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Application of a Gas and Water Drive Combined Characteristic Curve

in Reservoirs with Gas Cap and Edge Water

YUE Baolin, WANG Shuanglong, ZHU Xiaolin, LIU Bin, CHEN Cunliang
(Tianjin Branch of CNOOC Ltd., Tianjin, 300459, China)

Abstract: When reservoirs with gas cap and edge water enter the middle and late stages of development,
challenges of gas channeling and water cut emerge, and relevant evaluations and development strategy adjustments are
needed depending on evaluation results. However, the development effect of such reservoir cannot be directly evaluated
by the characteristic curve of gas drive or water drive. In light of this, this paper presents a method for calculating the
proportion of oil production by gas drive at different stages by combining the relations for characteristic curves of water
drive and gas dive. Specifically, the relation for characteristic curve of gas dive was derived based on the steady
seepage theory. The degrees of reserve recovery by gas drive and water drive in reservoirs with gas cap and edge water
can be calculated using this method, and the calculation results can provide a basis for adjusting the development
strategy. The calculated degree of reserve recovery by gas drive was 24.3% for the upper part of an oil group with gas
cap and edge water in Well Block 3 of JZ-X Oilfield, and that by water drive was 48.4% for the lower part. Considering
that the degree of reserve recovery by gas drive in the upper part was low, barrier water injection was intended to be
conducted for enhancing the oil recovery of the oil group. The research indicates that the development effect of
reservoirs with gas cap and edge water can be evaluated by the gas and water drive combined characteristic curve.
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Fig.2 Characteristic curves of gas drive and water drive in Well Block 3 of JZ-X Oilfield
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Fig.3 Proportion of oil production by gas drive in each stage in Well Block 3 of JZ-X Oilfield

4545 sl G B 43 245 SR A IR L K B 7 il o
Fb, T L3Rk a2 A A BKCR AR B R 24.3%,
PLR AR BE 1 TR 1 RIS 25.9%; T & fifh 1 24 1if
IKBRR TR T A 48.4%, TR ICR A 51.7%

EKURAH E, A AR HN, RS R AR
B W ORR S AR AR AR, 1 R R
R EE AR, A DL AT & Rk S K, LR
R 14 SR R B IR TR FB KGR A SR ISR, A, 77
AR FF A P2 B 0 A W T o SR R BU(E B A8
B, BN R T K G| KPS A [ A 5 1w 7K
FEAS [R) A5 07 1 T R SR, R A D A e A< T
b S KT FHE AT ST AR SR FHE R B T R e

A K — 5 THI R B B D B, K R AT e A3 %1 R
G+ INA TV 38 2 A0 ST A FF & BT S5 — 7 Tl | 3K
TR, K AR A IR A, HoA B i 9K 50U2R,
AT LA = BT R (LI 4) .

AT K I BRI A R R, T AR X T
FH ¥ TG 2 2 e B B i K 25 . IR, DLK IR
TR AR EE L G IR AR I A | T v £ RN b
FERCR 3 O RN, BE R AE DAH S D1SHS 414
BiKSEFEK . D4H F . DISHS -4 il H i %
98x10" t, i K R BE 27.6%, Sl 2 570 m’/m’,
TK A 85% . A A A, H T3 7 A R )
19 100 m’/d & % 24 RT A9 20 m'/d, FFRBORE . K



504 %2 E RS, AR K BE BE A4 AT W £ 78 ALTR S Kb 3R P 44 L A

* 103 -

Tk

/

LT IR K
P OPATIER

S BT KR

SRR CRATIER)
(b) Jif- e 7K Stz R

(a) P IPATTER I

4 REEFEKTE
Fig.4 Barrier water injection

S K TR TE KR, WA R LR 1.0, J5 W ER B
THHE P AR Al R TS PR A, T 4 S H 22 A K RS
AT 8, T I X 9 SR BB VA it K R R R 2
T 30 98 A 1 A K S IR, — T B Ok T AK K
HE AT, R TTK AR 5 53— T S5 B K R R
MECR . H O 1 E K ek S Y K R i
J, RFACE HBE SR 43 B B, X T R ROCR B
LR K K B R Ry T, TR S T K
J5 A Bt il 5.4x10% ¢, HEA RICESR S 55 H
Iy R

3 &

D)3 TRE B MBS, T 7 UIRREE 2ok
A, WRIP7AES R ez, Zx
F AR W], A R TUhEOT & s, Rt <
5 23R B AR B R

2) 45 7K RIS AR ih 46 56 ZR ks, S T
SRR o R Dk, i S BT A K
PR K O IR R 5 R W R T R ROR B PEA o DL
PH X3 3 S XA B, oA 1R T A A R T K
T P A IS T AL

3) TR 7 R L S R AR BE AR, AR
R AR, AR I kT 2, AT A I B R A S
Jit B B K, — 7 Th 3 5 A K 2 VT, 95—
T P TR A K 3K, 523K R AR & BRI 3

Z £ X M

References

(1] mEsk, SUmesk, XU, 55, S BELKIMBIR SR RE it IT & FHIEH

[2]

(3]

[4]

[6]

[7]

MUBRDESE (9] KAR 54000, 2021, 39(5): 74-79.

YUE Baolin, ZHU Xiaolin, LIU Bin, et al. Research on migration
law of natural energy development interface in gascap edge water
narrow oil ring reservoir[J]. Natual Gas and Oil, 2021, 39(5): 74-79.
BN, 2R, R, SF. RSN ER AT T A 25 I
RS [I]. AVMEREAR, 2019, 47(1): 90-95.

GE Lizhen, LI Ao, MENG Zhigiang, et al. Experimental study on
the draw-down pressure control of horizontal wells with gas-
cap/edge water narrow oil rims[J]. Petroleum Drilling Techniques,
2019, 47(1): 90-95.

ARG, 2R, N, S SR K B K F 2 AL 6
B LR (9], AR, 2016, 44(5): 104-108.

ZHU Zhigiang, LI Yunpeng, GE Lizhen, et al. The model and ap-
plication in determining the vertical position of horizontal well in
gas cap and bottom water reservoirs[J]. Petroleum Drilling Tech-
niques, 2016, 44(5): 104-108.

IR, Y vh, sk, 45 /NTURA HZ M ROT &ML SR
HofE [9). Wideim A, 2020, 27(1): 85-89.

YANG Chenxu, FENG Shasha, ZHANG Wei, et al. Development
rules and technical policies of thin-layer reservoir with small gas cap
and bottom water[J]. Fault-Block Oil & Gas Field, 2020, 27(1):
85-89.

P8, X, BLBERR, S5 TR K I 0K P 2 o oz A AL A
[J]. EFRH L, 2019, 26(4): 91-96.

FANG Na, LIU Zongbin, ZHU Xiaolin, et al. Longitudinal position
optimization of horizontal-wells in the gas-cap oil reservoir with
edge-aquifer[J]. Special Oil & Gas Reserviors, 2019, 26(4): 91-96.
BN, @R, AR, 55 TR A BRI =
AR BB SERS [7]. R 90, 2019, 31(6): 99-105.

GE Lizhen, MENG Zhigiang, ZHU Zhigiang, et al. Three-dimen-
sional physical simulation experiment of reasonable initial oil recov-
ery rate for the gas cap/edge water reservoirs[J]. China Offshore Oil
and Gas, 2019, 31(6): 99-105.

RN, SR, ARAT, S5 T REENT S UM < AL S R
BB 0] i SRICR, 2015, 22(1): 102-105.

ZHANG Angang, FAN Zifei, SONG Heng, et al. A new computing
method of moving range of the oil-gas contact in oil reservoir with

condensate gas cap[J]. Petroleum Geology and Recovery Efficiency,


http://dx.doi.org/10.3969/j.issn.1006-5539.2021.05.011
http://dx.doi.org/10.3969/j.issn.1006-5539.2021.05.011
http://dx.doi.org/10.11911/syztjs.2018152
http://dx.doi.org/10.11911/syztjs.2018152
http://dx.doi.org/10.3969/j.issn.1009-9603.2015.01.020
http://dx.doi.org/10.3969/j.issn.1009-9603.2015.01.020
http://dx.doi.org/10.3969/j.issn.1006-5539.2021.05.011
http://dx.doi.org/10.3969/j.issn.1006-5539.2021.05.011
http://dx.doi.org/10.11911/syztjs.2018152
http://dx.doi.org/10.11911/syztjs.2018152
http://dx.doi.org/10.3969/j.issn.1009-9603.2015.01.020
http://dx.doi.org/10.3969/j.issn.1009-9603.2015.01.020

« 104 » % bzl 4k

w

H K 2022 % 3 A

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2015, 22(1): 102-105.

KW, TR, RHT, 55, BEHTR DGRBS B PR PREDT & 75X
KRR 0] R R AR CH SRR ARD) , 2015,
46(8):3040-3046.

ZHANG Angang, FAN Zifei, SONG Heng, et al. Water influx cal-
culation of oil-rim reservoir with condensate gas cap under concur-
rent development of gas cap and oil rim[J]. Journal of Central South
University(Science and Technology), 2015, 46(8): 3040-3046.
SEAML, /T, AR R B HUR G il AT AOBOT R SR I F
FE (1. AEFHA, 2015, 2(5): 34-37.

DOU Songjiang, FENG Xiaoning, LI Lianmin. Development
strategy for gas cap reservoirs in Niger G Oilfield[J]. Unconvention-
al Oil & Gas, 2015, 2(5): 34-37.

X, AR, YR, 45 R DUMERPMRIT & T il A iz # ML
WEFE (9], PURE A2 (AR RRD, 2015, 37(5): 99-105.
LIU Jia, CHENG Linsong, FAN Zifei, et al. Experimental studies on
oil and gas coordinated development mechanism of oil rim reser-
voirs[J]. Journal of Southwest Petroleum university(Science &
Technology Edition), 2015, 37(5): 99-105.

SRR, HHLE, AW, . TGRS I IT R RCER
HZAH (9], I, 2012, 2408 T 1) 57-61.

ZHANG Yingchun, TONG Kaijun, ZHENG Hao, et al. An analysis
of the factors to influence development of oil reservoirs with gas cap
and edge water by horizontal wells[J]. China offshore Oil and Gas,
2012, 24(supplementl): 57-61.

LA, AL Tl R DRI RAFAE S AR 0], KR
Tk, 2000, 20(6): 76-79.

WU Youjia. Characteristics of gas-cap drive production and gas
breakthrough pattern of Shuangtaizi oil and gas reservoir in
Liaohe[J]. Natural Gas Industy, 2000, 20(6): 76-79.

M, ARTR AT BUTH I [1]. KA T, 2000,
20(3): 79-82.

WANG Bin, ZHU Yufeng. A research on gas channelings in gas-
cap oil reservoir[J]. Natural Gas Industry, 2000, 20(3): 79-82.

WL, BRETR, H . DUKIMEOT 2SRRI TE 5 2 (9], Al
Bk T2, 2011, 33(5): 68-70.

JIANG Ming, HE Enjie, XIAO Wei. Study and practice of develop-
ing strategy on reservoirs with gas cap and edge water[J]. Oil
Drilling & Production Technology, 2011, 33(5): 68—70.

AL, AR, 2R, 5 IERRPEPE TS ROT A (7]
AT 5 I 4, 2003, 30(2): 70-72.

YU Zhong, ZHAO Huijie, LI Weijing, et al. Optimization of devel-
opment scheme for gas-cap reservoir[J]. Petroleum Exploration and
Development, 2003, 30(2): 70-72.

HYLZE, R, A, . RO & 8783 K] R
it B % (9], GiHEER, 2015, 36(6): 740-747.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

TONG Kaijun, ZHANG Yingchun, DAI Weihua, et al. A new meth-
od for evaluation of development performance and recoverable re-
serves estimation in natural gas flooding reservoirs[J]. Acta Petrolei
Sinica, 2015, 36(6): 740-747.

JBARTE, FEIETT, B, 45 KRR M2/ BENT SROT K i R
FH [J]. B im T, 2014, 35(6): 724-727.

GU Qiaoyuan, TANG Zhaoqing, XIAN Bo, et al. Application of
gas-drive characteristic curve in condensate gas reservoir by dry gas
injection development process[J]. Xinjiang Petroleum Geology,
2014, 35(6): 724-727.

SEAEHE, MR, Wk, A5 R EERT B IR AE 2k T K
T[], PR AR 4 CF AAREERRD, 2018, 40(2): 135-141.
YUAN Zhiwang, YANG Baoquan, YANG Li, et al. Derivation and
practice of the new gas flooding characteristic curve of reservoir
with gas injection flooding[J]. Journal of Southwest Petroleum uni-
versity(Science & Technology Edition), 2018, 40(2): 135-141.
I, IVAED, BIREE, S XDKIR M h# K “7.5B” AR
AR [J]. FERIIH AR, 2018, 25(2): 107-110.

MA Kuigian, SUN Zhaobo, JIA Xiaofei, et al. Recognition and im-
provement of Tong’s “7.5B” in waterflooding curve[J]. Special
Oil & Gas Reservoirs, 2018, 25(2): 107-110.

A, MO, KUUR, 46, — Rk 2B SREHE 2 5T
BeBSiF (1] FeFih AR, 2020, 27(1): 102-107.

GU Jianwei, REN Yanlong, ZHANG Yigen, et al. Research and ap-
plication of an improved type-B water-flooding characteristic
curve[J]. Special Oil & Gas Reserviors, 2020, 27(1): 102-107.
WIOCH, EAE, XISCHE, A5 KRR RHIE RV IE SOk B i
FHIEJTRERSE []. WGl U, 2021, 28(3): 374-377.

GAO Wenjun, WANG Shaoxia, LIU Wenrui, et al. Series modifica-
tion of water drive displacement characteristics and oi-water seep-
age characteristics equation determination[J]. Fault-Block Oil & Gas
Fiel, 2021, 28(3): 374-377.

FAATT, BT, VLIRS, S K RKRRAE i R AEARE & RO T R Y
N [T]. FEFIIR AR, 2019, 26(6) : 82-87.

WANG Baili, FENG Qiao, JIANG Haiying, et al. Application of
waterflooding characteristic curve in the development of low-per-
meability oil reservoir[J]. Special Oil & Gas Reserviors, 2019,
26(6): 82-87.

9 S, XUBOIE, Al . S 1o PR 37 2 0 A K SRR il 2k
BRI (1], Wil , 2020, 27(4): 478-483.

GAO Wenjun, LIU Zhiyuan, XUE Longlong. Determination of
seepage equation of water drive characteristic curve by reverse de-
rivation method[J]. Fault-Block Oil & Gas Field, 2020, 27(4):
478-483.

[ %3 NXLE]


http://dx.doi.org/10.11817/j.issn.1672-7207.2015.08.037
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.08.037
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.08.037
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.006
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.006
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.006
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.06.021
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.06.021
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.06.021
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.03.022
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.03.022
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3321/j.issn:1000-0747.2003.02.020
http://dx.doi.org/10.3321/j.issn:1000-0747.2003.02.020
http://dx.doi.org/10.3321/j.issn:1000-0747.2003.02.020
http://dx.doi.org/10.7623/syxb201506011
http://dx.doi.org/10.7623/syxb201506011
http://dx.doi.org/10.7623/syxb201506011
http://dx.doi.org/10.3969/j.issn.1006-6535.2018.02.021
http://dx.doi.org/10.3969/j.issn.1006-6535.2018.02.021
http://dx.doi.org/10.3969/j.issn.1006-6535.2018.02.021
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.08.037
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.08.037
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.08.037
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.006
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.006
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.006
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.06.021
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.06.021
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.06.021
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.03.022
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.03.022
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3321/j.issn:1000-0747.2003.02.020
http://dx.doi.org/10.3321/j.issn:1000-0747.2003.02.020
http://dx.doi.org/10.3321/j.issn:1000-0747.2003.02.020
http://dx.doi.org/10.7623/syxb201506011
http://dx.doi.org/10.7623/syxb201506011
http://dx.doi.org/10.7623/syxb201506011
http://dx.doi.org/10.3969/j.issn.1006-6535.2018.02.021
http://dx.doi.org/10.3969/j.issn.1006-6535.2018.02.021
http://dx.doi.org/10.3969/j.issn.1006-6535.2018.02.021
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.08.037
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.08.037
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.08.037
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.006
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.006
http://dx.doi.org/10.3969/j.issn.2095-8471.2015.05.006
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.06.021
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.06.021
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.06.021
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.03.022
http://dx.doi.org/10.3321/j.issn:1000-0976.2000.03.022
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.05.017
http://dx.doi.org/10.3321/j.issn:1000-0747.2003.02.020
http://dx.doi.org/10.3321/j.issn:1000-0747.2003.02.020
http://dx.doi.org/10.3321/j.issn:1000-0747.2003.02.020
http://dx.doi.org/10.7623/syxb201506011
http://dx.doi.org/10.7623/syxb201506011
http://dx.doi.org/10.7623/syxb201506011
http://dx.doi.org/10.3969/j.issn.1006-6535.2018.02.021
http://dx.doi.org/10.3969/j.issn.1006-6535.2018.02.021
http://dx.doi.org/10.3969/j.issn.1006-6535.2018.02.021

	1 气驱–水驱联合特征曲线的建立
	1.1 气驱特征曲线
	1.2 气驱&#8211;水驱联合特征曲线

	2 应用分析
	3 结　论

