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Integrated Simulation of Stress Evolution and Hydraulic Fracturing

After Long-Term Injection and Production in Low-Permeability Reservoirs
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Abstract: Before refracturing, due to the long-term injection and production of old wells, the distribution of
regional formation pressure shows non-uniform variations. It is urgent to coupling consider this non-uniform stress
evolution in the subsequent refracturing. For this purpose, taking the Chang-6 reservoir in the W block of Changqing
Oilfield as an example, an in-situ stress evolution model under long-term injection and production of vertical wells is
established using the Fast Lagrangian Analysis of Continua. The simulated stress field is then imported into a
hydrofracture numerical model based on the discrete lattice method for modeling fracture propagation of refracturing,
achieving an integrated simulation of in-situ stress evolution and hydraulic fracturing evolution. The results

show that: (1) After the production of well WJ, the pore pressure around this well decreases by about 4 MPa,
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and the two horizontal principal stresses experience a similar synchronous reduction, but the decreasing magnitude is

only about 2.5 MPa. This indicates that production will result in a decrease in the total stress but an increase in the

effective stress. (2) Hydraulic fractures tend to propagate towards the depleted area preferentially. The

engineering measures, such as slowly injecting fluid or shutting in before refracturing to increase the formation

pressure in the depleted area, are recommended on site, thereby avoiding or reducing refracturing fractures extending

into these areas. (3) As the injection time increases, the primary growth of refracturing fractures transitions from area

expansion to width expansion, indicating that a short-duration, high-volume refracturing should be adopted. On the

one hand, maximizing reservoir transformation can be achieved in a short time, on the other hand, increasing the

injection rate can promote the even expansion of multiple fractures.

Keywords: rock mechanics; seepage-stress coupling; fractures; in-situ stress; horizontal well

nu\z

0 7

FER | FR R AR5 T R SR F A B
ANFTE K Dy AT AR, BiE R AT S
WITF BB, e KR N, EE R SR I
B e — " EE AT, H AR
i DX s LB R g 27 1) 2 B A I T R 1 5
Wiy, SRR A1 4 A B R R K T Sk
JRAT R o A, S5 (n R 2 T B R AR T
LR 1 A B bR T AL B 5T R 4R T
TARTE A SR 0 22 FL e RO 7 FLBRE A8
AR R A BN 1 AN A A FLBR R AN s AR Ak, HE T
S 3 R LA (R N 1 oA, X i A5 i AR
TERG RN ) T oA R T — AN 52 2% 10 37 11
AR R Segall AR HY T A Sl X AR L ART Ik 8
W A I R & LB R PR N B O Tk
Roussel %52 R = AEA R R AT T R4, 2 11 i
B B 5 | 14 10 28 AL 0 10, ) A v 5
Zhu BT AR PR K N AR RRAE
RSG5 R [5G 1 5 S 2 N 4 2 ALB 1 T
I =B PR N 8 A 327 6 S22 b I g 2 R L
SRR TR (500 . Zhang 55" BLRLT I I
ZUBEY e, kI L ] T3 [ E IR X
B, RIAXTRRY R, VAR, BRI R
SR MR 3 A e R R B R R s
JE A — R FEATS SR Bl = | e LU RdE KI5 i
1) IR REAZE .

i, DL PR B WX He W 00 A K S
JFEE RS R, B Seil i % 4o i Biot LR 5P
IS HENT % R R A Z LB 7 BEIE SR HE It
P LI R A ) AT LA 2 D B
BRI R T S, SR A H AR XSk 1 73
AT B WO O Bk S A ARSI U AT
SRR F1 2485 B

1 3bp 39 & A B R

TR R LB TR B 5 R L )
G Ak SR R Z LA B 2R A R I A LR T
R AR A, 2 T T 208 35 AR AL B S v
b B A R R LR/ NG i S T2
ik, B A BT 5 R Z (B A AE I A k2
A R RN T B T, AN 25 T B R 3 A2 A X6 it
A% BE 5
1.1 EERRERENELELRE
B LA L S0 i85 FEL 3K P A, DA ) i 2
By
V- [KV(P +pgz):|=a(qu) (1)
i’ ot
KK NEABBERY ¢ a0 ERAK
JE 5 (P+pgz) TR Kk
AAE ARG E RS RN A
0 b

(1-¢)— -~ =0 (2)
e, BAAERMENE A .
e, =&, te te, (3)

i it A28 B A i 8, = (1) A (2) AT
WO,y Py ()
i — 20 AT A B2 S R 1 2 R
K de,
V- [V(P +ng>}=p(1 —¢) — (5)
i’ ot
1.2 FLBRE T EHE
¥ Biot [H145 Z2 80 o I AF RN 7 FHLS A
o, =0', —aP§, (6)
HRAE S SCSA e e, 5 A B 2R A 0N ) 58
PR ARAFAE DL F AR E R
o', =26e,; + Aj,¢, (7)

S RV =) E . Sz, oz
ﬁ*:c%%ﬁjic%E,G: s A %‘zi‘ﬁﬁﬁ’@l,
2(1+v)




624 b N R CTIRS R N &

F22%

Ao BV AL A R S
(1+v) (1-2v)
o, =26Ge,; + A5, — aP5,; (8)

A (8) Wi 43 i Aok 2, AR AL G &
{;‘ij:%( w Fu; ) A,

0, =6Vu, + (A +G)e,, —ad P, (9)
K ou, B2 BHoTHIBRE o i f, Fonikds,
W) AR o, +f,=0, AT 2 AL
B 3% 7% 1 AL B 51RO i o O7 AR (L A T
AR
GViu, + (A +G)e,, —ad,P; +f  (10)
o T Sk T B (5) AL B SR S 5 T
FE(10) , AT DAFETE 24 430 P2 N IR SR A, H itk
PR T AR A e B R

2 ZRIRERT 8938 13 7% AL

FT FIRZ AL e R S 3E, R = i
M H 2243 5%k (FLAC3D) #57 = 4 A5 FR 22 5 W)
26  ITQHT I I i 528 Sh A TR H AR SR IT
TR T, 25 R e e 1 A 5%, DT i
N Zh AP A KRS R, BORA SR — AN
ZAk,

FLAC3D HY%{E R i I AR 3R 3 A A% 0
B « 30 0 A R 25 43T (DL A P AR £ () — B 2 [] D
i [ S 0 (AR A e A B 25 Tl /B[] X ) P 2 2k
PEARAL ) 3 B 1% B2 5 B HOAk hy S5 85— 4 A 1A
RLUITHEER D (A& SN2 5 AH BAE R ) 4B
T RS T A R AE B 5 R A 5 P A Ry AR
i, 0K 3h &R G o7 R S sk, Ho,
FLAC3D H i i (AR [ A2 FH — A~ R A% 5 6, >R
R VALY R R ER AR R B
2.1 IREE=

W XA T B SRR 2 W i, FE A
HK 6,7 K 6,7 iti)2, FXMZIEE R 10.3 m,fL
BN 16.03% ,1BiE% N 2. 27 mD, /K FHe K 0
T AL AR 670, H bR I B I 5 4G b )2 e 1 ok
9.31 MPa, Dl HEAZSHCEA TREME W X3
BRI e 2 PN S I AN B W, v v A T
TIF R Bede it . BHAR (WY JF) A3, T
2017 4F 6 A 8™ 2 Rt 6, 642 Hh Rk &
FeE T s BT AR AR, S B e 2R
TRE, ML, X W HFETEVR-1 368 m AbSR A
B AU Fe/ NS 5 6 3R 47 I A — A~

30 m KA KB (B 1) | iE AT B 2 R 30
BB SAE PO R B e IR R, W
FEOU B 7K FH BE SR FH « BRAR 52 - + K Ty Bt 523
T BRIRIF BB B AR 118 mm , 7K Fy W FLHR B
20 mm, REE 1 m, RH 60° 82 e ST LR, B
6 fL, LMt 3 #E, WI AT g K B R
B0 K PO PRI I R k42 Vs s 1 2 S
5, HATE SO AR B TR S, T AT B T
Ji ISR A% XS 2 I A 7 Dy s, A i R
TR L Hi N ) FE A3 A A R

$311.2 mmx171.7 mbhisk
$244.5 mmx171.7 miliE

ORCE: 1411.2
el " $118 mm &%k x1 447 m

HIE: 1480 m
B1 W] MshKkEHFELEH

Fig. 1 Wellbore structure of W] sidetracked horizontal well
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Table 1 Parameter settings forin-situ stress evolution model

HAZH FREZE S OWE O TRE
PR R/ GPa 26.7  11.52 26.7
bEL/N=a 0.18  0.19 0.18
B/ (kg » m™) 2583 2307 2583

INWIE =13 FRZE ME S TRE

Sxx B/ (x10* Pa - m™') 1.99 1.86 1.99
Syy B6EE/(x10°Pa - m™')  1.79 1.67 1.79
Szz BREE/(x10* Pa-m™')  2.26 2.00 2.26

FLEBABEE/(x10* Pa - m™') 0.6804 0.6804 0.680 4
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Table 2 Production/injection fitting results

P2 20 A 60 ™A 100 4~ A 140 1~ H 166 1~ H
B R/ m’ 0 46.05 73. 10 54. 00 78.02

( ;;1#) S bRr= i/ m?’ 0 46. 00 73. 00 54. 00 78. 00
IERE/ % 0 -0. 102 -0. 134 -0.002 -0.032

B B /m’ 0 59. 03 87.15 92. 07 65.07

( ;;;) PR R/ m’ 0 59.00 87.00 92.00 65.00
PAEIRE % 0 -0. 056 -0. 169 -0.076 -0.109

B = i/ m’ 0 0 0 49.15 12.13

( ;:T) SRR /m? 0 0 0 49.00 12. 00
PIERE/ % 0 0 0 -0.297 ~1.064

FEALL ™ B/ m’ 0 0 0 45.09 43.10

( ;;;) SEBRFE R/m’ 0 0 0 45.00 43.00
IERE/ % 0 0 0 -0. 194 -0.239

B H/m® 0 0 53.17 12.03 99. 07

( ij;;F) SR/ m? 0 0 53.00 12.00 99. 00
PIEIRE/ % 0 0 -0.321 -0.273 -0. 067

H 6 B 4/ m? 0 0 0 63.10 10. 03
(WI 3t TR/ m’ 0 0 0 63. 00 10. 00
) EIRE/ % 0 0 0 -0. 162 -0.304
B B/ m’ 0 0 0 59.00 43.00

( ;1;;) SEBR R/ m’ 0 0 0 59. 00 43.00
ERE/ % 0 0 0 -0. 001 -0.003

B i/ m’ 0 0 86. 01 60. 02 55.43

( ;S;T) SRR /m? 0 0 86. 00 60. 00 69. 00
PIEIRE/ % 0 0 -0.014 -0.038 19. 666

FEALL ™ B/ m’ 0 0 0 34.07 33.01

( ;;;) SEBRFE R/m’ 0 0 0 34.00 33.00
A RE % 0 0 0 -0.195 -0.018
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Table 3 Input parameters in the refracturing model
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Fig. 7 Fracture propagation results of refracturing
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