$29% a4 VS TGS IO G Vol.29, No.4
20224F7 H Petroleum Geology and Recovery Efficiency Jul.2022

X E %S :1009-9603(2022)04-0122-06 DOI:10.13673/j.cnki.cn37-1359/te.202104044

TS EARRXEEFEES/KMIEZ RIS

FAM BE, K BLERE L KA, 5
(1. PG AR A5 KR TR B, U AR 6105005 2. 3D IR 5T & TR 58 T 5 52382, D)1 R 6105005
3. E AR PE R I A A F SRR, I T 6374005 4. rf A0S RIS B 230N B BIEROT R BFSTRE
PUJIT 1 # 6100005 5. 7 A AL VE RE I o2 B BT ZWF5E e, U1l 1#l 610041)

WE:AKHHEGBEZTHEZHA T KABRAKBRAENEZER LM FZXA 7k%lzﬁ7‘7%i:;%%%lz7k
FERBEABKMAGBEEZHEAMBAERAEF N . UTHAEIHARNEL, ETENLRMNRA T, 24

T ILER A B AR A 0 B IR KR X5 S dh &R, St AT R R K AL G B B 8 AU K AR b 5 b R, i"ﬁ?
FARABAAMNBERG LN R E., FREV HEAAZ QA BAANBER LR H MW dh &4/E, 5%
MM X B EBFEERRA;GHERALEOLE , ILRBEECARAENBERHEEEAY, HHARSEEX
B VEEER KA BERE FAER . 5 AIAKT EAM b, KT A B R & R A K R BV B
LR KA BN B AMB RN KT A, ERRITAAFARBRAKBRITE, B, 43~ AKAR
By PR TR VTR T BRI BRI A R AR B A IR KA XA i & T R DT

KB A BER W A KB AWAG TR A B A 2 u A

FES RS TE312 ERARIRED : A

Study on gas—water two—phase flow characteristics
in different types of reservoirs of Yuanba gas field
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Abstract: The gas—water relative permeability curve is an important basic parameter to describe the gas—water flow law of
water—producing gas reservoirs. However, it is still controversial to determine the gas—water relative permeability curve by
the water—drive—gas method or the gas—drive—water method. Taking reservoirs in Yuanba gas field as the research objects,
the systematic laboratory experiments were conducted to study the gas—water relative permeability curves of porous and
fractured cores. The gas—water relative permeability curves of cores from different types of reservoirs were compared and an-
alyzed, and the test method was recommended for the gas—water relative permeability curves in water—producing gas reser-
voirs. The results demonstrate that the gas—water relative permeability curves of fractured cores are concave, which are
quite different from conventional X—shaped curves ; compared with that of fractured cores, the gas—water relative permeabili-
ty curves of pored cores move to the right as a whole ; the ranges of two—phase flow saturation are wider, and the water—

phase relative permeability rises more slowly. Compared with that by the gas—drive-water method, the irreducible water sat-
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urations from the permeability curves by the water—drive—gas method are closer to the actual situation of the reservoir; the

water phase flow capacity is weak , while the gas phase flow capacity is greater than that of the water phase. The experimen-

tal design is in line with the gas—water flow process in water—producing gas reservoirs. Therefore , for the productivity evalu-

ation and development plan design for water—producing gas reservoirs, it is recommended to use the gas—water relative per-

meability curve tested by the water—drive—gas method for numerical simulation.

Key words: relative permeability curves; water—drive—gas ; gas—drive—water; porous reservoir; fractured reservoir; Yuanba

gas field
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Tablel Basic parameters of cores for gas—water mutual-drive
relative permeability test

s KElem  HAR/em  FLBRE/% BBER/mD  fEEREH

7 5.04 2.49 8.98 2.02 /NEEE

5 5.05 2.48 3.26 9.27 LREAY

6 6.10 2.50 10.34 46.81 KRG
6-25/51  5.05 2.49 1.59 0.033 3%
3-13/14  3.96 2.52 8.62 0.673 2%
2-8/18  4.97 2.52 20.44 550.30 125
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Fig.1 Comparison between relative permeability curves

by gas—drive—water method
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Table2 Main indicators of relative permeability test
experiment by gas—drive—water method

o BAUK  PIMIX A IREE P,
WIRIEE/%  WAIEE/% XHBEBER  #£/MPa

7 51.48 48.52 0.30 0.55 /s

5 63.76 36.24 0.61 0.21 2Ly

6 69.59 30.44 0.24 0.14 K2k
6-25/51  48.78 51.22 0.26 4.14 3%
3-13/14 4815 51.85 0.46 0.62 2%
2-8/18 49.51 50.49 0.33 0.02 12k

0.87, 0.86~0.92; W AH X 1 F B 43 Jill & 50.49% ~
51.85%, 30.44% ~ 48.52% , WK &% & 2% 43 ) 4 0.02 ~
4.14,0.14 ~ 0.55 MPa.,
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Fig.2 Normalization curves of relative permeability in
porous and fractured reservoirs by
gas—drive—water method
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Fig.3 Comparison between experimental results of relative
permeability by water—drive—gas method
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Table3  Main indicators of relative permeability test
experiment by water—drive—gas method

RADK FRARSR WM KA BREE UKEK

a5 MORT fET EA MEXT R R

Ei% % FEl% BiEF MPa /%
7 20.09 27.51 5240 034 1.38 65.57 /s
5 1941 2824 5235 024 083 6496 s
6 20.61 2047 5892 0.11 048 7422 K4k
6-25/51 21.43 906 6951 025 828 8847 3%
3-13/14 20.83 2053 58.64 024 276 7407 2%
2-8/18 1128 3191 5681 0.13 005 6403 1%
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Fig.4 Normalization curves of relative permeability in
porous and fractured reservoirs by
water—drive—gas method
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Fig.5 Normalization curves of relative permeability by
gas—drive—water and water—drive—gas methods
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Table4 Key parameters of normalization curves of relative
permeability by gas—drive—water and
water—drive—gas methods
UK AR KA A
HLAN HLAN AR AHXS HLAN

MR i P

ﬂé}jI_J b
- TE S wa me pEk pEE R
KKK 61.13 0 0.90 0.35 38.87

KRS 20.03 25.15 0.21 0.45 54.82

ARk 4881 0 0.81 0.34  51.19
fLER
KERAS 1714 1811 020 045  78.18

WFFE AT, 3 IR AR X 8 B AR i 2 A
FA5 B 92 B 1 35 2 D DR 2 AR A R g A AN ] o
X SE R AR K SORNT =, BORT BE, %2 e K, 2%
Ja SR TE I B ARAR K A UG T R B B, 7K
R AR )Z | W22 A SO, B K 3R

it 5 T CHROK ARS8 1 3 i 2 o 7, 5P b 4
IR B2 R BE KK L R i 25 T K B BL B
[IBUE LS

3 458

8 2 A [ P 35 3 0 R B SR AR AR X i
AR ZR S B, b v IR KR X2 328 30 AL A A
5K AOETT &8 i B PR — B, S B XS
75 AR U5k A% KA A E Dl O A AHE AL DX 4 KA
St s (LD A, R 2R FH /K 3R SORH X2 328 5 4 ik 7 K
SRR SO IR B S R . (B TR XS
K PIAHARNS 2 5 26, S BOR A UK A X B
AT 5 . FREER A OB, FLBR R A0 K
K R BK AR 35 A8 AH DX R R Y R R TR
IR AR AR AL /N DK IRROR e . LTS
BRI AR 5 R it 2 AT 2 B A TU1 B g i 2R A
AR XL A B 2 A KA RS RETT . o
IURCHT 5 2888 55 A P Rl I, K I REE B L, <
FHAHX B 15 4 R AR e , 07 B A0 S /K AR TR R

HEmE

K, —— IS B, /N
K — A AAAXE B, VL

S 3k

(1] e AR IR AUKABRHE S mil R Ss e Wh o [0 ], R
HooEle a4l A ARLERT, 2013,15(3) 1 70-73.
ZHONG Xiao, DU Jianfen. Gas—water permeability characteristics
and high temperature and high pressure experimental study [J].
Journal of Chongqing University of Science and Technology : Natu-
ral Sciences Edition,2013,15(3):70-73.

(2] 3. BUEwh A U2 SUKATB RRE S L e R —— L%
IR 22 Y1 43 D H A AT B 234-235 1 X &0 8 B L1l 1 B 481
(I R4 HUBR R, 2019,49(6) < 1 540-1 551,
JI Wei. Gas water relative flow of tight sandstone gas reservoirs
and its influencing factors: Case study of Member8 of Permian
Xiashihezi Formation and Member]l of Permian Shanxi Formation
in Shaan Well234-235 area of Sulige gas—field in Ordos Basin
[J].Journal of Jilin University : Earth Science Edition, 2019, 49
(6):1540-1551.

(3] S, 307 Fh R I ARRS S K IS B B 2 i e 2 [T .
RIRAT,2007,27(10) :92-94.
YI Min, GUO Ping,SUN Liangtian.An experimental study on rela-
tive permeability curve for unsteady—state gas displacement by
water[ J ].Natural Gas Industry,2007,27(10) :92-94.

[4] CAO R, XU J, YANG X, et al. Gas—water flow behaviour during

mutual displacement in porous media[ J ].The Open Fuels & Ener-



55029 %

o 4 3]

AL AR TR R [R) 28T 2 S0OK AR B g

AR <127

(7]

(9]

[10]

gy Science Journal ,2017,10(1): 13-22.

BB VPRI BR HAL, 55 AR R B T AUKAR S ik
SR RERTTE L) ] B S R, 2019, (23) 39-40.
YANG Zhixing, XU Xinyue, CHEN Zili, et al. Experimental and
productivity research on gas—water relative permeability curves
under different pressure gradients[J].Science and Technology &
Innovation,2019, (23) :39-40.
F T, £ SCUR B, S L T R ORI T R
PRV (T ] P 130, 2020,32(2) :88-95.
LU Ruibin, WANG Wenjuan, HU Lin, et al. Discussion on the

UKAHB AL

change laws of gas—water relative permeability in the depletion
development of HTHP gas reservoirs [ ] |. China Offshore Oil and
Gas,2020,32(2):88-95.

HEIEh , S0P X2t A BA4E — LIS R IR A it 2 A il
LIy B FEAFFE [ C 1. AR < i B B T T [ 52
S 5 A TR E PR AR A 25, 2009.

JIANG Guangji, GUO Ping, DENG Xingliang

on relative permeability curve test methods for fracture—pore car-

, et al.Contrast study

bonate rock reservoir[C].Chengdu: Fifth International Academic

Conference of the State Key Laboratory of Oil and Gas Reservoir

Geology and Development Engineering,2009.

T B WA, A5, 55 A — LR AL R o

R B AR RS WAL )] KRR T, 2015,35(1) - 109~

114.

DING Yunhong, ZHANG Qian, ZHENG Dewen, et al. Seepage

laws in coverting a microfissure—pore carbonate gas reservoir into

a UGS[J].Natural Gas Industry,2015,35(1):109-114.

TEJAAE, 1 PR, 30°F, A5 SRR Y Rk IR £k =B ik 2 R Sk

HIRBFAHE [T ] i RO 5T % ,2017,7(2) :47-52.

WANG Zhouhua, XIAO Yang, GUO Ping, et al.Gas—water flowing

characteristics under high temperature and high pressure in frac-

tured—cavity carbonate gas reservoir[ J ].Reservoir Evaluation and

Development,2017,7(2) :47-52.

P, 2RSS SR AR A IRIRER A R 2 SOK PIAES TS

B 5 ST A G A M —— DA B — B VR X e L 2 A
ST LT ] A i 5 9T 42,2017, 44(6) : 930-938.

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

water two—phase seepage and inflow performance curves of gas

wells in carbonate reservoirs: A case study of Longwangmiao For-

mation and Dengying Formation in Gaoshiti-Moxi block , Sichuan

Basin, SW China [J]. Petroleum Exploration and Development,

2017,44(6):930-938.

T3 M BRI o SRR PIATS i

Jemt i EAh R (b sD) ,2019.

WAN Teng. Experimental investigation of two—phase seepage

fiE K™ REBLILT5E D ].

characteristics and deliverability of carbonate gas reservoir [ D ].
Beijing: China University of Petroleum (Beijing) ,2019.

UM X F A, 5 TRV R 2 SO0 B AR it 2
JZERERAELT ] s BT, 2014,35(5) :511-516.

PENG Guangming, LIU Yan, LI Guorong, et al.Development char-

acteristics of reef reservoir in Changxing gas pool, Yuanba gas

field, northeastern Sichuan Basin [J].Xinjiang Petroleum Geolo-

[13]

[14]

[15

[

[16

[

[17]

[18]

[19]

[20]

gy,2014,35(5):511-516.

IAE G, 22 8OF RG] eIV R A A P SCRURFAE B
FFRXHLT ] R T, 2016,36(9) : 11-19.

WU Hengzhi, LI Zhongping, KE Guangming. Characteristics of
the Changxing Fm biohermal gas reservoir in the Yuanba Gas-
field, Sichuan Basin and development countermeasures [ ] |. Natu-
ral Gas Industry,2016,36(9):11-19.

TN /NG R ECT A T O R AR T A
KA AT AR S H 5T, 2015,20(3) :33-38.

LI Yuping, FAN Xiaojun, HAO Jingyu, et al.Origin of complicat-
ed gas—water relation of upper Permian Changxing reef-shoal fa-
cies reservoirs in Yuanba gas field, Sichuan Basin[J ].Marine Ori-
gin Petroleum Geology,2015,20(3) :33-38.

TR, A0y B A, 56 T3 B IR 2 A Ml ™ 7k 2
BURUI 5 TT B x5 (T ). KAR TR 5 TT %, 2020, 43(1) : 36~
43.

REN Shilin, XU Shoucheng, YANG Jie, et al. Classification and
develoment countermeasures on water production in extradeep
bioreef gas reservoirs, Yuanba gasfield, Sichuan Basin[J].Natural
Gas Exploration and Development 2020,43(1):36-43.

BT AR G b DX T30S 5 3850 S I 2 SRR X [
SHTLI] AR AR AR, 2011, 33(10) 11-14.

CHEN Dan. Difference analysis of Changxin formation gas reser-
voir between Puguang gas field and Yuanba gas field in the north-
east of Sichuan area[]].Journal of Oil and Gas Technology, 2011,
33(10):11-14.

T MR, ZEbRAT A IR SR R R U
BRI ) AN, 2020,25(7) : 36-43.

YUAN Lin, CHEN Xi, JIANG Linxi, et al.Optimization and appli-

175 AR

cation of identification method of early water influx in gas wells of
reef—flat facies gas reservoir [J]. Sino—Global Energy, 2020, 25
(7):36-43.

s o, BOS R, Ak, R DB I GBIT 29172—
2012[S]. AL 5« e N RS ] [ 58 5 ok s A 30 AG B R
2012.

QU Yantiao, DAI Zhijian, LI Guimei, et al.Practices for core anal-
ysis: GB/T 29172-2012 [S]. Beijing: General Administration of
Quality Supervision, Inspection and Quarantine of the People’ s
Republic of China,2012.

TRAHE , B, KR, A A T AR R AR X8 7 R
J7 i : GBIT 28912—2012[ S| b AT e A RILANE [ 5 5 ki
BRI AE KSR, 2012,

ZHANG Zubo,LUO Manli, DAI Zhijian, et al.Test method for two
phase relative permeability in rock: GB/T 28912-2012 [S].Bei-
jing: General Administration of Quality Supervision, Inspection
and Quarantine of the People’s Republic of China,2012.

MRyt T A T AR T 7 s (05D [M L AL Al Toll iR
#1991

CHEN Yuanqian. Petroleum reservoir engineering calculation
methods (continuation) [ M . Beijing: Petroleum Industry Press,
1991.

e T 2



