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Dynamic productivity prediction method of five—spot
fractured well pattern in high water cut stage

CUI Chuanzhi', YANG Jingwei', WU Zhongwei', SHAN Gaojun®,ZHAO Kaixin’

(1.School of Petroleum Engineering , China University of Petroleum( East China) , Qingdao City ,Shandong Province,
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Limited , PetroChina , Daqing City , Heilongjiang Province , 163712, China)

Abstract: The fractured well pattern productivity study is of great significance to optimization and development adjustment
in the high water cut stage. Due to the heterogeneity of the reservoir, the remaining oil distribution in the high water cut
stage is uneven. According to the streamline distribution characteristics of five—spot well pattern, injection—production
units for the five—spot well pattern were divided into 4 injection—production areas, and each area was subdivided into sever-
al calculating units. Considering the uneven distribution of the remaining oil, the dynamic productivity prediction method
for each calculating unit was proposed by using streamline integral method , material balance principle and steady-state se-
quential replacement method, and the productivity of five=sport well pattern was further calculated by summarizing the pro-
ductivity of each calculating unit. The accuracy of the method was verified by comparing with the actual production data
with the relative error of less than 5%, which meets the demands of the field. The influences of reservoir coefficient, reser-
voir heterogeneity , dimensionless fracture conductivity, fracture penetration ratio and remaining oil saturation at early frac-
turing stage were analyzed. The results show that a better reservoir coefficient and a higher remaining oil saturation lead to
the higher productivity. The reservoir coefficient and remaining oil saturation in the fracture control area have great influ-
ences on the productivity at initial stage after fractured. The productivity increases with the increase of the dimensionless

fracture conductivity and penetration ratio, but the effect of the dimensionless fracture conductivity on the productivity de-
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creases with the increase of the dimensionless fracture conductivity.

Key words: high water cut stage ; fracture ; five—spot well pattern;heterogeneity ; productivity prediction
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Fig.1 Injection—production area and calculated unit
division of five—spot well pattern
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Fig.5 Trapezoidal calculated unit and flow tube diagram
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Tablel Reservoir petrophysical characteristics and fracturing
design parameters for Block X in Daqing Oilfield
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Fig.6  Effect of reservoir coefficient on productivity

42 fEEIEHRME

TEI 4 AN [F) it )2 2 5000 i) 22 o EL = g A A ity
2R, 45 4 ) S48 B R o DX R B R 1 X )
it |2 25050 ) 9 565 1 25 200 F11200 mD - m, 55 2 40
200 1 100 mD +m, £ 3 41 100 #1200 mD - m, 45 4 41
100 1100 mD - m, 4347 il )2 A 35 52 1 X 7 fig i 5%
Mg (Pl 7) ml 2, 5 1 4 550 34l SR 2 L 5o 4 o
B FLERE I A2 RECH T2 5 iR 2
FERTIIA R0, e A E & RS
T4 ) DX IR 1) i 22 2R 8504 RN 3 L5 i) R 2449 40
= he, X s 1A S 24 B3
5555 4 4 Ry Al A AR DU )2 R EOR BT 2
SRR 31 A N BB %2 R BN T R T R
Ui B JE SR A% 4 ) DX R0 i )2 2R B KN R
S J5 I ] P 8 7= RE A RE A

35
—e— 14
28 —e— 241
—— 34

Al

T3 H 7 i (m’/d)

0 ; ll() 1I5 2IO 2I5 3I0 3I5
Az i () ()
BE7 iR R AT
Fig.7 Effect of heterogeneous reservoir
coefficient on productivity

43 HEXEXRSRED

4% JC PR S L RE 1 AL A R
HSR, BT R T IS E 1 5 AR A
JZH i sh 2R EERR S RE T AU LEAE . ol A ] 2R 4%
TCIR T HAE ST R R BE (18 8) AT LA Y« 2
EETC I UK S U RE 1 /I, 48 O IR UK AL e




ook 3

FEARARE A5 o B K TR R 2O W ) 3 25 RE T T 1% -83+

AR 3G RS 7 BEAT I Sk 4 v s 24 2R 48 T DR U i g
VBRI, B85 TC PR BE 7 138 0 77 BE 52 il
sy, MR —E BN, 77 R JL-F- AN 1 Bl 548
PRI 3 BE 7 38 DR 484 K s HLBE A 24 8% JC Nk &
Ui BE 1 B S8 O, 7 RE T R B I . PR L
JE 240 T, HUs AR A T2 0 S B i DU 7 1 24 1Y
HEETURRE ST, R B W P RO
r e SR BT B 0 0.1
L T

—e— 48 TC RIK T AL RE 71 910
5% T IR L RE 129100

—
[ S}

S5 H Pl & (m’/ d)
E oo
T T
/y

0 5 10 15 2IO 25 30 35
A 1) (OH)
B8 HEXLEXRZREENIZRENIRIT
Fig.8 Effect of dimensionless fracture conductivity
on productivity

4.4 HEFIEL

e E R NERKE SR IIE. BT
5T 1R SRR 7= BE RS2 M, R I 4 21 24 4% 535 L
XF N P REAR AL R £k . 25 2R (1K1 9) 3R B, Bl 5 24 4%
ZE LU RIS K, SAEE AR ) RS R, W e —
FE M HE R o (H T BT R B B R 4% 05 L
2 T3 O, e W Re g e AN I

6( —— B F B R03

—e— 4R 7T L 0.4

—e— RYETIEL NS
k7 B 0.6

4 H 7% (m/d)
//

1 1 1 1 )
0 5 10 15 20 25 30 35

A7 I 1E) ()
B9 HEZFFELI=REMNHM

Fig.9 Effect of fracture penetration ratio on productivity

45 ERVBARRBBNES S

T I s 2490 AR A 4 R E A X 7
R TR, 358 JBX 4 AN [] e 284400 30330 A it A AR 32 A
X IO 477 BE AL A i A, SR A e ol DX Al
A ) DX ) A b AR R 2300 O < 55 12 0.4 A
0.4,%5 244 0.45 F10.4, %5 340 0.4 F10.45, 55 4 2 0.45
H0.45, MIE 10 AT LAFE HY Bl R DXCIURE 1A Y TR 2
IR A AR A RE 4R 7, 4% BT RE S AT T Y
P, Herp SR B AR T DX I S A i A R B2 1
S e 0 R R RE R M B O WL . (HBEE 7 fE

A B i, 77 AT e A 3t ] S A e, B 2R 7 1Y
AT AR 2 aJa BB 25 BN
25
]

—— i

[\o]
(=]

o —e— 24

—
W

SEH Pl (m/ d)
W o

1 1 1 1 1 1 )
0 5 10 15 20 25 30 35

A 7 1] ()
10 EZANEARI R ih B 50 E X F=aE RS20

Fig.10  Effect of remaining oil saturation on productivity
in early fracturing stage

5 45

5 & KR A AR S B A2 R ECIE R
[ K R R AE T, a8 ARk () BT
J H R RS R RSB YO ik, s S AT o i
RETHR DTk, AR IR oL e AR R
K TR R RO M S 87 g . i 5 S AR
PR AR T X HE SR T % R A ER

7P RE S R DR R AR BT A SRR B iR R BOBOR
Je ZRA00 SIS v, B R . R R AR
AR 72 A 7 s 20 U108 7 R A R W A JEE R T TR 3RS
7 e bl 2 4% T DA Y5 3L RE 0 R 5 0 L AR R
T8 A, 2 2% TG PR U 3 U7 BE 10 X 7 B 14 2 ) i
DN RN e Sty S SRR S £
ALl

SUEE Ea.b,c0d e HUE B d——
MRS IT AT R S IR A K em p,——VEK I
JJE T, MPa; p——R M H IR, MPa; A——)F 8 &
FREE, 107" MPa/em; [,——3F KI5 RN K BEES , em;
L—H K5 R MR B, om; — =BT 8A
JEH K 5 RN R, em; 0—— =SB 112 BT
i, (°)sa—— = AIBIT I B IT K AL 1 M 5 R Y
Fe s, (0)sBy—— =SB R ITRINIAL HA3h 5 RNGA W
Je s, () sd —— TR B ICP R IER S, em; d,——FTE
AT PR IR B, om; d,,, ——FBIE S Bon T g 3
PR RIE R, em; WIS B RL K em;

n

Ag— KR A PR B, em’/s; K—— B B3, mD; A—
HEIE A, em? s u——HUZ FAREI B, mPa-s;p PP R 2,

MPa;r — 42, em; L— = MBI H AT IRL K E,
em; Ly, Ly——=FfE R B0 AR FER T A 1 I




-84 moR M R

5

R oMo

20194F5 A

BRI, em; o—— = MIE T o0 E AW G sh /1,
() —— =SB ERITTRIMIH AR 31, (°) 5 Ac,
AB— g, (°) s, —— IR S A —
WA GRS RRMIEL R T/, ()8 —=MIBITE
BT RAM I — i 2 5 AR e, (°) 5
A —— =G AR TT A g R B S OoT i #R m R
em’s h——HG)Z IR T em A,—— = M TFE o Bl
I OT A BT AR em?s g—— R — TR IROTY P e
em’/s; Ly, Ley——ABFI CD AR, BRI 24 A K24
HEM K, ems A——RIM I 2448 5K AN K L
d— BB E R IC P A KEE , em; o mEhLEE
FAER IS, () &—— M RIMI R4 R i A K B,
em; A—— BF SR 9 2 4% £ 40 Y TR M B, em?s
0,.0,.0:.0,.0—1HHTD,D,d, DMEM i, cmy
s; K; HEBBER, D K—HET WM BEE,;
A— RIS, em®;p,.p.p.pyp—a.b,c,d 55
SRR E S, MPas L, , Ly, , Ly, L,——ab , be ,cd Fl de
PR AN B RS, em; Q —— VSR XS A B R i 2, em /s
Q40150025035 Qs Q1 HITD, @, , FNSH i AH T
R, em®/s; Q —— 1 R X Ik HP K A AY S, em? /s
01:0,2:0,3. 0,40, s 1HHHILD, D, 3, DHEH7KAH
MR E , cm’/s; p——FLBRBE ; S, —— S /KM R BE 50— ™
S [H] s 6

de

S7%5 3Lk

(1] BRIEHr, sk fe, BEARRA . KPP Rer 5T [T ]. AR
e BAARIAENT, 1994, 18(2) :43-46.

LANG Zhaoxin, ZHANG Lihua, CHENG Linsong.Investigation on
productivity of fractured horizontal well[J].Journal of the Univer-
sity of Petroleum, China: Edition of Natural Science, 1994, 18
(2):43-46.

FIRA, TR AL, N ZERE . T R4 Al S5 T RE L AL BT
FELI ] AR 5T 4, 2004,31(6) : 78-81.

WANG Xiaodong,ZHANG Yitang, LIU Ciqun.Productivity evalu-
ation and conductivity optimization for vertically fractured wells
[J]. Petroleum Exploration and Development, 2004, 31 (6) : 78—
81.

LR BRI BT R A5 KO REGIm T P e TR ]
TR A9, 2005, 19(4) :33-35.

MENG Hongxia, CHEN Dechun, HUANG Xinchun, et al.Compu-
tation models of productivities of hydraulically fractured oil wells
[J].Henan Petroleum,2005,19(4) :33-35.

AR, A, JRAL 5, A5 BT IO AR5 i e BT
SRR AT ] B RN, 2017, 24(6) :65-71.
CUI Chuanzhi, FENG Ya, ZHANG Chuanbao, et al. Optimization
method of fracture length of vertical wells in low—permeability res-
ervoirs based on the equilibrium displacement [J]. Petroleum Ge-
ology and Recovery Efficiency,2017,24(6) :65-71.

AEfEE, TN, B RIS IS X R 0 S AE I = B ) ).
FHE F:412,2013,31(22) : 40-43.

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

XIONG Jian, WANG Xiaojun, LU Lei. Productivity model for
asymmetrical vertical fracture well in low—permeability oil reser-
voirs[ ] |.Science & Technology Review,2013,31(22):40-43.
ARIE, JEHE T, S22 TR 2 00 B i e 2K
RERY R[] ] IS 5 R, 2017,24(6) : 120-126.

LIN Wang, FAN Hongfu, LIU Lifeng, et al. Effect of engineering
parameters on fractured horizontal well productivity in tight oil
reservoirs [ J . Petroleum Geology and Recovery Efficiency, 2017,
24(6):120-126.

WRASI, BB AR X bEe , 4 PR BRUE 2B U RE T AR Y
LI 35 R W%, 2015, 22(6) : 121-126.

CHEN Zhiming, LIAO Xinwei, ZHAO Xiaoliang, et al.Productivi-
ty model of oil/gas productivity of vertical wells in simulated reser-
voir volume [J]. Petroleum Geology and Recovery Efficiency,
2015,22(6):121-126.

BRI, #6455 R Kl s R R R B AR i
AR L) ] DA 5T 5 9T %2, 2018,37(3) : 71-77.

YUAN Zhiwang, GUO Ping, JIANG Bin, et al. Composite seepage
productivity model of the fractured vertical well in deep volcanic
gas reservoirs [ ] |. Petroleum Geology & Oilfield Development in
Dagqing,2018,37(3):71-77.

T XL AR A B T I AR ik Y T KO R A R A
AR . PR AT IR SRR A A A BRART, 2016, 38(5) : 97—
106.

PU Jun, LIU Chuanxi, SHANG Genhua.Non-steady water—flood-
ing production model of areal well pattern based on flow line inte-
gral method [J]. Journal of Southwest Petroleum University : Sci-
ence & Technology Edition,2016,38(5):97-106.

TR RFT, A RIS IR 1K VS AR 7 3
RINEL ] A, 2008,29(2) :256-261.

JI Bingyu, LI Li, WANG Chunyan. Oil production calculation for
areal well pattern of low—permeability reservoir with non—Darcy
seepage flow[J ].Acta Petrolei Sinica,2008,29(2) :256-261.
PR, B, B, 55 B B2 T N 5 R R B
= RS ] ATa0, 2009, 30(4) £ 578-582.

JI Bingyu, WANG Chunyan, LI Li, et al. Calculation method for
production rate of rectangular well pattern and fracturing integra-
tion production mode in low — permeability reservoir [J]. Acta
Petrolei Sinica,2009,30(4) : 578-582.

PLIBEAR ORI B 22 )2 58 0 e 2 R T0I 5 vk L) ) R R <
7, 2017,24(1) :124-127.

SHI Xiaodong.Productivity forecast of vertical well with multi-lay-
er network fracturing in tight oil reservoir [J].Special Oil & Gas
Reservoirs,2017,24(1) :124-127.

VA, BURIE & 52, 5F BT TR — AR R TE I 1B
1 T A S Be—— DU Sz O 01 L) 0. A £ 3k 4%, 2018, 23
(2):37-42.

XU Jianguo,ZHAO Chenxu, XUAN Gaoliang, et al. Application of
the new connotation of geology—engineering integration in low per-
meability oilfields: a case study on Xinli oilfield[J].China Petro-
leum Exploration,2018,23(2) :37-42.

miE WO



