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Gas—water relative permeability characteristics and production dynamic response of low
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Abstract: The gas—water relative permeability curve reflects the comprehensive physical properties of the reservoir. Clarifying the
relationship between the gas—water relative permeability behavior of tight sandstone and the production performance of gas wells is
conducive to the efficient development of tight gas reservoirs. Taking the typical tight sandstone gas reservoirs in the eastern margin
of Ordos Basin as the research object, the reservoirs are divided into three types and gas—water relative permeability experiments
are carried out. Combined with core analysis methods such as X-ray diffraction, scanning electron microscopy and nuclear

magnetic resonance, the relationship between gas—water relative permeability and gas well production performance curve is

r#s A #A:2023-07-12,
FE—EEE N IR (1985—) , I wit, m g TR0, 2GR 2 AR AR B MM A T & AR . Huhk < PG 48 V4 6 117 3431 X 57 20 %
1155, HF A% : 710082, E-mail :290820603@qq.com
BEEEE N R (1964—) 95 {1, B 1 LA I, AT i RmZE S Z 0, ERNFARE R B8 KR ARERR A
A T R Hb ST E 5 0 TR A o bl - D012 S R XA K 8 5, MRIBLA 5 : 610500, E-mail: cwetkyl@
163.com
EETE P E A AT IEE AR SO B R )R S AA R SIRTE R BRI (2021D)2304) 5 o LA R R A BRITEA
Al TR ARMF B H R KBl 1, & 8 BEBUR I A AR YL 8 5 IR 2 I Wy v AN Bl J2 B B ) SR i 52 (2022-
GCYKJ-03),



2024 4F

14 H SREHR, A R e KB R T AR R S A 7 Bl S 1 139

revealed. The results show that: (D The two—phase transition zone of relative permeability curve I is wide, the pore type of which is
mainly intergranular pores. The two—phase transition zone of relative permeability curve Il is narrow, the pore types of which are
mainly intergranular pores and intergranular pores. The two—phase transition zone of relative permeability curve Il is extremely
narrow, and the pore type is mainly dominated by intergranular pores; @ The clay mineral content is high. kaolinite and chlorite are
conducive to gas—water phase flow. Illite is not conducive to gas—water phase flow; @) The pore and throat of in the reservoir have
large differences and can be roughly divided into three categories: large pores (greater than 1.0 pm), mesopores(0.1~ 1.0 um) and
small pores (less than 0.1 pm). The large pores in the reservoir of class I, Il and Il account for about 40%, 10%, and 4%,
respectively; @ The gas wells can be divided into three types, the production performance of which are consistent with the
predicted results of the relative permeability curves. The main production layer of the well of class I responds to the reservoir of
class 1. The effective layer thickness is about 7 m. The average daily production is about 2x10* m® with a long stable production
period. The main production layer of the well of class I responds to the reservoir of class II . The effective layer thickness is about
5 m. The average daily production is about 1x10* m’. The main production layer of the well of class Il responds to the reservoir of
class Il . The effective layer thickness is about 6 m. The average daily production is about 0.5x10* m® with a very short stable
production period. By analyzing the gas—water relative permeability characteristics to predict gas well production dynamics, the
impact of pore structure and clay minerals on gas—water flow behavior is revealed. This can provide theoretical support for
developing measures to reduce resistance and enhance efficiency in the development process of low—pressure, high—water—content
tight gas fields.
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Table 1 Classification and evaluation basis of tight
sandstone reservoirs in Ordos Basin

ery TUBL BB PICERS HERIE AR S
TR 107 pm? pm MPa  ff&/pm R

125 >12 >1.0 >0.20 <0.5 >1.5 <1.5
M2 6~12 01~1.0 005~020 05~15 05~1515~25
mz% <6 <0.1 <0.05 >1.5 <0.5 >2.5
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Table 2 Basic physical parameters of core in
gas—water relative permeability experiment of DJ block

FE5 KEE/lem FHAR/em SLEE/%  BiEF/107 pm® 2

DJ-1 5.12 2.51 8.39 9.65
DJ-2 4.94 2.52 9.90 1.40 I
DJ-3 512 251 11.73 1.87
DJ-4 513 253 15.90 0.33
DJ-5 4.88 2.51 8.69 0.45 I
DJ-6 5.06 2.51 8.07 0.45
DJ-7  4.94 251 7.56 0.15
DJ-8 5.04 2.52 5.81 0.19 m
DJ-9 5.1 251 5.80 0.15
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Fig. 1  Flow chart of unsteady gas—water relative permeability

experimental apparatus
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Table 3 Changes of characteristic parameters
corresponding to irreducible water saturation of
experimental core in DJ block

pee ?Ll?ifﬁ/ @J?}:é LI ;hé@kfﬂﬁ
% 107 wm HIFIEE 1% AXT 58 2%
DJ-1 8.39 9.52 33.30 0.67
DJ-2 9.90 1.38 40.46 0.57
DJ-3  11.73 1.85 39.26 0.52
Dj-4  15.90 0.33 57.32 0.21
DJ-5 8.69 0.44 58.11 0.18
DJ-6 8.07 0.45 69.65 0.28
DJ-7 7.56 0.15 78.01 0.10
DJ-8 5.81 0.19 69.65 0.28
DJ-9 5.80 0.15 70.17 0.04
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Fig. 2 Gas—water relative permeability curve of experimental
cores in DJ block
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Table 4 XRD results of gas—water relative permeability experimental cores in DJ block

P mdh BIRAEE o dht S EaR Bbeyai pRaEi mikadi gURagit K
DJ-1 81 5 1 0 13 14 10 30

DJ-2 59 35 1 0 5 23 49 17 I
DJ-3 90 2 1 0 7 34 49 17

DJ-4 76 0 8 3 13 56 28 10

DJ-5 59 4 1 0 21 45 17 8 I
DJ-6 62 0 1 2 17 70 23 7

DJ-7 39 10 2 6 43 29 3 5

DJ-8 30 3 0 14 53 76 19 5 I
DJ-9 59 6 10 0 20 60 24 7
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Table 5 Normalized feature point parameters in
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Table 6 Typical gas well parameters corresponding to
three types of reservoirs in DJ block
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I bJ-C 6.11 0.12 5874.51 1.21 5.98
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