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Abstract: The gas—water relative permeability curve plays a crucial role in reservoir simulation
and development for condensate gas reservoirs. This paper conducted a series of high-temperature
and high-pressure analysis experiments on real gas cores from Wells A and B in Block L of the
Yinggehai Basin to investigate the effects of temperature, pressure, and different types of gas media
on gas-water seepage. The gas—water relative permeability was simulated in this experiment through
variations in temperature, pressure, and gas composition. Temperature has a significant impact on
both gas and water relative permeability, particularly on gas relative permeability. As temperature
increases, gas relative permeability shows a substantial increase, while water relative permeability
remains relatively unchanged. Under the same effective stress, increasing pressure causes downward
shifts in both the gas and water relative permeability curves; however, there is a more pronounced
decrease in gas relative permeability. Gas composition has minimal influence on the gas-water
relative permeability except at higher water saturation where differences become apparent. When
water saturation ranges from 80% to 50%, there is no significant variation observed in the measured
relative permeability of different displacement gases. However, as water saturation exceeds 80%,
distinctions gradually emerge. The relative permeability of nitrogen is approximately 92% lower than
that of mixed gas when the bound water saturation reaches 80%. This investigation provides valuable
insights into the characteristics of gas—water relative permeability in high-temperature and high-
pressure condensate reservoirs within Yinggehai Basin, thereby offering significant contributions to
development strategies for similar reservoirs.

Keywords: gas-water relative permeability; high temperature; high pressure; condensate gas reservoir;
influencing factors

1. Introduction

Natural gas is a naturally gaseous hydrocarbon mixture that is formed under the
earth’s surface [1]. Natural gas is considered to be the cleanest fossil fuel and is a safe
source of energy when transported, stored, and used. The Yinggehai Basin in the South
China Sea harbors abundant natural gas resources characterized by high-temperature and
-pressure conditions, with temperatures reaching up to 216 °C and pressures peaking at
13,485 psi. However, the extreme temperature and pressure systems pose challenges for
the development of such reservoirs. Not only do they impose more rigorous technical
requirements throughout the development process, but they also pave the way for novel
avenues of research into fluid physical properties. For instance, high-temperature and high-
pressure formation fluids exhibit large deviation coefficients (Z > 2.0), surpassing typical
industry charts (Z < 1.7) commonly used for the evaluation of gas reservoir reserves and
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engineering calculations [2]. Moreover, the fluids often display near-critical characteristics
due to condensate gas properties, such as low gas-liquid surface tension [3].

The measurement methods, experimental procedures, and analyses of experimental re-
sults of gas—water relative permeability have been extensively researched by both domestic
and international scholars [4]. The Buckley—-Leverett displacement mechanism is effectively
applied in waterflooding performance [5]. Rapoport and Leas introduced the concept
of an unsteady relative permeability testing method, followed by further investigations
carried out by Potter [6]. Furthermore, the study examines the gas-water flow behavior in
fractures, with a particular focus on how water saturation affects the relative permeability
coefficient of the gas phase. The findings indicate that an increase in water saturation
leads to a decrease in gas relative permeability [7]. The gas—water relative permeability
of coal cores was assessed using the unsteady state method to measure and establish the
phase permeability curve [8]. A method measured fractal flow experimental data related
to gas relative permeability and water relative permeability during gas—water two-phase
seepage [9]. Although the experimental principle for obtaining gas-water relative perme-
ability is relatively clear, there is still a lack of research on high-temperature (>100 °C) and
high-pressure (>5801 psi) conditions, resulting in an unclear understanding of the relative
permeability law.

In light of the current limitations in experimental instruments for measuring gas-water
relative permeability under high-temperature and high-pressure conditions, this paper
presents a set of precise gas-water phase permeability measurement equipment capable of
accurately separating and quantifying water and gas output at temperatures up to 250 °C
and pressures up to 18,130 psi. The gas—water relative permeability of three cores from
Wells A and B in Yinggehai Basin is examined under these extreme formation conditions,
elucidating the effects of varying temperatures, pressures, and gas compositions on the
characteristics of gas—water phase infiltration.

2. Materials and Methods
2.1. Experiment

It is challenging to attain the required temperature and pressure during the execu-
tion of high-temperature and high-pressure gas—water relative permeability experiments
using traditional experimental devices. The precision of water quantity measurements
and the fluctuation in the back-pressure valve also significantly impact test results. In
high-temperature and high-pressure gas reservoirs, the rock’s pore volume undergoes
compression due to elevated pressure, resulting in a reduction in porosity. It is noteworthy
that the presence of water at the core’s end leads to a significant decline in gas production
within a short period, accompanied by a rapid increase in water content. Consequently,
conventional measurement methods fail to achieve precise measurements.

Therefore, an independently designed relative permeability measurement device has
been developed that enables accurate separation and quantification of effluent and gas
volumes under high-temperature and high-pressure conditions.

The device comprises a high-temperature and high-pressure core gripper, thermostat,
electric displacement pump, back-pressure pump, gas—water separation metering device,
gas booster pump, and console. The high-temperature and high-pressure core holder can
withstand temperatures up to 250 °C and pressures up to 17,404 psi. The thermostat can be
heated stably up to 280 °C.

The gas—water separation metering device enables the full and rapid separation of
gas and water while achieving real-time measurements with the visualization capillary
method and image recognition-based gas-liquid interface method with an accuracy of up
to 0.05 mL, which meets the requirements for high-temperature and -pressure experiments.
Figure 1 illustrates the experimental flow for measuring gas—water relative permeability
under high-temperature and -pressure conditions.
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Figure 1. Experimental process of gas—water relative permeability under high-temperature and high-
pressure conditions. 1. Displacement pump; 2. Gas intermediate container; 3. Water intermediate
container; 4. Air-water balance shaker; 5. Gripper; 6. Pressure valve; 7. Cooling device; 8. Gas-liquid
separator; 9. Balance; 10. Gas meter; 11. Industrial cameras; 12. Inlet pressure gauge; 13. Export

pressure gauge; 14. Back-pressure gauge; 15. Back-pressure pump; 16. Confining pressure pump;
17. Confining pressure gauge; 18. Thermostat.

The experimental measurement device for gas—water relative permeability under
high-temperature and high-pressure conditions in the laboratory is depicted in Figure 2.
The figure includes labels indicating the names of significant equipment.
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Figure 2. The experimental device for measuring gas-water relative permeability under high tem-
perature and high pressure and the crucial pieces of equipment, including the command center,

displacement pump, automatic metering system, thermostat, core holder, confining pressure pump
and back-pressure pump.

2.2. Samples
(1) Core

The cores used in the experiment were real cores taken from the target interval of
the gas reservoir of Well A and Well B. Cores with relatively little damage were selected
for numbering and trimming. Their basic parameters are shown in Table 1. The core

permeability of the Well A gas reservoir is about 6 uD, and that of the Well B gas reservoir
is about 2.5 uD, both of which are low-permeability cores.
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Table 1. Physical parameters of the core samples.
Diameter . . e 1o Permeabilit
Core Number Length (cm) (cm) Weight (g) Pressure (psi) Porosity (%) (mD) y
Well A 1-14 3.478 2.502 37.3767 493 19.32 6.1480
Well B 2-12 3.294 2.476 35.0675 493 16.73 2.5540
Well B 2-20 3.438 2.474 36.1635 493 17.98 2.4300

(2) Mixed Gas

The natural gas composition of the Well B reservoir is mainly methane, the molar
content is 88.6%, and the composition also contains a small amount of CO; and Nj. Ac-
cording to this composition, a mixed gas was configured to carry out core displacement
experiments.

(3) Formation Water

The original data showed that the formation water salinity was 36,491 mg/L.

2.3. Experimental Plan

The present experiment is based on the gas—water relative permeability test conducted
under conditions of high temperature and high pressure. Three different experimental
conditions, including varying temperatures, pressures, and gas compositions, were selected
to measure the relative permeability results. Based on these experimental findings, the
impacts of temperature, pressure, and gas composition on the infiltration behavior of
gas—water two phase flow under high temperature and high pressure were discussed.

For the confirmed core and formation water, the main factors affecting gas—water
relative permeability are pressure, temperature, and gas composition. Aiming at these
influencing factors, a series of experiments were designed, and the experimental scheme is
shown in Table 2.

Table 2. Parameters of the core samples.

Sample # Core No. Permeability (mD) Influencing Factors
1 Well A 1-14 6.1480 stress
2 Well B 2-12 2.5540 temperature
3 Well B 2-20 2.4300 temperature
4 Well B 2-12 2.5540 gaseous medium

2.4. Core Saturation

The gas test method was employed to measure the permeability (Kg) and porosity (P)
of each core. The core, with a length (L) and diameter (D), should be dried at a temperature
of 116 °C for a minimum duration of 4 h. Subsequently, the dried core is to be removed
and cooled in a dryer. Once cooled, the weight (m1) after drying is determined using an
electronic balance.

After weighing, the core and saturated water are subjected to vacuuming at a pressure
of 1.3 Pa for a minimum of 4 h each. Following this, the rock ventricle is injected with
saturated water and vacuumed for an additional hour. Once the saturated water has been
pumped out, the vacuum device is closed and the valve connected to the atmosphere of the
rock chamber is opened, allowing it to rest for 12 h.

The experimenter removed the saturated core and dried the surface of the floating
water. The weight, m2, after core saturation was measured experimentally, and the porosity,
®,, was calculated based on core liquid measurements. If the relative error between
porosity @1 and porosity @ is less than 2%, saturation is considered complete. Otherwise,
pressure saturation will be conducted by applying a pressure of 725 psi to 2901 psi without
causing any damage to the core. After saturating for more than 12 h, the recalculated core
fluid porosity @1 was determined.
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2.5. The Formation Temperature and Pressure Conditions

The experimenter placed the core into the core holder, introduced formation water
into the intermediate container, and pressurized the experimental gas for utilization. After
connecting the experimental process, the return pressure valve was initially pressurized
to 725 psi, followed by the driving of the core using formation water until water flowed
out from the outlet. Upon reaching the outlet end of water flow, the back pressure was
increased by 290 psi while maintaining a displacement pressure of 290 psi. To prevent
damage to the core, this increase in back pressure simultaneously raised both the confin-
ing and displacement pressures while maintaining a stress difference between them at
approximately 725 psi to 1160 psi.

Once the internal pressure reached the formation pressure, further incrementation
ceased and only the confining pressure above the overlying formation pressure was in-
creased. The incubator was utilized to heat up to the formation temperature.

Through these aforementioned experimental procedures, personnel successfully estab-
lished the conditions of formation temperature and pressure.

2.6. Water-Phase Permeability

The water phase permeability, serving as the fundamental parameter for water—gas
relative permeability, is determined through constant pressure displacement experiments.
Once the experiment reaches a stable state in terms of pressure and flow rate, the inlet
pressure, outlet pressure, and flow rate are recorded. The Darcy Formula (1) is then
employed to calculate the water permeability.

To meet experimental requirements, three consecutive measurements of the water
phase permeability are conducted with a relative deviation of less than 3%. This ensures
the accurate determination of the water phase permeability.

Q,”wL
K = =— x 100 1
AAP ()
where K is the water phase permeability under formation conditions, mD; Q is the flow
rate through the core under formation conditions, mL/s; yy, is the viscosity of water under
formation conditions, mPa-s; L is the core length, cm; A is the core cross-sectional area, cm?;
and AP is the pressure difference between the inlet and outlet of the core, MPa.

2.7. Gas Drive

To determine the relative permeability curve of high-temperature and high-pressure
solution gas drive using the constant pressure method. It is crucial to carefully select an
appropriate displacement pressure difference. The chosen pressure difference must ensure
that turbulence does not occur during the experiment.

Maintain a constant pressure in the displacement pump based on the selected displace-
ment pressure difference. Once the pressure stabilizes, initiate data collection by clicking on
the software. The software will automatically record parameters such as liquid production,
gas production, inlet pressure, outlet pressure, and time. The data collection interval should
be set between 2 to 10 s. Subsequently, commence the solution gas drive experiment.

After completion of the experiment, measure the effective permeability of the gas
at both half- and quarter-displacement pressures, respectively. Based on the disparity
between the low-pressure and high-pressure permeabilities, determine if turbulent flow
has occurred. Typically, if the low-pressure differential permeability exceeds 10% of its
high-pressure counterpart, it indicates turbulence in this experiment.

2.8. Water Drive

After conducting the gas-driven water experiment, gradually increase the displace-
ment pressure differential until no further water efflux is observed, and meticulously
document the cumulative water production. The aforementioned recorded total water
production will be converted to reflect formation conditions, enabling computation of the
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irreducible water saturation, Sw, based on the correlation between the irreducible water
saturation under formation conditions and the total pore volume of the core.

The determination of confined underwater gas permeability is conducted by setting
the displacement pressure and stabilizing the pressure and flow rate. Subsequently, the inlet
pressure, outlet pressure, and flow rate are recorded to calculate the gas phase permeability
using Formula (2). To complete the measurement of the gas phase permeability, three
consecutive measurements are performed with a relative deviation of less than 3%. This
measured gas permeability serves as the fundamental value for the water-driven gas
relative permeability.
2P, QugL

K=-——2=r8__
A(Pf = P3)

x 100 )

K is the gas phase permeability under formation conditions, mD. Q is the flow rate
through the core under formation conditions, mL/s. ji is the viscosity of gas under
formation conditions, mPa-s. L is the core length, cm. A is the core cross-sectional area, cm?.
P, is the pressure at the outlet end of the core under the formation condition, MPa. Py is
the pressure at the inlet of the core under the formation condition, MPa.

The water-driven gas flow proceeds as follows: based on selected displacement pres-
sure difference or flow rate, set up a displacement pump and initiate data collection. Record
liquid production, gas production, inlet pressure, outlet pressure, and time while setting
interval between 2 and 10 s. Commence with the water—gas displacement experiment.

3. Correction

The measurement of the gas-water relative permeability curve under room conditions
follows the Buckley-Leverett equation. Under the environment of high pressure high
temperature, the dissolved gas amount will have a large increase in the formation water,
and the volume of water and gas will have a large change too. Thus, the cumulative water
(V) and cumulative gas (V,,) will have a large difference between the room environment
and the formation environment. As a result, we should make correction for the parameters
from room to formation by using the following equations [10].

3.1. Water Volume

The water volume correction, accounting for the variation volume from underground
formation conditions to the surface, is performed using Formula (3).

Viw = Vew X By 3)

The water volume V;, (mL) under formation conditions is determined by the product
of the liquid volume Vsw (mL) and the surface condition’s volume factors of water By,.

3.2. Gas Volume

The gas volume correction, accounting for the variation in gas volume from under-
ground formation conditions to the surface, is performed using Formula (4).

Ve = Vg X By (4)

The volume of gas Vg (mL) under formation conditions is determined by multiplying
the gas volume Vg (mL) under ground conditions with the volume factors of gas By.

3.3. Average Pressure Correction of Gas Volume

The average pressure correction of the gas volume is shown in Formula (5).

2D Ay (5)

Vi= AVO(w)i +Via+ m Qi
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where V; is the value of the cumulative moisture production at time i, mL; AV, is
the value of the water increment from time i — 1 to time i, mL; V;_q is the value of the
accumulated moisture production at the time i — 1, mL; P; is the pressure at the outlet end
of the core under the formation condition, MPa; AP is the displacement pressure difference,
MPa; and AV, is the value of the gas increment measured at the outlet at a certain time
interval, mL.

3.4. Gas—Water Relative Permeability Calculation Method

The unsteady gas—water relative permeability characterization method was developed
based on the calculation formula for oil-water phase permeability.
For the calculation method of the gas drive, refer to Formulas (6)—(10).

fw(Sg) = %’((:)) (6)
Krw = fw(Sg)m @)
o — Krpts L= fw(Sg)
8 F(sg) ®
Sg = Vu(t) — V(1) fw(Sg) ©)
_ Q) AR
=", 8p(1) (10

where fw(Sg) is the value of water content, expressed as a decimal; V(t) is the value of
dimensionless cumulative water recovery, expressed as a multiple of pore volume; V(t)
is the value of dimensionless cumulative production, expressed as a multiple of the pore
volume; Krw is the value of the relative permeability of the water phase, expressed as a
decimal; Krg is the gas phase relative permeability value, expressed as a decimal; I is the
value of the relative injection capacity, also known as flow capacity; and Sg is the value of
gas saturation on the end face of the outlet of the rock sample, expressed as a decimal.

The water driven calculation is shown in Formulas (11)-(14). In addition, the value of
the relative injection capacity is calculated by reference to Formula (10).

f8(5w) = %gg (11)
Krg = fg(Sw)m (12)
_ grotw 1= fe(5w)
Krw = Krg ne  Fe(50) (13)
Sw = Sws + Vg(t) — V(t)fg(Sw) (14)

where fg(Sw) is the value of the gas content, expressed as a decimal; Vg(t) is the value of
the cumulative amount of water extracted without a result, expressed as a multiple of the
pore volume; V(t) is the value of cumulative production without a result, expressed as a
multiple of pore volume; Krw is the value of the relative permeability of the water phase,
expressed as a decimal; Krg is a numerical value of the relative permeability of the gas
phase, expressed as a decimal; I is the value of the relative injection capacity, also known as
flow capacity; and Sw is the value of the water saturation of the outlet end face of the rock
sample, expressed as a decimal.
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4. Results

The majority of domestic and foreign experiments on the gas—water relative perme-
ability at high temperature and high pressure are limited to either high-temperature or
high-pressure conditions.

Furthermore, even the research conducted under high temperature and high pressure
falls significantly below the current formation pressure of high-pressure gas reservoirs.
Additionally, there is a lack of quantitative comparison between conventional and high-
temperature/high-pressure relative permeability using the same core [11,12].

4.1. Effect of Temperature on Gas—Water Relative Permeability

The gas—water relative permeability experiment was conducted on core 2-12 of Well
B at temperatures of 180 °C and 100 °C, while core 2-20 of Well B was selected for the
experiment at temperatures of 160 °C and 130 °C. Mixed gas was used as the medium, and
the experimental pressure was maintained at 70 MPa. The resulting gas—water relative
permeability curve is presented in Figure 3. The experimental findings demonstrate that
temperature exerts a significant influence on both gas and water relative permeability,
particularly on the former.

o
®

e
o)

o
)

Relative permeability, fraction
(=1
S

(=]

0 0.2 0.4 0.6 0.8 1
Gas saturation, fraction
—— Krg (100C) Krw (100°C) Krg (130°C)
Krw (130C) =—#&—Krg (160C) —#&—Krw (160°C)
—&—Krg (180°C) —#—Krw (180°C)

Figure 3. Measurement results of the gas—water relative permeability at different temperature
conditions.

With the rise in temperature, the saturation of the bound water decreases, leading to
an expansion of the gas—water two-phase seepage zone. Additionally, there is a significant
increase in relative permeability for the gas phase, while minimal changes occur for the
water phase. Consequently, the gas—water relative permeability curve shifts towards the
upper left.

This phenomenon can be attributed to the larger intermolecular spacing within gas
molecules, making them more sensitive to temperature and exhibiting increased activity as
temperature rises. As a result, their relative permeability increases accordingly. Elevated
temperatures also enhance molecular motion, facilitate gas dissolution, and reduce inter-
facial tension between the gas and water phases. The effects collectively diminish water
phase entrapment within pores and adhesion on rock surfaces, ultimately resulting in a
decrease in irreducible water saturation with increasing temperature. Furthermore, higher
temperatures lead to a gradual convergence of gas—water viscosities along with decreased
interfacial tension and capillary pressure, consequently widening the gas—water two-phase
seepage zone and gradually improving overall sweep efficiency.
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4.2. Effect of Pressure on Gas—Water Relative Permeability

The experimental sample chosen for analysis was Core 1-14 of Well A in Block A.
Utilizing mixed gas as the medium, the determination of the gas—water relative permeability
was conducted using the constant pressure method at an experimental temperature of
160 °C and varying experimental pressures of 10,153 psi, 7521 psi, 4351 psi, and 1450 psi
respectively.

The gas—water relative permeability curves under different fluid pressures are depicted
in Figure 4. It is evident from the curve that, at a constant effective stress, both the gas and
water phases exhibit a downward shift in their respective relative permeability curves with
increasing experimental fluid pressure. Notably, when the fluid pressure reaches 1450 psi
and 4351 psi, the gas relative permeability curves display similar trends. Similarly, at fluid
pressures of 7521 psi and 10,153 psi, there is close resemblance between the gas relative
permeability curves.

<
o)

<
o

Relative permeability, fraction
()
W

0.2
O 1 1
0 0.2 0.4 0.6 0.8 1
Gas saturation, fraction
——Krg (1450 psi) Krw (1450 psi)
Krg (4351 psi Krw (4351 psi)
—&— Krg (7251 psi) —— Krw (7251 psi)

—8—Krg (10153 psi) ~ ——Krw (10153 psi)

Figure 4. Measurement results of the gas—water relative permeability under different pressure
conditions.

This is closely related to temperature—pressure and core physical property parameters
during the experiment. With the increase in experimental fluid pressure, the viscosity of
the gas and formation water increases, but the increase proportions are different, resulting
in different gas—water relative permeability changes.

The experimental results demonstrate that the pressure drop during formation sig-
nificantly impacts the gas—water relative permeability curve. Under a specific confining
pressure, as the experimental fluid pressure decreases, the effective stress on the core
increases, leading to a decrease in both the gas relative permeability and the water relative
permeability. Additionally, there is an increase in irreducible water saturation, expansion
of the gas—water two-phase infiltration zone, and a shift of the isosmotic point towards
higher water saturation.

4.3. Influence of Different Gas Composition

The experiment aimed to investigate the impact of different displacement gases on the
gas—water relative permeability of. For this purpose, core 2-12 from Well B in block A was
selected as the sample. Mixed gas and nitrogen were employed as the media during the
experiment. The gas—water relative permeability curves were measured under conditions
of 180 °C and 70 MPa.
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The gas-water relative permeability curves under different displacement gas composi-
tions are depicted in Figure 5. It can be observed from the figure that the gas composition
exerts minimal influence on the gas—water relative permeability curve. Overall, there is
no significant variation in the relative permeability of gas to water measured by different
displacement gases when the water saturation ranges between 80% and 50%.

i
[ee]
T

0.6

i
o~
T

Relative permeability, fraction

O 1T e e L
0 0.2 0.4 0.6 0.8 1

Gas saturation, fraction

Krg (N2) Krw (N2)

Krg (Mixed gas) Krw (Mixed gas)
Figure 5. Measurement results of the gas-water relative permeability of different gas compositions.

When the water saturation exceeds 80%, the disparity in the gas—water relative per-
meability curves becomes progressively evident. Under conditions of irreducible water
saturation, the nitrogen-based gas—water relative permeability is approximately 92% of the
mixed gas equivalent, indicating a higher solubility of mixed gas compared to nitrogen
under high temperature and pressure.

Consequently, the measured method yields a greater gas—water relative permeability
than that observed with nitrogen.

5. Conclusions

1. This study describes the independent development of a relative permeability measur-
ing device capable of operating under high-temperature and high-pressure conditions,
enabling accurate separation and measurement of water and gas.

2. The experimental device has a maximum temperature capability of 250 °C and can
withstand pressures up to 18,130 psi, facilitating efficient and rapid gas—water separa-
tion with a measurement accuracy as fine as 0.05 L.

3. The experimental results show that the temperature has a certain effect on the gas—
water relative permeability. With a rise in temperature, the saturation of bound
water decreases, leading to an expansion of the gas—water two-phase seepage zone.
Additionally, there is a significant increase in relative permeability for the gas phase,
while minimal changes occur for the water phase.

4. The experimental results demonstrate that the pressure drop during formation signifi-
cantly impacts the gas—water relative permeability curve. Under a specific confining
pressure, as the experimental fluid pressure decreases, the effective stress on the
core increases, leading to a decrease in both the gas relative permeability and the
water relative permeability. Additionally, there is an increase in the irreducible water
saturation, expansion of the gas-water two-phase infiltration zone, and a shift of the
isosmotic point towards higher water saturation.
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5. The gas composition has little influence on the phase permeability, and the main
influence is shown at high water saturation. Changes in the relative permeability of
the gas phase as measured by different displacement gases are not obvious when
the water saturation is 80-50%. When the water saturation is higher than 80%, the
difference is gradually obvious. Under the condition of irreducible water saturation,
the relative permeability of nitrogen is less than that of mixed gas, about 92% of the
latter.
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Nomenclature
A core cross-sectional area, cm?
Bg volume factors of gas

Bw volume factors of water

K absolute permeability, mD
kr relative permeability

krg  gas relative permeability
Krw  water relative permeability
He gas viscosity, MPa-s

Hw water viscosity, MPa-s

Py the pressure at the inlet of the core under the formation condition, MPa
Py the pressure at the outlet of the core under the formation condition, MPa
AP the pressure differential between the core’s inlet and outlet, MPa

I the value of the relative injection capacity

L core length, cm

Q flow rate through the core under formation conditions, mL/s

Sg gas saturation

Sw water saturation

Ve gas volume under formation conditions, mL

Vw liquid volume under formation conditions, mL
Vsg  gas volume under ground conditions, mL
Vsw  liquid volume under ground conditions, mL
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