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Fig. 1 Schematic diagram of the geometric model
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Fig.2 Numerical simulation result
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Fig. 3 The distribution of rock damage zones

075201-4



539 4 MOERR, 55 O RFLIT R LE B %7

ol ERMALEAR dy 9 7.9, 11, 13, 15 mm, ST RE0 A AL A . 18T 6 S Hrp iR L B AR R
7 mm WY R BRI A5

80 60
70 L - % . —&— h=0-3 um
ol . . ‘-. —&— h=3-5 um
2 | L PR h>5
st | . LY L hm
g | . 3 - -
40k | . 2 30} .
B30 1 s d ",
£, . 2207 e E
220t : IR
10+ Zz 10+
= LN . L} n
0 L ] ol .= o -
_10 1 1 1 1 1 1
0 5 10 15 20 0 5 10 15 20
Dimensionless radius Dimensionless radius
4 BRI R SUR o A1 18] F 5 BB AR5 58 288U i
Fig. 4 Crack number distribution of Fig. 5 Simulated number distribution of different width crack

numerical simulation

XFECIE 2, 73 M il FIEEAR 1AL EARSE R, DDA IR BT IR IX | S AR 4 v IX | P A A Jg DR AT A
[F) 52 32 ) 9 O o HG v A B DR i D R i, B R 8 A /N e R, R L BN 13 mm Al
15 mm BRI X 3 KRB i % . REBCEH At 5] 7 Bos

100 + --I.-.'-. - d0:7 mm
/ " 5 d=9 mm
[ ] L]

80 e i - d():ll mm
9 | L _ | = dy=13 mm
Q L]
] I T »— dy=15 mm
SO 4imt Nt
o | dom fm
5 i s ey

- [l b

I e L
2 I b [

201 4 IR )"

.I .
O ' h.‘i IR ...
0 10 20 30
Dimensionless radius
K6 RMFLEAR 7 mm FE K 2 MPa if & A Y B K7 AR AR T A AU R8s 1#
Fig. 6 The rock damage form with 7 mm perforating charge Fig. 7 Distribution of rock crack number with perforating
under 2 MPa confining pressure charge of different diameters

ICEBTBEIR X | P AR SR AL b X R SR Y X AN 2425 A ey ALy, A0TET 3 7R o R
P A0l 25 5L, TN RN FL BLAR RS A0 V) i 248080 H 43 A 75 B R AR I A 5w 4

() NFERMFLEAR dy 50T, 2808 H B AL, BT RSN X0 AT i 042 r/dy=1.5; Toill

MR AR B IA Y X T i A% ry/d, <15,

(2) HEHH GRS AE C <r/d,<C, TG Hl, Bk C,—C, NI v . RMFLILAR IR, 24808 H
%, WA TEBR . VI H 2BARICHE ryo 24 ry/d,>20 B, BT 55 C,—C, AR/IN; 24 ry/d, =18 B, WEEH 55
FHEIFR C,—C=25 4 ry/dy=15 B, SR I IR AL Y ry/dy=14 B, AR R i 2440, 1 A C, s
K,

(3) FfAZ A FL ARG K, A (E G 4 S50 B 3 o ok i o Ve (1 J S 0 30 B o 0 o e

(4) RWFLEARIE KR, ry/dy B30 15 HUNT 15 0, WEAE I 28080 H 5231 FER08 1 5% H B 3

075201-5



5539 & 15 743

74

242 B BAETFZ4%&pyHAE

PREF A S B (RWIFLEAE N 11 mm), 43 HPEAR LB R 0, 0.5, 1.0, 1.5, 2.0 MPa, 5315
SUREREE . B8 P B A A Y R R O
X EEE 2, BESRIISE a5, B R RGO, TR BT IR X YU Bl A R AR, R A B IR 42 o X AR i

PRy T X LA AS ()2 38 B D/, JHE R i Dol NG i, i 2 0 T A8 AR B Ak

H 734 an sl 9 fs .

€8 RWIFLAR 9 mm BN 0 WA U R BLETE A
Fig. 8 The rock damage form with 9 mm charge
under no confining pressure

VST R X5t A0 V) P 2R B0 A U SE M A

Geit 5 M R RAE R

100

—=
- - = 0.5 MPa
80| .I'. " . 1.0 MPa
he = 1.5MPa
2 E . o o = 2.0 MPa
§ 60 F i. \\‘ C Y
§ L] 9 h
“5 / R ‘-. n
540t "R wR p
il ’ ]
“ 20 / e
| LA e
.I Y e \.
0F e S ——
0 5 10 15 20

Dimensionless radius
9 R R T a0 00 380 A
Fig. 9 The distribution of rock crack number
under different confining pressures

(1) Bl A2 A BEAS AN S s 5 18 DR DCORIRE AR DR 48 v X, 6 T SR 80880 H 3 P-4 ]
(2) B /IR, 28080 H I fEAT IS K, I fELAY 58 C,—C, 3B A8 R, LA A i X iR 4942

TG K, HEREY) A ih s,

(3) Fl /), RBCECH 2, ELIG (RS 2080 H eI B ;
(4) BB/ N, AR 2SR H 52 10 A58 1A 52 W) Hh BRI 5

3 YIERHISLLE

3.1 SEWSA

RR SR A D 1A W E LV &, SR K Je A AR
BRRA AT . N R UE S 56 ] Sk, AR
i KR OB B R LB S SHOE R RE AR T
MK Y RIS X b B R 4E G 2ok U (KK
0.44) il RE, I3 S50 Lt an e 2.

2SI, KPR FEDTRLER B R 1.7 MPa, $ii
JE38 %A 36 MPa.

it FH ek 1) 3l FE ) 2 D g R A FL A A, i B
API RP 19B bt o) R 475050 . S 56 38 B
B 10 frn . i Foesik & R 32 B, /KRR BLAR
e KR 200 mm, by i EE G i B AL, R RE AR R
RUATRE KU, A e iRE B AR 200 mm, R ULEE
T 24 805y A, SR FH T R R 3 BE e Bl

F2 RATESHKEAHBEI LR
Table 2 Comparison of performance parameters between

natural shale and cement sample

(GRS BEFR/(107° um?) FLEREE/%
RIRTUA 4.0 4.1
IKIEIAE 6.7 33
Perforation
charge
- <_Conﬁning
Wellbore] pressure
pressure -
Cement
sample
K10 s d Rk
Fig. 10 Schematic diagram of experimental device

075201-6



539 4 MOERR, 55 O RFLIT R LE B %74

200, 300 1 500 mm FIXEESCE, WA 11 FR.
WA, Sy O 8 ) S5 AR, s T 50 18T 45, 4% 51 T8 9 5 44 PR LR 3.
F=3 KERERSTRESE
Table 3 Size and number of cement samples

MR/ BEEEA wHRE B bimmE FiwmE

MPa mm mm i s P

200 X1 X1-A X1-B

30 200 300 X2 X2-A X2-B

500 X3 X3-A X3-B

200 Y1 Y1-A Y1-B

20 200 300 Y2 Y2-A Y2-B

B 11 KPR LR R 500 Y3 Y3-A Y3-B

Fig. 11 Diagram of cement sample installation
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Fig. 16 Crack number distribution by physical experiment and numerical simulation
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Preliminary numerical simulation of rock perforation cracking

LIN Yingsong', YAO Jinsong', LIU Ying', QIAO Jiyan®, DING Yansheng’
(1. School of Petroleum Engineering, China University of Petroleum (East China), Qingdao 266555, Shandong, China;
2. Institute of Mechanics, Chinese Academy of Science, Beijing 100081, China)

Abstract: The distribution of cracks around the rock hole after perforation has a great influence on the
subsequent fracturing. A cross-section of the target is selected as the researching object. The process of
three-dimensional penetration is simplified into a two-dimensional reaming process. In terms of the
mesoscopic heterogeneity of the rock, the strength parameters of meso-units are set to obey the Weibull
probability distribution. The tensile failure criteria and the Mohr-Coulomb compression shear failure criteria
are applied, and modulus reduction method is applied to deal with cracking. Then FEPG software is used to
achieve a finite element method (FEM) simulation. The simulation results show that according to the causes
and distribution of cracks, the perforated rock can be divided into four regions from the inside to the outside:
compression shear damage zone, tensile damage concentration zone, tensile damage propagation zone and
undamaged zone. The variations of crack distribution under different loading and confining pressure
conditions are analyzed. Compared with the results of laboratory simulation experiments, the validity of the
model is preliminarily verified. The research results lay the foundation for subsequent research work.
Keywords: perforation experiment; rock damage; fracture distribution; finite-element method simulation
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