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Evaluation of perforating damage for sandstone
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Abstract: Based on the sensitivity analysis of deformation rate effect on porosity evolution, the mechanical model for evalua-
ting perforating damage of sandstone was developed. Combining with mechanical parameters at different time, which were ob-
tained by dynamic response analysis of sandstone around the perforation tunnel, the distributions of radial porosity and perme-
ability were studied. Then, the perforating damage degree was evaluated. The results were compared with experimental data,
and the validity of the evaluation method was proved to be effective. The results also show that the porosity near the tunnel is
even somewhat higher than undamaged average porosity because of crushing of grains or tensile fractures around the perfora-
tion wall. In addition, porosity and permeability of sandstone in crushed zone reduce significantly, which impairs the flow
performance of perforating tunnel severely. Furthermore, the more distance from the entrance of the tunnel, the smaller the
reducing amplitude of crushed zone thickness, porosity and permeability will be. When the shock load intensity increases or
the strength of sandstone decreases, the damage degree will be severe.
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Fig.1 Numerical model of sandstone under shock load
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Fig.2 Distribution of pressure impulse load

along perforating tunnel
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Fig.4 Distribution of radial permeability at different position along perforation tunnel
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Fig.5 Distribution of radial porosity and permeability under different peak pressure
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Fig. 6 Distribution of radial porosity and permeability with different strength of sandstone

yE

=A

(1) BE 73 B 45 R -5 1056 s BE 08 A4 #h Yy
A Bk T LRSS PP T IR A R

(2) T 9L bk i A B DD EE SR AT T, LIE
PWEERJZ A 38, T M AR B ESE 3 T 1024
FLBRBE , fRLUAR B R S AN OB 7 T HL HE B 0 £L B
SERRE )R, i M 22 TR T RD A 8 o R W] B
i,

(3) Wit s Jok b 28t L8 Al 1) ) 20k, 120
AR R FLBRE 58 B R0 E BB AL/

(4) AL v 237 A B9 U EE S8 A 5 s A FH ek A
T AL A FUE A R R U B T LB
VLI AE ST, HL el 280 A7 5 B S A e I e R
K, UG Y0 1R ™, 3 G A L s S 43 5 R
Ko

5 it

S E 3k

[1] SWIFT R P. Micro-mechanical modeling of perforating
shock damage[ R]. SPE 39458, 1998.

WX, IVHTIE, PR 5. DU A ST L XA
PESAR IR AT S [T]. AR TR 222240, 1999, 19
(s1):33-37.

HUANG Feng-lei, SUN Xin-bo, LUO Xiao-juan, et al.

(2]

An investigation of Berea sandstone damage zone using
nuclear magnetic response (NMR) [J]. Jouranal of Bei-
jing Institute of Technology, 1999,19(sl) :33-37.
ARG, FEEME, IV, S LRSS ].
AR 57 &, 2000,27(5) :112-114.

LI Dong-chuan, TANG Guo-hai, SUN Xin-bo, et al. A
study on perforation crushed-zone[ J]. Petroleum Explo-
ration and Development, 2000,27(5) :112-114.
VERONIKA Vajdova, ZHU Wei, CHEN Tzu-Mo Natalie,

et al. Micromechanics of brittle faulting and cataclysmic

(3]

(4]



. 142 -

T E G HKFEFR(ERAFR)

2014 52 A

(5]

(6]

[7]

(8]

[9]

[10]

[11]

flow in tavel limestone[ J]. Journal of Structural Geology,
2010,32(1) ;:1158-1169.
THURMAN E, SCOTT K C Nielsen. The effects of poros-
ity on the brittle-ductile transition in sandstones [ J ].
Journal of Geophysical Research, 1991,96 ( Bl) . 405-
414.
WONG Teng-fong, CHRISTIAN David, ZHU Wen-lu.
The transition from brittle faulting to cataclysmic flow in
porous sandstones; mechanical deformation[J]. Journal
of Geophysical Research, 1997,102(B2) :3009-3024.
MORRIS J P, LOMOV I N, GLENN L A. A constitutive
model for stress-induced permeability and porosity evolu-
tion of Berea sandstone[ J]. Journal of Geophysical Re-
search, 2003 ,108 (B10) ;2485-2496.
MORRIS J P, LOMOV I N, GLENN L A. Simulating
perforation permeability damage and cleanup[ J]. Society
of Petroleum Engineers, 2001,23(4) :120-137.
API RP 19B-2006. Recommended practices for evaluation
of well perforators [ S]. Washington: API Publishing
Services, 2006.
WA, WFEA, AKHERR, 55, B2 S 0 OGS A 1 BT
BT (0], P E A RO AR A AR,
2007,31(1) :80-87.
YAO Jun, ZHAO Xiu-cai, YI Yan-jing, et al. Analysis
methods for reservoir rock's microstructure[ J]. Journal
of China University of Petroleum( Edition of Natural Sci-
ence) , 2007,31(1) ;80-87.
HILTL M, HAGELBERG C R, SWIFT R P. Dynamic
response of Berea sandstone shock-loaded under dry,
wet and water-pressurized conditions[ C]. International

Conference on High Pressure Science and Technology

(12]

[13]

[14]

[15]

[16]

Honolulu, National Technical Information Service,
1999.

KARACAN C Ozgen, HALLECK P M. Comparison of
shaped-charge perforating induced formation damage to
gas and liquid-saturated sandstone samples[ J]. Journal
of Petroleum Science and Engineering, 2003,40(3)
61-75.

T, BOERE, JETE S BT RRE A KM
it 2B E AR [ T]. A= A ARR
2FRR, 2013,37(2) :1-6.

MENG Wan-bin, LU Zheng-xiang, TANG Yu, et al.
Reservoir permeability prediction based on sandstone
texture classification[ J]. Journal of China University of
Petroleum ( Edition of Natural Science), 2013,37(2):
1-6.

B, RIRFL. W0 A2 LI VF O (Y B 25 T
TRk EA R HARRRERR, 2007,31
(5):18-20.

ZHAO Lun, WU Xin-song. Evaluation method of sand-
stone reservoir porosity through thermal decomposition
weightlessness[ J]. Journal of China University of Petro-
leum ( Edition of Natural Science), 2007,31(5) ;18-
20.

L, hEA Bahds e[ M) KR
Tl Rz R, 1994:114-116.

RUBIN B, VOROBIEV O Y, GLENN L A. Mechanical
and numerical modeling of a porous elastic-viscoplastic
material with tensile failure[ J]. International Journal of

Solids and Structures, 2000,37(7) :1841-1871.
(%B# hEE)



