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Abstract: Gas-water relative permeability measurement is a common method to describe the flow process in gas reservoirs with wa-
ter. However, the results of relative permeability measurements vary significantly between different test methods and types of cores.
To deepen the understanding of the microscopic distribution characteristics of fluid and flow mechanism during the gas-water flow
process, this paper took YB Gas Field in Sichuan Basin as the research object and used nuclear magnetic resonance (NMR) technol-
ogy to quantitatively describe the microscopic distribution of the two phases before and after relative permeability test. The distribu-
tion results were explained based on the gas-water two-phase flow mechanism obtained by the previous researchers with the visual-
ization model. The results showed that the displacement efficiencies of micron-scale (>1 wm) pores during the water displacing gas
and gas displacing water are basically the same with the two test methods, but the displacement efficiency in submicron-scale (0.1 -
1 wm) and nanoscale (<0.1 pwm) pores during water displacing gas is relatively higher. Moreover, the water in the submicron-scale
and nanoscale pores is not mainly produced during the gas displacing water. For fractured and porous cores, the displacement effi-

ciencies in micron-scale pores of fractured cores are relatively low, while the displacement efficiencies in submicron-scale and na-
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noscale pores are relatively high. The difference in the microscopic distribution of fluids with the two test methods is mainly caused

by the different capillary forces inside the pores, while the difference between the two types of cores is primarily due to the differ-

ence in their main flow channels.

Key words: gas-water two-phase flow ; NMR ; microscopic distribution characteristics ; flow mechanism;relative permeability curve
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Fig.1 Relative permeability curves of gas displacing water and water displacing gas
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Fig.2 Microscopic distribution of water phase saturation in different types of cores (during gas displacing water)

x3 ARRAFLEEKBBINEE (KRS)
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Fig.3 Microscopic distribution of water phase saturation in different cores (during water displacing gas)
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Fig.4 Comparison of water phase saturation in pores at all levels during gas displacing water and water displacing gas



-168- Mmoo M 5 R I & 20254E3 H
FRE Y R 28 L 8 e dss ke [5] kA, ZRBas: A, 45 BOBRD A SR /K DL B A T

(2)2 2870 1) NMR 5250 45 500 L A 91, 5%
AU 5O R AROK DAL 5 3K 5 A B AR X AT, 17T I Aok
G55 9K DAL B 1 SR R DR X 8 v, L 2 A 7Y
U AN [ 3 FL R KR R B 2 [ 1) 2 S A G /N o

(3)2 Rt J7 15 9 NMR 5256 45 50k e & 3,
PR X6 B G L B KRR AT 3 R 1Y) BT ik AR —
2, AH R IR A AR 95 9K G AL B K AR T 3l i
FIVEE 10 BT kAR B K . HLK 3R A< a2 v 4% 4] L
W KR VR R AT T S R 388, i A IR K e
HOEIOK G 5 A K AL N 7K AR R ER o AR B s H

(4)2 R 7 i T AR GO o3 A 25 57 R B2
T LB N B ) 09/ FE X TR], 2 26550
2SN EZRHFAOFREBREBE AR, K
i T A A ABE A5 21 1 S K PR AH S T HL PR B 8 AR 4
i B KA B I Y NMIR S5 36 45 5 | ] B, 36 3iF
T AT A R AT 2 A K PR AR B LB Y AT
Sk

S & 30k

[ 1] BEALAR, IS, sl , 45 ST AR R AL 2 SOK B AEE
VURRAEL Y] I B S R 3, 2022,29(4) :122-127.

HUANG Shilin, YANG Bowen, ZHANG Juan, et al. Study on
gas-water two-phase flow characteristics in different types of res-
ervoirs of Yuanba gas field [J]. Petroleum Geology and Recov-
ery Efficiency, 2022, 29(4): 122-127.

TG, - A4 A A8k L BT R FR R 5 it 2 AR B i
LRI Tr X LE AT [ C 1. LR - 2009 4l T Hb BT K T 2% T
TR ] G o S 0 = B LR B AR 2318, 20009.

JIANG Guangji, GUO Ping, DENG Xingliang, et al. Compara-

[2]

tive study on testing methods for relative permeability curves of
fractured porous carbonate reservoirs [ C]. Chengdu: The Fifth
International Academic Conference of the State Key Laboratory
of Oil and Gas Reservoir Geology and Development Engineer-
ing, 2009.

ARRNE A ERES AR AF BRTRER A i 2 UK P ARRS TS
B AP A B AS MR —— DA B — VR DX e £ 21 A
KU BT ] A B R ST %, 2017, 44(6) : 930-938.

LI Chenghui, LI Xizhe, GAO Shusheng, et al. Experiment on

[3]

gas-water two-phase seepage and inflow performance curves of
gas wells in carbonate reservoirs: a case study of Longwang-
miao Formation and Dengying Formation in Gaoshiti-Moxi
block, Sichuan Basin, SW China [J]. Petroleum Exploration
and Development, 2017, 44(6): 930-938.
[4] CHEN Chih-Ying, HORNE Roland N, FOURAR Mostafa. Ex-
perimental study of liquid-gas flow structure effects on relative

permeabilities in a fracture [J]. Water Resources Research,

2004, 40(8): w08301.

[6]

[7]

[8]

[9]

[10]

[11]

[12]

AEJTAYREMA L ] AR LRk B, 2019,30(10) : 1 519-1 530.
ZHANG lie, LI Xizhe, GAO Shusheng, et al. Water production
mechanism of tight sandstone gas reservoir and its influence on
percolation capacity [J]. Natural Gas Geoscience, 2019, 30
(10): 1519-1 530.

JATEHT, 227 RIS 75, 45 SOKPIAHRS I S 3 P S TR LB
FHMIELT]. KRR T, 2002,22(Z1) : 122-125.

ZHOU Keming, LI Ning, ZHANG Qingxiu, et al. Experimen-
tal research on gas-water two phase flow and confined gas for-
mation mechanism [J]. Natural Gas Industry, 2002, 22(Z1) :
122-125.

BIACZE WRR T, S0k , 55 . 0 b b DX A J= SO A A8 78 <K
PR U AT AL S8 KA M [0 ], R AR ATk, 2012,32(1)
64-66.

YAN Youjun, CHEN Junyu, GUO Jingshu, et al. A visualized
experiment on gas-water two-phase seepage through oolitic res-
ervoirs in the Longgang Gas Field, Sichuan Basin [J]. Natural
Gas Industry, 2012, 32(1): 64-66.

RARIER Y REE )2 SOK PTAE IRLHE 5E
[J]. RS T, 2004,24(11) :85-87.

WU Jianfa, GUO Jianchun, ZHAO Jinzhou. Study on gas/water
tow-phase percolation mechanism for fractured formations [
Natural Gas Industry, 2004, 24(11): 85-87.

ST R, BR85S A SR AR V5 U 114 3 388 220 ol 0K 5
5 55 A7 BRIT HE AU L (7] 5 M il A0, 2019, 31(4) ¢
121-132.

WU Feng, YAO Cong, CONG Linlin, et al. Comparison of
glass etching displacement experiment and finite element nu-
merical simulation for gas-water two-phase seepage in rocks
[J]. Lithological Reservoir, 2019, 31(4): 121-132.

2R BT, 925 U b K AR AR BB KR K SR AT
FELCL i E Al 2 RIR R A 22 5123 2018 4E 42 [H RAR R
FARAE LRI (02 “UHUTT K ) ,2018:28-37.

LI Qian, YANG Yu, PENG Xian. Research on water invasion
mechanism and water control countermeasures of water-bearing
gas reservoirs in Sichuan Basin [C]. Natural Gas Professional
Committee of China Petroleum Society. Proceedings of the 2018
National Natural Gas Academic Annual Conference (02 Gas
Reservoir Development), 2018: 28-37.

EBE Bk 320, 4 R TR R R ST Z K
BMAE AR AT PP 2B [T ] A1 441, 2018, 39(6) : 686-696.
WANG Lu, YANG Shenglai, PENG Xian, et al. Visual experi-
ments on the occurrence characteristics of multi-type reservoir
water in fracture-cavity carbonate gas reservoir [J]. Acta Petro-
lei Sinica, 2018, 39(6): 686-696.

AT SR EUVE A s LA T AR SO L BRASE Y e SR AT
BUWHLEELT ] op A R AAARRA R, 2008, 32(3)
80-83.

LI Dengwei, ZHANG Liehui, ZHOU Keming, et al. Gas-water
two-phase flow mechanism in visual microscopic pore model
[J]. Journal of China University of Petroleum: Natural Science

Edition, 2008, 32(3): 80-83.



%3248 2 TEJHARAE ASBKK 5 7K SR A GOU 43 A5 FEAERIF 5 169+
[13] Z=FI. 75 BRI b A6 B0 i 2 AL B RE R KB i DENG Ruijian. Application of nuclear magnetic resonance imag-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

HemroE L] AR w7, 2022,9(5) :69-78.

LI Yucheng. Gas-water percolation law of tight sandstone reser-
voirs with different pore types in the middle and northern Sulige
Gasfield [ J]. Unconventional Oil & Gas, 2022, 9(5): 69-78.
LN 82 I VA Ak (A E W % S LS SN ives SR
LB LSRR 2 R U & R & 8 BB
it B[ ] Al S g 5, 2023, 45(3) :466-473.

MA Yunfeng, ZHAO Jianguo, SUN Long, et al. Microscopic
occurrence characteristics and seepage law of water bodies in
gas reservoir under stress: a case study of tight reservoirs in the
eighth member of Permian Shihezi Formation, Shenmu Gas
Field, Ordos Basin [J]. Petroleum Geology & Experiment,
2023, 45(3): 466-473.

JIYRAR XU MR, L IR , 258 . o R T R 5 M R PR IR B AR T B0
fitt 2 AL BRZE 1 53 A e i N = DL 2R 2230 4 b 45 7K il DXy 4]
[T]. 3t RLH 38 4R ,2022,41(3) :300-310.

LU Zhendong, LIU Chenglin, ZANG Qibiao, et al. Application
of high pressure mercury injection and nuclear magnetic reso-
nance in analysis of the pore structure of dense sandstone: a
case study of the Heshui area, Ordos Basin [ J]. Bulletin of Geo-
logical Science and Technology, 2022, 41(3): 300-310.
ELSAYED Mahmoud, ISAH Abubakar, HIBA Moaz, et al. A
review on the applications of nuclear magnetic resonance
(NMR) in the oil and gas industry: laboratory and field-scale
measurements [J]. Journal of Petroleum Exploration and Pro-
duction Technology, 2022, 12(10): 2 747-2 784.

MOHNKE O. Jointly deriving NMR surface relaxivity and pore
size distributions by NMR relaxation experiments on partially
desaturated rocks [J]. Water Resources Research, 2014, 50
(6):5309-5321.

CHEN Pengyu, LIU Huiqing, ZHAO Hailong, et al. Micro-
scopic characteristics of water invasion and residual gas distribu-
tion in carbonate gas reservoirs [ J]. Energy Science & Engineer-
ing, 2021, 9(11): 2 151-2 164.

2R 5L, JE s B A, A5 BURAD A2 AL BRAS L S R X
KB AL 5 M —— LA RS AR i 2 X Bl 1
B mIL) ] Wi ,2023,30(2) : 177-185.

LI Haoyuan, PANG Qiang, WEI Keying, et al. Influence of

pore structure fractal features of tight sandstone reservoir on gas-
water seepage law: a case study of Shan 1 Member in Tao 2
block of southeastern Sulige Gas Field [J]. Fault-Block Oil &
Gas Field, 2023, 30(2): 177-185.

TR, BLL IR KLU R RE IR R AE T K ARG R Ak B
FEH RTINS, 2011, 18(6) :103-105, 129.
MAO Wei, JIA Hongbing, DU Pengju. Application of NMR in
the study of oil/water two phase flow [J]. Special Oil & Gas
Reservoirs, 2011, 18(6): 103-105, 129.

A8 Fi . A2 e M A B AR A K B S 56 o o (T ). BB e <
M,2002,9(4):33-37.

[22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

ing technology in water driving oil experiment [J]. Fault-Block
Oil & Gas Field, 2002, 9 (4): 33-37.

FAER, HIER T, A5 R REIHIRUF AR B A A K PIAR
BT ] BHE $41,2009,27(15) : 56-58.

WANG Xuewu, YANG Zhengming, SHI Yu, et al. Experimen-
tal study of water-oil two-phase fluid flow in low permeability
reservoir by nuclear magnetic resonance [J]. Science & Technol-
ogy Review, 2009, 27(15): 56-58.
TASCy SR 2R, A5 L BRI A2 KA R R SR
WoEL].  ERHEIE 3, 2020, 15(1) :105-111.

DAI Yixin, GUO Hekun, LI Haibo, et al. NMR experimental
study of gas flooding of tight oil reservoir [J]. China Sciencepa-
per, 2020, 15(1): 105-111.

Mo, £, A=y, A s A T A D Ty vk SY/T
5153—2007 [S].4bxt: A7 ih Tollth it , 2007.

QU Yantao, WANG Jian, LI Fen, et al. Test method of reser-
voir rock wettability: SY/T 5153-2007 [S]. Beijing: Petroleum
Industry Press, 2007.

BRSF 42, PV A AR PRAT, 55 A R RE SR 2 5T 90 2 I L
L :SY/T 6490—2007[S J. Jbat 43 Tolk Hi fikt, 2008.

CHEN Shoujun, SUN Baodian, DU Huanhong, et al. Specifica-
tion for normalization measurement of core NMR parameter in
laboratory: SY/T 6490-2007 [S]. Beijing: Petroleum Industry
Press, 2008.

SRATLIE 2 BER L A5 A T AT A AR XS 0B R 5 T
% :GB/T 28912—2012[ S . dbxt . A [EARHEH Rk, 2013.
ZHANG Zubo, LUO Manli, HONG Ying. Test method for two
phase relative permeability in rock: GB/T 28912-2012 [S]. Bei-
jing: China Standards Press, 2013.

BT BOUR, RTE 58 R T, 00 A0 6T A A f LRSS B
FELTLMIFEA,2002,26(1) 1 18-21.

YUN Huayun, ZHAO Wenjie, LIU Bingkai, et al. Researching
rock pore structure with 7, distribution [J]. Well Logging Tech-
nology, 2002, 26(1): 18-21.

KA ARIEIE IR CO, LIRS LI L IRATT 52 [ ] IR
Sl FTRR L 2009, 26(3) :228-233

ZHANG Shuo. NMR study on porous flow mechanisms in low
permeability reservoirs with CO, flooding [J]. Journal of Shen-
zhen University: Science and Engineering Edition, 2009, 26
(3):228-233.

BASCCy , SR, 20k, 45 | LA TR BOR T SR SR R I L
T B 5T (I ] B2 R 5 TR 2020, 20 (25) - 10 248-
10 254.

DAI Yixin, GUO Hekun, LI Haibo, et al. Quantitative study on
the mechanism of water alternating gas production in fractured
tight reservoir [J]. Science Technology and Engineering, 2020,
20(25): 10 248-10 254.

YRig

ZIEW



