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A new dynamic calculation method of volume sweep
coefficient of water drive reservoir based on
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Abstract: The water drive volume sweep coefficient is an important parameter in oilfield development. At present, its calcu-
lation method needs to fit the relative permeability curves of oil and water phases, and it is difficult to meet the application
requirements of complex reservoirs with diverse oil-water percolation laws. To solve this problem, based on the approxi-
mate theoretical water drive curve and the Welge linear equation, a new dynamic calculation method of displacement effi-
ciency and volume sweep coefficient of water drive reservoir is established through theoretical derivation. The volume
sweep coefficient and displacement efficiency in different development stages can be calculated based on actual production
data, which overcomes the dependence of existing methods on the relative permeability curves of oil and water phases. The
results show that the new method is reliable, and can accurately obtain the variation rules of displacement efficiency and
volume sweep coefficient in different water cut stages in complex reservoirs. The proposed method is featured with accessi-
ble date, convenient calculation, and wide adaptability to various types of reservoirs, and it can realize the accurate calcula-
tion from low water cut stage to ultra—high water cut stage , showing a broad application prospect in dynamic analysis and de-

velopment effect evaluation in oilfield.
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coefficient and water cut in two

case reservoirs

LT3l UG ) (03 DL B /K Gt 2k, [a] ik i £
T PN B S A 22 S R L, Ik, BT A A
ASCRESE FH BT 2 RS Y ] i v 5 B /K 31K i
GRIEMWG A5 S KRB BOAMER AL, PEINORS BE 52T

3 SEhlvH

7 e A Y P 7 A i 4 ) A 1L — 4 B T R
HUR I, % Bl il R FLBR R RD Bk A ARy AL 24 4%
RIERG 7 2 BA66)2 )2 1 VT & B E &t
M, BRI, B G K R G0, PRI KB i
MR 2 . WP ORA )2 FLBR B 15.09%~25.0%),
BB A 100~1 000 mD . T8 111355 A BUFL XS fif
2 HALBE A MR E A ZRIERE
A= HbJZJFIM AT R 0.671 g/em®, HLJZ JF I B5 N
0.6 mPa-s, #1Z /KA 4 0.3 mPa-s, HEE R .
2% N SIS AT, RAEKARRT B Oy 0.225, R 4 T it
FIEE 40130, 4o fa) 3 B LK RE R T 2, KARAE
WK 10 a ([ 3), #1 1k 2019 445 & F K EH
96.5% , KA FEEAUN 9.12%

MR & 4c f) 3l FH 10 a 2B 2 7= 3h 25 58 4
(N =N "W 5N LELR (E4), GRS



116+ Mmoo M

20204F9 A

—— SR
—— 140

Ao

—— HKE

EFEE R (10'm/a)
AEFE R (10'm/a)

5

1 20
0 T . 4 2 0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

T
3 B EimEEERE SR
Fig.3  Actual production dynamic data of Caofeidian Oilfield

25.0
o~ 200 F .
Z 150
& y=-0.199 6x+28.58 °
&=
g 100 R'=0.9742
‘_E'[é
E S
1 1 1 1 J
0 20 40 60 80 100
(N-N) /W,
a—(N,-N,,) "/ W, 5N B % &
120 - 100
o SEPR RATKE
2 — HHRERTAR 1%
S 80F e SERAAE -
> - 960
I — WEEKE vt
3 H
P 440 %
5‘2 40 &
B 4 20
I 1 L 0
0 5 10 15 20 25

FRUE R (10°m’)
b3 LA B3 7K B 2 T Fi5 b 5 92 BRox EL
4 Eig@EimAECIRISKIEMEM SRR
Fig.4 Fitting effect of approximate theoretical water drive
curve in Caofeidian Oilfield

IR e H R A K S % p=2.2,4=0.7,a=0.199 6,
N,=28.58, n,=2.1429, n,=2.4286, M=3.4482, w=
0.729 2, 1 &l 4 0] 1, 8 4 ) il FH T RUEE 8 7K 5K R
LAUA KR R, AN K5 BE () 71 & $8 b5
Y5 52BRARW G o ST IR BT, 6k T A fa) i K
WL S ASENE A2, N IS K
UK P RATH SR AT LA o A s A I T 2 A

Vg B G ) 3ok TR0 S K IR il R R S8R
A (13) 2 RITAT A5 21 7K 3% 508 380 550 Bl 25 KR AR Ak 56
Z(E5), Fii (15) AT 45 3] 5 KR 5 R AR B AR
B, AR (18) 2045 B /K IR A S 22 BB
KRB R(E6),

7KK B 7T 25 % (%)

20 1 1 1 1 1 1 1 1 1 )
0 10 20 30 40 50 60 70 80 90 100

K2 (%)
Bs5 EHi@EmAKERBESEREEAERTHAXER

Fig.5 Relationship between water drive displacement

efficiency and water cut in
Caofeidian Oilfield

2 ak

2 1 1 1 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80 90 100
K E (%)
Eo EHitfimEKEERERRYHESKETLXER
Fig.6 Relationship between water drive volume sweep

coefficient and water cut in

Caofeidian Oilfield

F PR 5 T AT 4 ) 3 T K O BRI 3R BE 1 K
RAFE G AT 15 FE S A IR RRAE . T &0 01 3R
TR, B 2 a RIKIMACR RN A £ 49.32%),
B I 212 3, I K I I 32 e 5 B K BIK S I, 3K Vi
ORI — AR T o R (13) UM% B 25 5 7
TRk 98% i) ) /K SR BRI A5 R TA B 69.79% , % N
SER AR — B, Ad ) vk D E R K SR ORI AR R
66.01% , 3 32 2 55 7K SK DR 7 2505 2Ac st b H T A R0R
0N DAL

H P 6 T A, 4 i FH K R A B R 2R B
K SRR I SZE T HE R ) IR R b, i R
PRGN NN =S e DO = I ) B BN W
SLAE M g E | K ORI R B 2R B K o R A e
8= 44~ A G IR & 24 as 52 o 20 R B, AR 7=
FEH BRI S, & AKRE W LT 3 B AR AR
Bt ) 7K R B IA 3] 34.14% , 7K BRARFH I K 2 B0k 3
9.54% , Tl Ji 7K SRR FH b e R 8K A A8 1 K B
ARSLE ™9 ali , KUK L R E0H 13.63%, H I
T 4.09% , 500 B 255 K 383K 3 98% I 7K 3K
PRI S 2 BN 13.81%, 17600 24 86% 1) FH X 80Ky
TCIEA R Je o AR A2 PR a 5, o ) vl T Y




278 HSH X R RE T T AR BV 7K K T R P K R A B p B R B s A T v 117~

LB 7 LB B ) N 12.65% , 3% #E A B 4
)9 FH7E B 1 A 2l T 24 e it
A 2 AT LU L i i AR R Bl

4 énlb

KB AR R M R R R TR SRS 5
MK AT B 1B R TR . KB R £
BEAY R 2% HGE H A 2 4K AR B B R i 2R, B
RUTT 7 B LATE T o AR SCHEST (1 7K 3R AR I K
R HOR BRI AR AR N R T A SR AR
KA A S PR AR P B AR ATl SR AR R )

25 B0 B0RT o 1 A5 0 il A [R) 5 7K R W BEK IR A
Aﬁ&%ﬁﬁ%Mﬂ$%§%ﬂ¢om?K%%
UG KAHARRE R ML B e s ] T A
Tt 8 R T, i e 1 A 2k K IR A R R 2 O
D R NS D IO <y AR ONEZE STTES  a
12N BT TE R BRI S TAE,

FEER

a.pq. Ny——IE RIS AR A28

B ——HJZEI A R AL
B —HURAIRBURE
E 7K BEBGR
K AR K A
fi—KE,
K, —— AR B2
K, (S, AR MR EE F (3 AR R 755
K, KA B35 %

K, (S, B A AL F AKX R B

M—KIMFLEE FE 5

BEL

IKARFEEL

N—ifiti i, 10* m’;
N,—RB7 i, 10" m’;

N, — KRl i, 10° m
R—IKIKR AR B

S IRARMAL A 5

S, KPR X349 5 K AR 5
S =LK AL ;

S, — i F I S K AR A

TR 5
Welge %15

W, —— 2K, 10° m';
w2 FIMEEE , mPa-s;
w,——HZKEE , mPa-s,

n\v

w

[1]

(2]

[3]

(4]

(5]

(6]

[7]

(8]

[9]

S% 30k

AT 2% XY, AR . K SR i PRSI 0t 200 o3 b K 3R Ko
FE(—) [ AR S IT 42,1989, 1(2) : 48-52.
YU Qitai, ZHAO Ming, LIN Zhifang. A study of the displacement
efficiency and the conformance factor in waterflooded sandstone
reservoirs in China(Part I )[J].Petroleum Exploration and Devel-
opment, 1989, 1(2) :48-52.
AT 2% X, AR . K IR i RS0 it 20 3 B K 3R Ko
FU O[] AR ST % ,1989,1(3) :46-53.
YU Qitai, ZHAO Ming, LIN Zhifang. A study of the displacement
efficiency and the conformance factor in waterflooded sandstone
reservoirs in China(Part I )[J].Petroleum Exploration and Devel-
opment, 1989, 1(3) :46-53.
AT TR 1 0o K B B e ZRBCR WO 7 (1. et
HI,2008,15(3):91-93.
WANG Renyi. A calculating method for waterflooding sweep effi-
ciency of core based on maximal entropy|[ J ].Fault-Block Oil and
Gas Field,2008,15(3):91-93.
ARIUBE, BRIEHT , R AE . 22 RO A A 2 s k) ).
A1, 1998, 19(2) :49-53.
ZHU Jiucheng, LANG Zhaoxin, ZHANG Lihua.Percolation meth-
od in multiscale numerical reservoir simulation [ J]. Acta Petrolei
Sinica,1998,19(2) :49-53.

G ECHUTLAE B R A I L T R R B TR T
[ T ahAR, 2012, 24 (BT 1) : 86-89.
LI Jinyi, DAT Weihua, LUO Xianbo, et al.A new method to correct
the sweep efficiency in offshore oilfields [J]. China Offshore Oil
and Gas,2012,24(Supplement1) : 86—89.
F . AR TR S T R R VR s St 2k v T K v F L .
AL BT 5 R M3, 2019,26(5) : 127-131.
XIAO Wu.Prediction and application of dimensionless fluid pro-
duction index curve for heterogeneous water flooding reservoirs
[J]. Petroleum Geology and Recovery Efficiency, 2019, 26(5) :
127-131.
KM Bl , A 55 I TR U TR SR T 2 1 ik )2 5
B 7k [ ] BT R U0, 2019, 26(5) : 73-78.
SONG Hui, CHEN Wei, LI Moujie, et al. A method to predict res-
ervoir parameters based on convolutional neural network—gated
recurrent unit (CNN-GRU) [J].Petroleum Geology and Recovery
Efficiency,2019,26(5):73-78.
S X, A G, 45 R R IR S BRI T 22 I 25 AR 45
F B O ) 253 PE A 72 [ ). 9 O B S SRR 2020, 27
(2):118-124.
LIU Wei, LIU Wei, GU Jianwei, et al. Research on interwell con-
nectivity of oil reservoirs based on Kalman filter and artificial neu-
ral network [J]. Petroleum Geology and Recovery Efficiency,
2020,27(2) : 118-124.
WRIC T, 58 08 . F50 7K 9%ty AR R e e ZR BRI AT R A ok 14 5
L)) P L, 2007, 19(6) :387-389.
CHEN Yuanqgian, GUO Erpeng. A method to predict volumetric
sweep efficiency and recoverable reserves of water—drive oilfields

[J].China Offshore Oil and Gas,2007,19(6) :387-389.



-118- w5 Ok il % 20204£9 H

[10] BouT, EaCE . W RDKIR I ZEAY P e dfe § ROHAE AL TRy FEL) ] AR AUR L 2017,24(1) : 106-109.

R ALY A EE L, 2004, 16(6) :392-394. LIU Chen, ZHANG Jinqing, WANG Kai, et al.Correlation among
CHEN Yuanqian, WANG Huizhi. An extended derivation of Type characteristic curves of widely applicable type and Type A water-
C water drive and its application in Chengbei oilfield [ J]. China flooding[ J ].Special Oil & Gas Reservoirs,2017,24(1):106-109.
Offshore Oil and Gas,2004,16(6) : 392-394. [20] R AR TN , Fii 23 B, 46 7SI FH R 00T A2 5 A B4R o R

C11] FEAR, SR BB 45— B0 Kk 3%l AR AR B R B0 R =Ry ] [ 1] RPSA M B 5 T % ,2019,38(5) : 34-40.
T3 )RR A M T, 2013,34(5) : 557-559. YUAN Qingfeng, ZHU Lili, LU Huimin, et al. Development char-
TANG Lin, GUO Xiao, DENG Qinyue, et al.A new method for pre- acteristics and main tackled EOR research direction for the water-
diction of volumetric sweep efficiency in water—drive oilfield [ J ]. flooded oilfield at the late stage[] ].Petroleum Geology & Oilfield
Xinjiang Petroleum Geology,2013,34(5) :557-559. Development in Daqing,2019,38(5) : 34—40.

[12] PAERE, BHE, 504, 45 X RhFi K 9ol m AR & & [20] e, s B, J SO, 45 3 8 23 7Kl FE AR e A AL AR TR 1y
Bpior i) — 30 AR IE S BT L) ] b A i S R o%, ST L] A D 1R, 2016,28(6) :46-52.
2016,23(1):96-100. LIU Chen, ZHANG Jinging, ZHOU Wensheng, et al. Modeling of
SUN Yujin, PENG Caizhen, GUO Feng, et al.Modification and ap- liquid production optimization in high water cut offshore oilfield
plication of a formula from A new method for prediction of volu- group and its application [ J].China Offshore Oil and Gas, 2016,
metric sweep efficiency in water—drive oilfield [ J]. Petroleum Ge- 28(6):46-52.
ology and Recovery Efficiency,2016,23(1):96-100. [22] Xf= . IEMESHE B A B &R T k()] v

(13] 5 ISR SR AR AR 2 AR B i L ] AR 55 7 AR AR, 2019,41(2) : 137142,

& ,2013,40(1) : 103-106. LIU Chen.Method for calculating the relative permeability curve
HU Gang.A new method for calculating volumetric sweep efficien- of an oil reservoir considering the time—varying effect of relevant
cy in a water—flooding oilfield [ J ]. Petroleum Exploration and De- reservoir parameters [ J ].Journal of Southwest Petroleum Universi-
velopment,2013,40(1):103-106. ty :Science & Technology Edition,2019,41(2):137-142.

[14] BRI T, ABAF AL, SRR, 45 . T0I0 /K SR BRI B 22 B0 ik i 4 (23] B ve a8 i AR T (M]3 A bt i ol
S S N AR A ] R s fist#t:,2009.
2014,35(3):293-298. AHMED T.Reservoir engineering handbook [M].3rd ed. Beijing:
CHEN Yuanqgian, ZOU Cunyou, ZHANG Feng, et al. Derivation, Petroleum Industry Press,2009.
comparison and application of forecasting water drive volume [24] Z[A)3%, 2%, oo T SC O TR A (M L dbat . A ah Tolk
sweep efficiency methods with comments on Hu Gang’ s “new H L, 1989.
method”[ J ].Xinjiang Petroleum Geology,2014,35(3):293-298. QIN Tongluo, LI Dang, CHEN Yuangian. Practical reservoir engi-

(15] B, WA I, TR, 45 . s Oyl 7 v 2 /K 0T Ak R B I = neering method[ M |.Beijing: Petroleum Industry Press, 1989.
HOWEFELT ] R U0, 2019, 26(6) : 93-97. [25] 5K IR . K B FH ™ g BR[O B 5« A il Tl i it
YANG Ming, CHEN Cunliang, WANG Yu, et al. Injected water 2012.
volume sweep efficiency of high water—cut stage in medium-light ZHANG Jinging. Oilfield production prediction model of water
oil reservoirs [ J |.Special Oil & Gas Reservoirs,2019,26(6) : 93— flooding[ M |.Beijing: Petroleum Industry Press,2012.

97. [26] WELGE H J. A simplified method for computing oil recovery by

[16] BEVEas, XIS, BER TR, 45 K BIRTF & H1 = 7 /K 000 e J3 R gas or water drive [J].Journal of Petroleum Technology, 1952, 4
e S AR BRI LT ] BT ik 3, 2018,39(5) : 573-577. (4):91-98.

XUN Jiangtang, LIU Zhen, XUE Longlong, et al. Study on dis- [27] ZHANG Jinging, YANG Renfeng. A further study on Welge equa-
placement degree and sweep efficiency variation of water—drive tion [ J].Energy Exploration & Exploitation, 2018,36(5) : 1 103-
reservoirs at high water—cut stage [ ] ]. Xinjiang Petroleum Geolo- 1113.

gy,2018,39(5) :573-577. (28] kAP KSR FE IR A 5T S TR vk e (M. b st

[17] 2R2E28, 5RO, AR T . JE T H R K I T 2 70 (A R e e 2 s ALt pAt, 2019.

AEFRAEL) ] AR A0, 2018, 25(4) : 95-98. ZHANG Jinging.Research on water drive theory and improvement
ZHU Shengju,ZHANG Wenbo,ZHU Jie.Change laws of volumet- of reservoir engineering methods [ M . Beijing: China Petrochemi-
ric sweep efficiency based on type A waterflood curve[ ] ].Special cal Press,2019.

0il & Gas Reservoirs,2018,25(4) :95-98. [29] e C KB IZR A HE— 20 SIS PRI B S TG IR RR (R et ).

(18] SRR, ZoHoR , VR IE , 55 ) 3d /K SR I 2 A 234 S e [ i<, 2019,31(1) : 86-93.

NLT]. S A, 2013,25(6) : 56-60. ZHANG Jinging. A further theoretical discussion on water flood-

ZHANG Jinqing, AN Guirong, XU Jiafeng, et al. Analyzing the ap- ing curve and improvement of Tong’ s chart [J]. China Offshore

plicability of an eurytopic water—drive curve and its extensible ap- 0il and Gas,2019,31(1) :86-93.

plications[J].China Offshore Oil and Gas,2013,25(6) : 56-60. w| E
[19] XU, sk R, EBIL, A5 JKR AU 5 55 B K SRRk i 2 ¢ R



