days).
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Fig. 4. Interpret the pressure response curve with the corresponding analysis
method (at an immiscible condition). The centroids of the grid blocks that are
taken as the end points of pure CO, region, C;o bank, and C4 bank are [72.5,
85], [150, 2301, and [230, 410] respectively.

Regime V: boundary dominated flow. In the late time of the test,
we will observe a boundary dominated flow once the pressure transient
reaches the outer boundary.

3.1.2. The effect of complex mechanisms of COz flooding

The distributions of COa, C4, Sg, and pressure are shown in Fig. 3
from where we can see that the injected CO5 displaces the crude oil at an
immiscible condition. Moreover, we find several distinguishable regions
such as pure CO; region, C;( bank where there is no C4 and is not filled
with pure CO3, C4 bank, and crude oil region. As the phase behaviors in
the regions differ a lot, the effect of the four regions should be taken into
account for the pressure transient analysis if we want to know the root
causes of the particular transient behaviors. We will investigate how
these component banks affect the curves through the corresponding
analysis method (Li et al., 2018).

In Fig. 4, we draw the pressure variations of three grid blocks which
are located at the outer boundaries of the pure CO5 region, C;¢ bank, and
C4 bank. By aligning the x-coordinate with the log-log plot of pressure
and pressure derivative, we are able to determine the time when the
effects of C;g bank, C4 bank, and crude oil region are felt at the wellbore.
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Then, we figure out four durations on the curves that correspond to the
component banks and get new insights into the pressure transient
behavior.

Pure CO; region. The early-time radial flow and intermediate-time
linear flow are both developed inside the pure CO; region. Since the
component distribution in this region is uniform, the characteristics of
the pressure derivative curve are similar to that from traditional models
assuming a horizontal well in a single-phase reservoir.

Cy0 bank. The effect of this bank is felt at the wellbore in the pseudo-
late radial flow regime. Usually, the pressure derivative curve in this
regime is flat according to the theories of traditional models. However,
in CO2-EOR, the existence of the C;¢ bank which holds lower mobility
than that of the pure CO, region changes the behavior of this flow
regime and makes the derivative go up.

C4 bank. The pseudo-late radial flow continues in the C4 bank.
Controlled by the complex mechanisms of CO; flooding, the Cy4 starts to
emerge and leads to a sharp reduction in gas saturation in this region. It
results in a reduction of the mobility which affects the characteristics of
the curves and makes the pressure derivative move upward with a
higher positive slope.

Crude oil region. The pseudo-late radial flow continues in the crude
oil region as well. Without any injected CO5, the mobility in this region
is even lower than the C4 bank which makes the pressure derivative
curve go up furthermore. Providing enough shut-in duration, the
boundary dominated flow regime could also occur in this region once
the pressure transient reaches the outer boundary.

3.2. Systematic analysis of the pressure transient data

In this section, we will conduct a systematic analysis of the pressure
transient data by studying the sensitivity of the curves to multiple pa-
rameters such as miscible condition, wellbore storage coefficient, skin
factor, horizontal well length, anisotropy, and amount of injected COx.

3.2.1. Miscibility

The development of miscibility makes the leading and trailing shocks
closer and changes the component banks. Thus, the miscibility will have
an influence on the pressure transient behavior. Here, we change the
initial pressure to 170 bar and the bottom hole pressure of producers to
150 bar. From the distributions of COs, C4, S, and pressure in Fig. 5, we
can see that the flooding process is under a miscible condition. Then, we
could compare the curves at the miscible condition to those at the
immiscible condition. Note, the settings in this case are applied in the
following cases as well.

The curves at miscible and immiscible conditions are shown in Fig. 6.
It is clear that miscibility has a great influence on the pressure transient
behavior. The pressure and pressure derivative curves at the miscible
condition are lower than those at the immiscible condition. What is
important is that it turns out a typical pseudo-late radial flow regime. To
quantitatively interpret the difference, we will analyze the effect of
component banks on the curves using the corresponding analysis
method again.

From Fig. 7, we can see that the duration corresponding to the pure
COq region is much longer than that at the immiscible condition. As
there is time enough to develop a pseudo-late radial flow regime, we can
observe a nearly horizontal line in the pure CO2 region which is similar
to the traditional horizontal well test models. Besides, the durations
corresponding to the Cyo and C4 banks are significantly shrunk. The
reason is that with the development of the miscibility, the leading shock
and trailing shock become very sharp and approach each other. It results
in a drastically shrunk mixing zone which further reduces the corre-
sponding time duration on the curves. Moreover, the fact that the dif-
ference of fluid properties between pure CO5, C4, and C;o banks is much
less than that at the immiscible condition mitigates the upward trend of
the pressure derivative curve. It points out a promising approach to
estimate the miscibility underground from the difference of the curves
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Fig. 5. COy, C4, Sg, and pressure distributions at a miscible condition (T = 2000 days).
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Fig. 6. The effect of miscibility on the pressure and pressure derivative curves.
between miscible and immiscible conditions.

3.2.2. Wellbore storage coefficient

The injection well may have a large wellbore storage coefficient
owing to the high compressibility of pure CO2. We should know how the
coefficient influences the pressure transient behavior in a wide range to
design a proper location of the packer. For this purpose, we run several
simulations with different wellbore storage coefficients. As shown in
Fig. 8, the coefficient has a great influence on the curves, especially in
the early time flow regimes. The developing time of the regimes is
postponed and even covered with its increase. What is worse, a

significantly high coefficient, which could be introduced by a long
horizontal well, will not only cover the behaviors of early-time flow
regimes but also the intermediate-time linear flow and even the pseudo-
late radial flow. As a result, to make the pressure transient data reflect
more information in the reservoir, the downhole shut-in tool that can
minimize the wellbore storage effect is highly recommended for the well
test of a horizontal CO; injection well.

3.2.3. Skin factor

The skin factor is an important parameter to characterize the well
condition. Here, we will run several simulations with different skin
factors to investigate their effect on the pressure transient behavior.
From Fig. 9, we can find that the curves are sensitive to the skin factor.
The pressure drop curve goes up with the increase of the skin factor
when the derivative curve only moves upward in the early time flow
regimes. It points out a promising prospect that the permeability
modification, which is caused by CO-fluid-rock interactions and is a
concern in the CO5 injectivity analysis, can be estimated by making use
of the pressure transient data.

3.2.4. Horizontal well length

It is quite important for a field manager to know the well length that
has a great influence on the CO2-EOR performance before making any
decisions. However, the fact that the effective length is often less than
the drilled length makes it difficult. As an effective way, the pressure
transient data is usually applied to evaluate the effective length ac-
cording to the traditional horizontal well test models. In this work, we
should investigate whether the component banks induced by the com-
plex mechanisms of CO; flooding degenerate it or not.

We run simulations with the well length equalling 30, 60, 90 m
respectively. From Fig. 10, we can see that the length has a great in-
fluence on the curves. The pressure drop curve moves downward with
the increase of the length when the pressure derivative curve only moves
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Fig. 8. The effect of wellbore storage coefficient on the pressure and pressure
derivative curves.
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Fig. 9. The effect of skin factor on the pressure and pressure derivative curves.
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tive curves.
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and pressure derivative curves.

downward before a certain time. The reason is that a longer horizontal
well that connects the well and formation better reduces the flow
resistance. Thanks to the sensitivity, we feel confident to apply the
pressure transient data to evaluate the effective length during COy
flooding.

3.2.5. Ratio of vertical to horizontal permeability

Another important factor affecting the CO2-EOR performance is the
anisotropy. Here, we run several simulations with different ratios of
vertical to horizontal permeability. As we can see in Fig. 11, the ratio
influences the curves significantly. The pressure drop curve moves
downward with its increase when the pressure derivative curve goes
down before the pseudo-late radial flow regime. Moreover, it becomes
difficult to identify the first radial flow regime on the pressure derivative
curve when the ratio is small. In other words, the first radial flow regime
may fail to develop in severe anisotropy cases. Benefit from the sensi-
tivity, we could apply the pressure transient data to estimate the
anisotropy underground as well.

3.2.6. Amount of injected CO>

Continuous monitoring of the CO, displacement process based on
well test holds promising prospects since the measurement of the bottom
hole pressure is cheap and easy to operate. But the feasibility of this
approach is dependent on the sensitivity of the curves to the amount of
injected COs. In this work, we run several simulations with different
injection time. From Fig. 12, we can find that the amount of injected CO,
has a great effect on the curves. The time when the crude oil region is felt
at the wellbore is postponed with the increase of the amount of injected
COs. The reason is that the high compressibility of the CO2 could slow
down the propagation of the transient pressure. Therefore, we can
conclude that the pressure transient data is sensitive to the amount of
injected CO, and can be used to continuously monitor the CO,
displacement process.

4. Conclusions

In this work, we have coupled the wellbore storage model and EoS
based compositional model in a fully-implicit parallel reservoir simu-
lator. The two models enable the simulator to reproduce the transient
flow in well and the complex displacement process during CO2-EOR
respectively. The CPU-based parallel algorithm makes it possible to run
a simulation on a high-resolution non-uniform grid that helps to capture
the transient behaviors during CO, flooding accurately.

We presented a new approach that interprets the pressure response
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curve in two steps. First, we identified five flow regimes on the type
curves according to the traditional pressure transient analysis method
for horizontal wells. Based on that, we get a basic understanding of the
flow patterns as well as the characteristics of the pressure transient
behavior. Second, we interpreted the type curves furthermore through
the corresponding analysis method. We figured out the durations on the
curves that correspond to different component banks. Then, we con-
ducted a root cause analysis in detail for the particular transient be-
haviors by taking the phase behavior of each bank into the
interpretation. After all, we have a deep understanding of the pressure
transient behavior of a horizontal well during CO,-EOR.

Besides, we investigated the sensitivity of the pressure transient data
to the miscible condition, wellbore storage coefficient, skin factor,
horizontal well length, anisotropy, and amount of injected CO,. The
systematic sensitivity analysis points out that the multiple parameters
both have an influence on the data. Meanwhile, the way these param-
eters act on the type curves indicates the feasibility of applying the
measured transient data for parameter evaluation. We can conclude that
the work in this paper provides a cheap and reliable way to monitor the
CO4, displacement process in horizontal well patterns.

The water alternating gas (WAG) injection could improve the sweep
efficiency of CO2-EOR. But inappropriately designed WAG parameters
will reduce the performance significantly. We will investigate the
feasibility of monitoring the more complicated displacement process
with pressure transient data. Moreover, we want to point out that the
CCS process where CO; is injected into saline aquifers is similar to the
immiscible flooding process in this work. However, since the properties
of saline water and hydrocarbon may differ a lot, we need to invest more
effort in the multiphase transient analysis during saline aquifer CO,
storage. Besides, we will investigate the effect of capillary pressure on
the pressure transient behavior during CO»-EOR in our future work.
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