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Abstract With the exploration and development of oil and gas into the ultra-deep reservoir, hydraulic fracture propagation under
the condition of high stress difference is prone to occur large curvature deflection, leading to wellhead overpressure, sand plugging
and other problems occur frequently. It is of great significance to clarify the mechanism and main control factors of hydraulic
fracture propagation and deflection near wellbore in ultra-deep and high stress difference reservoir for safe and efficient develop-
ment. Under the constraint of the continuity framework of classical thermodynamics, the sharp fracture on the discrete interface is
smoothly described as a continuous damage dispersion fracture, and the Lagrange Energy Functional is constructed based on Griffith
energy balance relation and fracture variational principle, and then the phase field hydraulic fracturing model of perforated well in
anisotropic reservoir is established based on the principle of energy minimization. The validity of the phase-field model presented in
this paper is verified by comparing with the classical Griffith crack opening profile equation. It is found that the hydraulic fracture
starts to crack along an approximate straight line between perforation and maximum horizontal principal stress, and then deflects to
the maximum horizontal principal stress direction. The specific direction of crack initiation is affected by in-situ stress difference,
displacement and perforation angle. The increase of the in-situ stress difference will promote the hydraulic fracture deflection
propagation near the wellbore, make the deflection angle increase and the deflection radius decrease; increasing the displacement
can weaken the hydraulic fracture deflection, and making the deflection angle decrease and the deflection radius increase; with
the increase of perforation angle, the angle between perforation and the maximum horizontal principal stress increases, which
will aggravate the deflection degree of crack propagation so that the flow friction of fracturing fluid increases and the risk of sand
plugging increases; the anisotropy characteristics of the reservoir can also significantly affect the deflection and propagation process
of hydraulic fractures. In the model, the critical energy release rate in different directions is taken as the anisotropic parameter of
fracture resistance. The results show that fractures tend to propagate in the direction of low resistance. The stronger the anisotropy
of fracture resistance, the greater the deflection degree of hydraulic fractures. The anisotropic characteristics of reservoir fractures
significantly affect the turning behavior of fractures. The phase-field hydraulic fracturing model in this paper provides a convenient
method to study the propagation and steering behavior of hydraulic fractures without any fracture criteria, which is helpful to
improve the understanding of near-well fracture steering in ultra-deep and high stress difference reservoirs, help to understand the
fracture mechanism and fracture deflection behavior under different geological environments and fracturing conditions, and provide
reference and suggestions for fracturing technology design and perforation scheme optimization.
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Fig. 2 Phase field description of the fracture
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Fig.7 Propagation paths of hydraulic fractures near the wellbore



TR R L) 22 R I (R B SR 1 LB 5

953

YHEE 5 B BORPT S E30, W AR R 35 AR 2
HAEWE, Sl seam ik —ME, X diftAxiKiy
SLEE Y RN 5 5 ) S T s . 2D
MIAEE A IR, TK T Y Bl I R — 25k, A
FHE AP U 3, YEIRG L b [R] I 2k
Pi N G S I R C £ DI DR S I I % W
FABEFE ] A2 R=3.14 m, /K Sy & L7 1a) 5 55
L& mzmrydefn, BIpinssm fy=18°, mftin
B D=051m, &3 MERHEAT T PRIR 1L
o, SE AU T, Fem Sy, R R UK
TR PR g DX 3 N 5 B r,, SLE B
LA O Z AR P RCE G R,
D:R[l—cos(&—y)]+(rw+rp)sin6’ (17)

Forhr, e o AR R i) #1388 3 UK ) 2REED BT R X
DI 2], LM R R E AR
B R 2 AR A (L3R 2 At 3d ), IR i 0
AR B GRH

8 45 th T AN ) T B FLBRE S 1 o A Ol il
K8 nT LA, LIS T PR Bl K ) 248 ) S
Bk, EIABRRTREME, 5 —BOAR, Bl
TRESBEAYI A o

MPa

4149

120

100

\)
(a) =1 min
MPa
4109

120

100

¥0

(d) =9 min
B8 KkARNETRIBPHIBENST

Fig. 8 Pore-pressure distribution during hydraulic fracture propagation

(e) =12 min

3.2 M AZEFM

FT 3N M, I REK I REER YRS
o] LA B2 Ay, BT ~F42 R AR W EL RS DX
3R RDR HEERAE, 10 =& Z [ iY JLA) O & AT i
WA G, ARSCERSCTER A y ML FAER
[IF, 3X 2 DNSECRE RSN AL B AN 122 | HE
A FLA A L B AR AR R R, X —/ N ERTEA
[l 0 ) 28 26 AF T BROK T 2B e B 0. S 1 07 ik
W, 7 SCHBIY T 22 46 B n = 0, | o, KR ALK T H B
T ERTE ., RIEHASE A (R 2 B
), BOEAIFMNY /22575580 A [1.0; 1.4; 1.6; 2.0],
HA R KK ERTT o, REFAE . T EDA A R )
ZESMF NI 15 min J5 /K )RR JREE R

MIEL 9 R E, AREIHN ) 22560, TR N
FIZERBZ PRI IR K T REEAE IR I HER Y e,
(ST [ B 4L T 45 L5 B KoK £ R 1 2 8] X F
L ESWIEIVAE S 970Nl S S et o €4
T RORBIL TR, IR R FAR
PIMEARAT . B 10 25 1 e i ffy o ARG 1) 2428 R I M)
TZEFAIEn AR, WTRURBE, Be1iff e

MPa MPa
4133 4116
120 120
100 100
]80 80
- 60 60
40 40
20 20
vOO . vOO
(c) t=6 min
MPa MPa
4106 4101
120 120
100 100
80 80
60 60
40 40
20 20
vOO vOO

(f) =15 min



934 BRI 2024 4E 12 1 55 9 %585 6 01
A10 A10
1.0 1.0
0.9 0.9
0.8 0.8
0.7 0.7
0.6 0.6
0.5 0.5
0.4 0.4
0.3 0.3
0.2 0.2
0.1 0.1
¥8.9x103 ¥1.4x10-2
(a)n=1.0
A10 A10
1.0 1.0
0.9 0.9
0.8 0.8
0.7 0.7
0.6 0.6
0.5 0.5
0.4 0.4
0.3 0.3
0.2 0.2
0.1 0.1
viex102 v1.9x10~
(c)n=1.6
B9 ANEn&HHKDRET BET

Fig. 9 Propagation paths of hydraulic fractures in different n

MWV ) 25 S A8 B n BRI S, S D R AR B
IO 3 22 B MR S SR B 1] T 2 T d /N ) o, D7 1]
By e, 7EK 9(a) b, BB i FARE Y B
N FRE ST o, AR KA 0 1) o, RAMASE, 78
ERBBOL I EL, (AE R fE P T o, J5
Q% , HEAKE T RO W B, X i TASC
R TR ASs E S T B S O Bl 2K 38
AR ZRBE A 16 T K07 1) Qe R SR AT A, X — 1
DLt — LU TR TR AR R R, R A ) Sl R

5 30

al 25
£ 20 ,
X 3 =
M 15 &
* E
T 2r #
# 10

o 15

0 1 1 1 1 1 O

0.8 1.0 1.2 14 1.6 1.8 2.0 2.2

WA N ZE FieHn
B 10 FmmpingkeLanmths ) ERERrEL

Fig. 10 Variation of deflection angle and deflection radius
with in-situ stress difference index

FHITHE K 34y g 55 m .
3.3 HEER

AT RAEHA S HOR S (W3 2 ik ), BoE A
HEHE g, M [80; 120; 150; 200] kg/(m*+s), F & 11 A
[ HERE 40 R VEWE 10 min 5 197K 1 5085 R 45 5

M 11 AT, FEAREHER 5T, K Ji284aE0)
WL ELR, WG W R TRy R, B mrEiE+
O AEAL, AR [ F A ) 2 AR RUKSR AT AR B 2 X 53]
12 25 13 7 5% ) R R ) 248 RTEA R RS 25 T
AL, PTLUE Y, B HER MRS, fmfy
N, FEmREAR R, WL, KRS
R B M B 7K ) R i S 4 g, X S R4 AR 10
TFE B B =R KRB S AR B i S50 A — 2. Bt
ZAHh, E 1 Bos R T, AR ] YK O 2 aE T
JRKBERA N, RNZSEY AR,

TR SR R 1 ) 2202 B A AR, K
TR R TR, IR SIBE IR, AR TR
FHEEWNEE D], SER ALY IR, HEIi AT fEvAE T
ZWRR L, RIEE R 2458 Mk, #F—2L b,
ML R R KB e R, SRR
WSS, KRHER RS TR 48805y X



TR R L) 22 R I (R B SR 1 LB 5

955

A10
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

¥1.5x10-¢
(a) 9,,=80 kg/(m?*-s)

A10

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

¥ 1.2x1072

(c) 9,,=150 kg/(m?*:s)

B 11 REHHR S K B S RS

A10
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

¥7.0x10-3
(b) 9,,=120 kg/(m?-s)

A10
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

¥1.7x102

(d) g,,=200 kg/(m?:s)
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