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Simulation investigation on spatial deflection of multiples fractures of multistage

perforation clusters in hydraulic fracturing
WANG Yongliang'?, LIU Nana', WANG Hao'
(1.S8chool of Mechanical and Civil Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China; 2. State Key Laboratory of
Coal Resources and Safe Mining, China University of Mining and Technology-Beijing, Beijing 100083, China)
Abstract: The morphology of complex fracture network in hydraulic fracturing engineering in deep tight oil and gas reservoir is a crucial
factor affecting oil and gas recovery, and it is necessary to accurately evaluate and optimize the fracture propagation behavior. Multistage
fracturing of horizontal wells with multiple perforation clusters involves thermal diffusion, fluid flow and deformation of rock matrix
between the reservoir and fluid in pores and fractures. Thermal diffusion effect and multi-physical field coupling are typical characteristics
of fracturing in deep tight rock reservoirs. At the same time, the propagation of fracture network is related to the disturbance between adja-
cent fractures. The perforation clusters spacing and initiation sequence in fracturing process will lead to different degrees of unstable
propagation of parallel fractures. It is of great significance to understand the influence mechanisms of internal and external factors for the

effective evaluation of fracture networks, such as the coupling of multiple physical fields and fractures disturbance. The thermal-fluid-sol-
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id coupling effect in deep reservoir was considered comprehensively to investigate the stress shadow effect and the disturbance deflection
behaviors of multiple fractures in three-dimensional (3D) propagation process of hydraulic fracture network. 3D engineering scale numer-
ical model for multistage fracturing in horizontal wells was established. The influence of thermal diffusion effect on 3D fracture, and the
propagation disturbance behaviors of 3D fracture network under different perforation cluster spaces and different fracturing scenarios (se-
quential, simultaneous and alternate fracturing) were analyzed in typical engineering conditions. The results shown that, the stress disturb-
ance region caused by fracture propagation in deep tight oil and gas reservoirs had superposition and overlaying behaviors in multiple frac-
tures, forming a stress shadow effect and spatial deflection of fractures. The decrease of space between multiple perforation clusters in ho-
rizontal wells would increase the stress shadow areas and aggravate the mutual interaction between fractures. Compared with the sequen-
tial fracturing of multiple perforation clusters, the simultaneous fracturing would increase the stress shadow areas, and the alternate fractur-
ing may conversely reduce the stress shadow areas to alleviate 3D propagation disturbance of fracture network to form an effective scheme
for optimizing the spatial morphology of fracturing fracture network. The heat transfers between the fracturing fluid and the rock matrix in
deep tight rock reservoirs, and the fracture propagation area and volume under each fracturing scheme were significantly enhanced, indic-
ating that the thermal effect promoted fracture propagation and became an important factor affecting the fracture propagation.

Key words: three-dimensional fracturing fracture; disturbance deflection of multiple fractures; stress shadow effect; thermal-hydro-

mechanical coupling; finite element-discrete element model

0 51 FT

K 71 FE SRR A A S 2 T R B
BAR, K2 5 FLA% o B 2405 1 v K it )2 AL
B~ B P A =2 ) A B TR B S e AR
AR, A HR N I 22 ) B A A 1 S T 2
FRE L B RVERAE . K Oy R R R, 4 W = 4k
P J Z [ A 0 B RE RN, AN 22 B8 3 Bl e 1 7 ok
SR 23 ] 5E N I S AN R 28U i R B R R
SR RBETE K R Y R AR T bl A RS Y 2 ]
Pt TN 24 4 2 [B) (R A B85 FRAE T, 888 1Y AR AR
SEY DO, WIS & B4 B ) S LA 1] B ke 4
U 2 3 JAS ) P JBE 1) S 4 Ml e, 42 (B RS E d

SN 4% 0 5E 1) R R AR BT R s
JR 51 (0 M J2 I 7 X R A £ S R AR

T AT R, T I 1 B Of i sh gk
FE 4244 = Y e i FAY BN B ) L AN T) S FL A
() DL S MR R 2475 22 (W | [A)2E | AC -y R 8 ) T 24
HEM LY ARSI T B B HTENE R TR SE PRAE
SEMYE A .

BUETTHE BN RIS K T S5 W = 2 4 50
R YRR G 22 ERED R . TRE
Mro B FB . SRS R R AEE Y e (A (A Y
AR 2% T 005 W77 58, e 24 4% AR BAE FH AR g B
SERONAR R T AT, JE R AR b
Pesh Aimss PLERUEA T TR R, S B
7 BA T LAATF IR SR 4 A BROTASS IR - 1 1 24 4 4% fie
Mrfit, TAGHICHIAN 25U % @ 7 17 7 BH 5% FI 2% 41
AT RO BUE SRS, P58 T 808 AR b R
ZENR] A 7 B X I ML 2 b e g . eI 1)

YRS R SR J v, KRESSE 26U gty T 47 2%
TR 4% N 45 vh 43 S B85 N T B s RS T e B
B IERIR, W AR S w11 . T ABRIT
F3 A IC 75 1, KUMAR 250 B4b 04 7K £
RN i Y £/ B VARSI 0 i TE s B = B V)
A IRICITIEAEIR S e . B br S 1 2z n) i
B ARG 1R e Y, AL B A BR T R e A R
S X3 DO 50 14 IR ) 21, A e T 5 L A 3K A o 24
51PN /S BT I i v v B =N s T e e DR
k& A ER FERN 3Tk, G5 A A FRITA BSOS HOR,
FGE T 25 FE I HISON E I BE CO, 242445 - 1i]
NEISYJRP JK ) 228 8% = i v Ak f oY,

BB LA BN - SRR A RN, HE— 2O
KT EZLEE N = 2ty e Fh (¥ N 1 B R0 Fll 22 54 4
Peah %47 R, 51 A 3G WA PR o2 #on ik,
1 = YR AR v B X R [ 38 N A B 4 kA
v A B N D B AR LA S iR R B AR, P
BT BT R FR AR 7 58 o A MF N K B
2400 TR RUBE = 4R BB LAY, R B T 5153 59
B 1 e 58 4% — 49" JE i FA BN 52 e | AN () S5
FLFBE R I A K AN [R) 43 B B4 07 22 (i | )25 22 %%
JEZE) T 244 ML ()23 (Rl R L sh TR o

1 SFEERMP-R-ERBEEFTIE

BT AR R 2 R v I B P TR
e, kY. ARG, NG A A [ A
N« FLIBR— LB PN 8 A AR T B AR R 3
TRBRHITIA.

1.1 BEETR
R SE I RO Z LR A BT, AR TR R
161



2023 4F45 9 1] # 2 M FH K 551 %
FRl24 oy F IR B o MRS BE s co TR FE IR B g M
L"(0" —amp)) +ppg =0 (1) Darcy Jit A8 & .

i LR T o AR STk 35 oM Biot &
B mob kL po e R FLBR AR R T 5 s A A
(RS RSk WAl
1.2 REREh

FHARIE R N AR O AR o

Clk ¢ a—p\dp de,
div|—(Vp,— ==+—|—+a— (2
w[,ul( p p’g)] (K1+ K, )dt Ty (2)

K kK ERFLBRES I B A B3 2 w LB N T A
s p i ALBRAAR T J15 o i LB AR B 3 25 oK
LB KA FLBR AR W EE s Ko A B 2R NIEE, .20
FRALBREE R IR TN AR s oA M T 21

SABE N AT S T T
dp

- +a(Aé,) (3)

o [k
I B V _ — fr
[ (Vpa pfng)} S ”

0x | o
P kTN REEEAB B pua WREENIRREE; p,
RZEE N TR IE I1; pr W ZEBE N TR s ST AR
FHRTEFUARNE T 0] R4 1 B S8 Ao k445 1% AR
R ARPERIRAFAEIE, MENTRIRBIER N

2

o &
K= (4)
Kb e HRBTERE . A EAE T SHERR
e IfL e
s _e(Kgr+K;f) ()

A KON W RE s KR BRI A R

TE A MR R 48 o 4 A A= B R, A R IARR
FE 2L TTARER A I 3k 50% ~ 80%, T4 iE 2 %)
THEG R W R AT BB, ROR AT R R

Vep
T—texp <Ilyp, =
tsp
C
t_texp>tsp7 qr = —7 (6)

sp
1 1, R DAL 2 A I 1 3 L AR e T B
fexp N TR T 2512 BT P BSF Z200 5 ok Jt AR i o 12 A T
215 Vi R IR AR, CIER 4L
1.3 g8

FARFETT . FLIR—ZRB PN AR 2 B) i B i il
JFE

. oT,
div[k VT = pbcba_tf +prcrqe VT (7)

f(qj kﬁff@*f“%ﬁ, Tfﬂﬂ/ﬁ1¢/ﬂ%§, Pbﬂﬂ@*ﬂgg, Cp
162

AT - A 1 TS R id v, i S A
F1 i A7 1 e o A RS I, IR AR A R R
I3 339578 A5 FL B A 1T A (4 4 e e A 2000
JEBRSEBR, FAA I AL 28 FLIB LA T 1 55 B R
AR X T % P4 10 308 k28 B B A1 T ) 74 1 g S B,
DA 1) 5] 2 3t SR AL AR T 0 375 [ R S L BRI
A 1 T o A AR A8 S B, T ) 3 A A 3

Y.
2 REY REBREESMEBEN S

2.0 ERAZETRAEN

ICERIC R PTh R B AT A B 2 5 o Gy, BT
N T=I AR R AN E 1 FR, M HAE KB S5 R o,
WA STH GG (d=0), HiR 12k 0 B, Bocifhik
B K (d=1), ¥ KW 0 SR AR i 4k 5
x Al T B T R RN A BT LR Gy, I T -0 AR i ZR AR 354
MrBERERN H, 05 0 BE R R E, BB
By sS4y R v St R E 4 Y. AR TR
IRIR S LY e b R v, AE R v Hh BN 1 B v,
T AR IX (d=1); P4 X KR HLICC IR, 244%
W TE EL IR 0 )07 M i, 448K B R T 10 7
105 DX 4 I 5 Y R I B T B B i 45
(™ A FE IS, >R FH R R B HiG Ak B PR 5T [ g 24 17
D7 AT EEY e, PR B RV GE O B, [A%
FERBEIR VG A2 DX N AT FR R 43, IF A 2
B X

o

CRRNP L FE Y.L S
Fig.1 Relationship of stress-stain and damage analysis

22 BITEHKE T REREE

ALY EAASIE | FLBR -2 N B AR 3l
FY B S R O R (D)—=X B) R W LA
BRICIE HEAT By Y, 4o R e B U A oy O e
L2 DR [24-25], @A BRICHITEHUS,
AT HE I X R DX P 244 T T s A T B
B, BROTAY AR AL BB AN A 2 BT, 9 AL



FOKFEE : KT BURALIE 2 2488 25 [ AR UL T 7S

2023 455 9 A

AL PG £

ql =a . (TN)(Tn— Tfl)

q: = a(Tn)(Tx—T7) (8)
s U253 S 4% 1T YT AR 3 ) G o T
FOT20 ) g S48 THT 35 i A O W B {5 T ol 028 TN 5
U BEAE; o A TR SRR IR EE AR R [k
Nl I

%/ = arAT (9)

K AT A A FRITRE i AV R IRFVRfb i
V RNRIIRIRT ap b i A R i 2R ME I K R 8k L
3 Db AR B2 o A B 8 7 S TR B 4 S
JH, DT 5 | R A AR A R AR 37 | 1 135728 4k

B DR
LT

@ ZUGEXHRY A
@ i XY A

B2 B0 B A
Fig.2 Heat transfer between nodes
2.3 MEBEMBENEISTE
BT R PRI S ok PO S5 3 14 7 7 A
SEUE LE AT BROT i B AT 22 /0 i — B U B, mT LA
FHHOO 5 BROT i dEA T iR 22 il Al . fEdg 5
T K 5 RSS2,

_ llellx

&k = Z, 1 (10)

K. e, NN T FOCHE YR 2 m Bt R T
AL el REEBIE 2 T A FROT IR 2 . WK
(10) AN I, e B A BRIT R ) i i 25 K, 75 1A
L NN R e L N ]

hoew = & "y (11)
Ko he M ERIT K ST S R . T 248 th 2,
ST A B A A L RO A TR, T LA
FAREJ XS T IAS FERI 3 o X AR R Y BT
PEATIRZE A TR A% ] 43, ff =2k ) @Y [ 38 N
SR AR BEAIRZ S 1], () B, B (R TIE AR 24 ik 2
BEYRIEAR

3 KEHSBEER=FHEED

WFFE L I 3 BT R TRESECE A R 2 48 L
70 B 2R T AR RO A0 4 JLA AR, 45570 Dy

400 mx600 mx400 m. BRI FEA YIS ELE 1,
FArIE A SCHR [23] B TUA MRS 8. R TR
BSANHLRALE, SRS SRR 1~ 5. AR
LA ) 49 8 (R e, G0 e 4015 5 14 It
H 1—2—3—4—5, R EZTT Z TN 1-3—2—
5—4, [Al 0 24T Z W Ry 1-2-3-4-5(RI 5 >4
FURE R TR 24P 8 ) . 5% 2 B g e A ) 2 s 28
R 25 [ B R 2 ) ] AL RS R] o 5 A LR TR K
BBy oA, ARARLE Ry, G o S L S (L
1~5):
y;=(300-2a)+a(i—-1),i=1,2,--,5 (12)

e a F AL

[ e t::: >
TSI, | Mk AL
&3\2}9 LA

=3 \: [:::‘: IZi”ﬁ

/

400 m

X
— e

B3 e LA

Fig.3 Initial geometric model

S}

x1 EEERYIESHY

Table 1 Basic physical parameters of the model

R i
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IR/ MBI T (x)S,/MPa 46
TRFf K MR 77 () Sy/MPa 60
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