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Effects of perforated completion parameters on well test type curves

OUYANG Weiping LIU Yuewu
(Institute o f Mechanics . Chinese Academy of Sciences. Beijing 100190, China)

Abstract; Perforated completion is one of the most commonly used completion methods in oil and gas development. The single
well productivity is largely determined by the completion method for a given oil-gas well. The well test analysis and single well
productivity calculation are normally realized by using a 2-D open hole model, however, this approach may cause large errors.
Based on properties of perforated completion and permeability anisotropy of reservoirs. a three-dimensional numerical well test
model was proposed to analyze the transient flow in perforated vertical wells. With the model, well test type curves and pressure
fields of perforated wells are obtained by using the 3-D finite elemnet method (FEM). Through analyses of well test type curves
and the three-dimensional flow in the pressure field, six flow phases can be recognized on well test type curves of perforated
wells. i. e. wellbore storage. the first transition, early-time partly radial flow around the perforation. the second transition, late-
time system radial flow and boundary-dominated flow. Among them the early-time partly radial flow around the perforation is the
most important characteristic of perforated wells. Effects of perforated completion parameters, such as perforation density.
length., phase angle and permeability anisotropy. on the transient pressure and derivative responses were studied, which provides
theoretical guidance to design perforating types and analyze well test data of perforated wells. The calculation result of the total
skin factor of perforated wells showed that the productivity of a perforated well may be higher than that of an open hole if the per-
foration is long enough or the perforation density is high enough. Increasing the perforation length is an effective way to enhance
the productivity ol a perforated well.

Key words: perforated well; numerical well test: skin factor; 3-D FEM; perforation density; perforation length; permeability anisotropy
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Fig.1 Geometry of perforated vertical well

2 BUE BRI R HOR SR

2.1 ¥HFEER

S L 2 LA T BR K S 0 B 0 EL UG 1 2L B i 5 L
WEAS WO R S LA BRI N A . S L &
SR B AR A8 0PN 3 B 1Y T 0k 1 5 O R
B9 o {EL 2 2% A PR B T R A 4 1) o LS LAY 9 i A

—E Mo PRI 6 T S A R B I LA AR
4 FE D R A S RSy RE A . b, T AR

P py P py Ppo _ 1 dpp
22} + 255 + K 32} C, 2T, (1
P S A -
P =20 2)
W LR A
z 3le) dpwl)
FEIA)D(E}_P!F) 'rm o 2Ihn(1 '_E‘.I—.,IT) (3)
p.il’ e pr) (4)
VISR SN
EEAR bl =0 (5)
b FJPI) —
i‘”’ﬁﬁlﬁ':w g =0 (6)
FE SCHH JE K A
=Ki,h(p,—p)_T _ &, _3.6X10 'Kt
D 1- 842({!;8 s 4 D CD s LD 95/1(:17"&,
_0.1592C ~_x _y. . _ =
Cy = ¢hC.ri XD rw,yn rwyZD -
B4 Ak IPp
K > Kh sA,U — ?';1\- !hIJ - ?‘\.,.‘a_ﬂr =
dpiv Ipip P _ L,
(a.I'ln + J 5 C ‘;ﬁ-}" K\'II D cosy 9L;l> - ro ¥
Higy = hy _ L;r,,;, =
L Pp T

K :po HERHPIE T Ty R Jo it A B0t | 500 b
RG] ;Cp A ERPHE R 20 30020 A
AR AR Ko N B TE 1B EH A A ERAN
BRSO T TE 9 T A s Ay, Ry TC R R B s L A R
I A LA 3 by, R TE A 40 55 L 18] BE 5 v,y JC Bt 49 5 AL
L2 N N A B RIOCE A A, gL A s
BT R AR, m’ s B AR R B, m'/m’; C R I 77
i ZRE m’' /MPa; C, N S E4H R E,1/MPa; h Ry i 24
R smsh, A GFFLIAIEE sm; L, RS FLICBE . m; K, A
He BT A BB . mD; K\, K- J5 16 (98 35 45 s mD;
p RMIRTE J1, MPas p, Ok i 2 5 46 TE 01 s MPa; p, B 3
KA MPas g B k. m'/dsry R 2ERE mr,
AFFLAAE  ms e HBFE] o, G FLEEE L/ m;s ¢ R
Mo JEFUBREE 5 o0 o 302 b AR 19 R smPass,
2.2 HFRTAEKRRE

PN 4 A A f T 35 R W o AR Ohy L Rk A
BT, AL R Bk 25 (H R B

N; = a, + by +eayp+dizn

[IUEEy

. a:Pn a” pp 9” pyy 1 dpp
o(TPp L 7 Po | g B —
JlJN' ( dxh ¥ Ay K azh  Cp BTD>dV 0




530 vl M

EE ¢

2013 5 55 34 %

;H\:EP 'l = 1729374955%7?\‘%;—&%

[[f (220 220 . a5 ap0
% dxp dxp dyn dyn
m dpn E dpo - J.J . dpn
Kin 5o 5o+t g JAV = N s
WLITHE S R

pb = PiN§ + p;N§ +piNi + pL, N5
H, pispsspisps NPT SENE, B8 H33 4
FRIC T #E

V(e T Kod: +g 1

Y = |
C., 10AT, )P" o+

1 wtl
(bb +cic; + Kndd, +—= C“ ,OAT“) +
et
V((’J betcier+ Kopdide + C“ 2{}AT|, )p;, o
1 et
V(b + e+ Kiodid + g g ),am
é i é apj.k.m o A apk,m.; - l p( o +
6 an’ 12 an 12 an Ciy 1(){_\.T|, :
V 1 esn . 1 esn K ; (e
C, 2001, P + = 20aT P T & SoaT P
(7

FT PN 2 5 AL A T A P R AR B

300

(a) fBIRAY R P

N
b
> An (32| 1
J=1 in ntl e,n
W] 1 W] 8
Sl _'_AT)p D +ATDP b (8)
N A& S E ST AH 46 B
Pin = pPwn (9)
1 = » =z
1 Vi Z
8 € JEly Bl
6 1 e o] ¥i zZ3 g 6V 2 e (|
L ViaZh
1 i Zy
1=l % N 8 y;
1 1
"-'r=6T,-1 Ly z-‘-ﬁdr'=—w1 Ly Vi
1 % % L B Fm

A Sy Y v AR v — i T Y T AR, BT AR R O 18 2 SR
5. WU —(O T BRHAMAK ARG T,
R A% R G0 0 R AL, BERT 48 BUAT B RS 5 (2o 00 20) |
n+ 10 21 EE po(znsynszn).

BT HEATA BRICH L, U0 5 X sk 47 L A
FH Gambit [ % %) 43 % 14 45 30 DY 16 ¢4 4%, 20 30 5 0]
HAFE R G F . LA TR S i 3k o, A 6 RN
HE X R 600X 600X 10,i% KR AN R ikH &
G5 4% 1) 9 » 1 43 1 P A% fnn B 2 Cad B 7R S 1 BREOE A9 X
R E anE 2(b) Bt .

(b)) H-f B 3L 6 9 s P

B2 fFERemEEMEER
Fig.2 Tetrahedral meshes chart of reservoir

3 IR ER K

3.1 RHEBRHERENFSHRHIE
B3 g AL B i 2k, E 3 W] LU
t 5 51 LI B IR L TR T 23 6 ASASIR] B 3L 3 B B
(O H A B BL. 75 BB Be - 187 v 0 A 9 i 4
Ml T JesE PR T 0 R 0 G Bl 2R 3 8 0 A 36
B MEHKREB ARG RE T X — B B
4 SE £ I [4]

(2) 55 1 3L W Br. WA I 18 1 Ay 1 B ARG A6 b
RS IR EZMERT . 1 )2 b 693 5T A 21 4L AL
TR H 8 05 7 B 52 0 328 3 D6/ ) » 30 30 B 5 4 47 B B
Aok ) R J0 ) A ) 9 o B

(3) HFLIU1 )R #RA% ) BB B . )2 o A O 1 A
B 7 b AR 1 9 3l 1 J5 30 A B AL AL E R T R
SRR RN A FE sl . R 2k LR
T RO AR BB T 7 S 500 {8 B2 JR) 0 A% 1) AL 4
4 B ] 25 3 B SIS BE M BESF R Y52 . 1B 4 A



53 4

WA PR A T 5 - 3 AL 52 2 00 i I 2 110 82 531

Yildiz " i 3 s B BE 3 3 T8 25 1 8 L HOF B 14
B HE g o A B R GE SE R AR R A FEAE . B 5Ca) Sk
A SOV B 0 B B i i g 4 A B T L B 3 B
Fi 3 Bl %8 4 S FLAR 0 1) S0 4 o 8 4 3t 6 B 1 [l 58
AL RS . BB B S LI Y 32 BARAE .

(4) 55 2 L Wb Bt Bl A R ) ) 4% 1 , A6 58 L R]
TR EFEHABURK G ERT . R S5k -
o8 Uit 3l ph 6 L5 1] A 30 7 ek B g KV O Tl MLl

(5) RGeAera i 3 Br Bt 2155658 2 Wb Bt
YLk B K- 1) (49 4% 161 3 3, BN 3 K9 I 1
MK D5 i sl . B 5 (o) B T 7 43 A5 BT DA 5
TG S S AL AR T ) B 46 B4R R T 1) 43 A L 6 BT A
2l R K V-4 1) i 3l o

(6) AP ARERM B . Ik BN N R AEH
IS0 5 B TR o B 0 B ) S8 4% b5 di A
FHERFRER N WEHE AEE RSN R ERT JE
Hh AL o FE ) RO 2 F 4.

A ZEOT 15 30 1 BE lh 8 4 48 7T RE A B
ARl FEFESHHAT A 203l B Br i FFIE 2
AH B e SRR B0 R A T E A LT
AT R & HE T 0 A9 R R AR 1 AR AR . MBSk, B AL
JEE AR S LA B2 0 L 5 300 Jm) 8 A 1l 3 3 B B A A AE
TR B

100
— MR
— EElR
10'
<
% 10°F
-8
10~ HAEE: 12fl/im
r=00064m L=0Sm 0=90°
r=0.1m C=1 K=1
102 10 100 1* 108 100 100 100 10°

s/ Cy

B3 SA#midiHFEtlms
Fig.3 Well test type curve of perforated wells

&

B4 Yildiz #iZ BHRRERHAREE
Fig.4 Early time radial flow stated by Yildiz"'"]

(a) T30 )5 ¥4 1

(b) Welb) R Gede o i

Bs5 HAHMEASHEHE
Fig.5 Pressure flields of perforated well

3.2 HAEERRWE

Bl 6 A A L BE T i Bt 2. MK 6
Al LA B Y ST FL & B R 4 L/ m B, H R 2
2R VAT LB B0 R 5 B £ O K P 2R B i AR .
X JE T 5 AL 5 B /N [ S8 A St AL R A 1) 3L 3l
R AE B B 8 A RN T M . T 3 AL E O 16 fL/m
I o 42 i) 9L 30 B B AR 5 1) e i) R A ELARRAIE AR B 2
AX S T AL BEAR T, S AL ) BE D o S L 1 7 A
0 e ] RS o S A5 A2 i O B i Bt B R S Bk
A2 R B, X 4 R ALERE S 12 L/ m 1
Ao 1) U BN AE SR B . 3 ey T AR L R B LA B £

10" -
1 —a4flim
2—38f/m
3—1i2f/m
100 L 4 —16%/m
<
<
=1 b
10 L=03m Cy=1
r,=0.006 4m r=0.1m
6 =90° K.=1
1 L 1 1 ]
10 10-! 100 10' 10 10°
tp/ Cy

6 IESFLEER I H RIS Lk
Fig.6 Well test type curves of different perforation density



532 el i

EE ¢

2013 5 55 34 %

K EHR AL T4 6 31 1 0, BE AT A AR AIE A2 10 3 3 B BR
F1y B [4) o SLRT LA S B - i At 7 20 7 T HE 5
St L% JEE 1 344 T R 5 o I G 0 48 £ B R /DN
HIRB RS R . AR I 3 B B i K it
WHIEE S AR
pwnr = (Inz, +0.80907) /24 S, (10)
MR T 55459 B B9 4% 1 O 3h B B G ik 49 R A 1
] A4S 3 S AL I A 8 R B R B, DT BT A 4 B 3 AL
HE . AR L 1—4 09GN %
1,8 K5 T8 E% MM Karakas 57 ¥ #5174 L,
Xt L & B Karakas J7 ¥ 76 I 55 L 2% B2 B /9 71 5246 B

INo 3t T Karakas J5 ¥ & — Bl 2 i A 19 J7 25
A EAEE. BRTSAEER 4L/ m R
BRT 0L, HRBE/DT 0, G =&k
KRFRIBH(S=001 ™8, UL — &S HCF §F L5
FJG 0 55 AL I AT RLRE Ok 56 9% . X4 9 L
A] DLSE n il S = RE L (BN 6 Rl DL Y G
FL 5% BE X5 7 BE A4 BT K B A S L 85 EE (G B i k5
W2k 3 R ZBHh — 0. 48, 1M £k 4 KL R
R - 0.68, % #F 25 A K. dAh, 5 AL By 1
oMM EE MR BED, B4 E & T 05 L%
J§E A7 fE— A He A Af .

F1 TEHFIRASUTHHIAARERZY R LRI

Table 1 Comparison of skin factor of perforated wells under different perforating parameters

2 L SR E SFLAHDL A BiE R ) S
A Karakas 35 A XKL Karakas ¥ A5 Karakas ¥ A0k Karakas #%
4k 1 1.29 1.02 1. 06 1. 05 —0.94 — -0.73 -0.71
g2 -0.05 -0.11 —0.48 ~0.49 -1.08 -1.11 -0.92 -0.93
Mk 3 —0.48 —0.49 -1.07 -1.09 -1.07 -1.09 -1.07 =1.09
M4k 4 - 0.68 - 0.68 = 1.45 = 1.47 -0.86 - 0. 86 —=1.21 —-1.22

3.3 HAKEN®WE

P&l 7 g A [ 5L 25 A ) S AL A JBE Fr 3 2 3 i
. DB 7 Al () 58 L BE 25 ML, 5 FL A B B
o S5F L A J) A28 1) DA 3 A A H- ] A 280 0 T 48 i
Wmihsk 1 MK . AEET LM, IF A &%
e S5 L JR A i) 3AE P I R) 33X R Hly T S L 2 () ) fia) B
WA R LI A T PR B B AT . LI R A 3,
(7] 5 B 68 3 AIK IV B A AR 22 REBEL . R IRD 3. 2 49 3K
e84 75 35 W] AR B 4 RpOAS [ S LI BE R i B FL I 3%
BRARBGE DR300 R K R85 Karakas 77 3%
RN —2. RBGRMERERBLILE 6 5E 71
X R B AE— 78 Wy BLG « 3900 55 FLAS BE X 7 BB A 4 &5
i R T R S L RE i A v 8 B i S LK B
T R 7 R A TR

10'
1 —L=0.1m
2— L[=03m
3_l.b=0.5m
10°F 4—1,=0.7m
&
=
10°' |
HAEE: 124l /m
r,=0.0064m r=0.1m
0=90° C=1 K=
102 10! 10" jLIL 107 100

/Gy

B 7 TESFLIKERKFIE R ik
Fig.7 Well test type curves of different perforation length

3.4 SHFLEMAHRIE

S LA 52 £ 2 o FLME 1+ 3 S 1 — A R B
PosE TR FLAEMZ TR A . 1B 8 TR S LA 7 £
AR B 2R 1 . DA e il 2R W7 A () 5 AL 4%
JRE 0 5 LA BE AR EL S5 LA 07 A 19 52 wa 4 X B . B
FLAH DL F R AN SR K KB, 5309 42 1) 3 20 ¢ AiE 46 A B
o xR T HILEEMERENEAT MM K DS
15 A A A A <8 5 L e] ) T PR A, TR K& B F
S L)Y T BT o 5L 1) A% R 5] Bt 3 i T 5 AL
J& B A A Bl BEL T 5 TS R 1—4 19 5T FL IR 2 B R AU
F 1ML o 60°F1 90° 19 3 B R Bk A — B, T AR oz
£ 2 30°F0 180° Y 32 e B K, 36 WY A F B 60°~90°4c
AMLEEAE. HAMHTRARRMNPAHRERES
Karakas 77 #: 9 — 2, | T Karakas /7 % H i€ i} 516

10'
1 —30°
2 — 60°
| _gi== %"
1ol 4 — 180°
<
<
107" F
HAEE: 129/m
r,=0.0064m r=0.1m
L=05m C=1 K,=1
10 10! 10° 10 10° 10°
5,/C,

B8 AESIFLIEM AL HEIL Lk
Fig.8 Well test type curves of different phase angle



53 4

DR FH A6 1 56 I AL S8 3 2 B0 I ILIE 4R (9 52 533

PR AE B9 A A2 A 203 Ol 360°,180°,120°,90°, 60°
45°, ik 30°mF R ] Karakas Jy i B,
3.5 BEEXFARMEMNRIT

FERRIR A o b T35 0 07 18] 9 K- T fi) o 3 ) 4 i
AR WL h . A5 S AL A G BT 9 A DL
L7 WA B S FLFLIE N XA IR R 2 3 ) B
ERM R K . B9 A [F) T bk 493 0] 8 48 3 1 ik
e 2R . AP 9 rraT DU B, 3 6] 8 K
JC B FE B N LW B BE N, Ko = 1,
30 450 1) 90 B R E 0 B 5 Koo D85 1 RO, B 3 ) 2
1 38 55 7K J5 1638 35 A 22 K I 3 BI04 1o 0 B
TEARA W] 5 . 3 6] 35 35 8 34 5% 0 4 5 AL R 8 A2 1) 3
2y B Be Y Hs 7 5 B0 5 00 A8 1) I B B W E
0] 38 & R AR T HHEAR R 4 FOR R I W 8 E
RENGTHRMHABMELR R EEHT T ORI R
Y Karakas L8 H—3. WERE RZEWITHE
{EL AT 50, 3 1] 35 3 3 0 5 L 09 2 B A B R e
X F I 0] 38 B AR 2 Bl i TUE SR R 08 E
G R K FE i 55 FLH: 10 7 Ak o o7 I 45k ek 4 LA S5 L 52 IF
7 X5 .

10
1 = K,=0.25
2 — K,=0.5
3 =—K,=1
10°F 4 —K2

&
s
,
10 |
HAEE: 124/m
r,=0.0064m r=0.1m
L=0.5m Cz=1 0=90°
102 10" 100 10" 107 10°

/Gy

9 TRE@MEEFNAFEICHLE
Fig.9 Well test type curves of different vertical permeability

404 %

(1) HESL T —Ff s FL - A B R, LA =
Yi 45 BRIT 7 o 0PRSS R 0 47 3R e 3KAR T 41 7L I 19 I
BRI M & LA K FE 1 43 A 3 . R4 B T LARAE

(2) SHFL s R 2 5 i i H: B0 gl 4% K R Y
2% ERAAEERERHAEELRET HLR
A8 DX 3 114 42 i) 9 Bl 4 Ak AR ME 7 X fth 2k 1753 203 i Y
S W, B 2 S L 5 EE A 3 m  SFL D A DA R )
S5 L% 2 Xk ™ B %) BT R Bl A S FL 8 R A 39 o T 0
SR L BSR4 2 R0 S A D SR BE L AR GE AR AR R
L% REAFAE— I R ME .

(3) SFfLAC BE XA I B8 il 28 B 7™ fB R 4 R B iy

YER . S EEBAC , AR 0] M Sh AR AE B ] R .
TG S LK BEAS 2 S SO AL a] T 48 0 Jn Ja) e
AL BE A A EL 3 o 5 L% B T AT OR .

(4) [A]5FL %5 FE 0 S5 L A BE A B o 55 FL AR 62 £ Y
R M AR XA AN o AE T S I L BE R, S L AR A A 2
SE T HHFL I BE SO LA L f A — N e . T
SRR S LA AL AR 72 60° ~90° 22 45 19 2 B 7R I
AN LS4 1) 90 S S AIE B T 2

(5) T[] & % 5K 7 [0 6 3 R 2 WK 5
LR T RS A 1) i B R AE RS B . ) 5 0 R S W
A 2 10 3 3 B B 4 He 7 S 8O0, R A 1) O 3 B
10 s T 1) 12 385 2 A S0 T .

(6) o Gf FLH 3 B2 R By % b R B AR 4T3
WAL I 3% B R By Karakas J7 8246 i1 50 1K 5 FL % )
B 75 5 1 & B2 R B/ AR BL T Karakas J7 ik 5
A= AR T O R R S R — 2L

2 £ X W

[1] Harris S D. The effect of perforating on well productivity[]].
Journal of Petroleum Technology, 1966, 18(4) :518-5328,

[27 Klotz ] A.Kruger R F,Pye D S. Effect of perforation damage on well
productivity[ ] ]. Journal of Petroleum Technology . 1974.26 (11):
1303-1314.

[3] Locke S. An advanced method for predicting the productivity ra-
tio of a perforated well[J]. Journal of Petroleum Technology.
1981,33012):2481-2488.

[4] Tariq S M. Evaluation of flow characteristics of perforations in-
cluding nonlinear effects with the finite-element method[]7]. SPE
Production Engineering, 1987.2(2) ; 104-112.

[5] Karakas M, Tariq § M. Semianalytical productivity models for per-
forated completions[ ]]. SPE Production Engineering. 1991,6(1) ;
73-82.

[6] Yildiz T, Assessment of total skin factor in perforated wells[]].
SPE Reservoir Evaluation and Engineering,2006,9(1) :62-76.

[71 Hagoort J. An analytical model for predicting the productivity of
perforated wellsL] 1. Journal of Petroleum Science and Engineer-
ing,2007,56(4) : 199-218.

[8] Atkinson C.Monmont F,Zazovsky A, Flow performance of perfo-
rated completions[ 1], Transport in Porous Media, 2009, 80(2),
305-328.

[9] Jamiolahmady M, Mahdiyvar H.Ghahri P.et al, A new method for
productivity calculation of perforated wells in gas condensate res-
ervoirs[ ] . Journal of Petroleum Science and Engineering.2011,
T7(3/4):263-273,

[10]  Yildiz T.Ozkan E. Pressure-transient analysis for perforated wells
[J]. SPE Journal. 1999.4(2) ; 167-176.

[11]  Ozkan E.Yildiz T. Pressure-transient analysis of perforated slant
and horizontal wells[ R]. SPE 56421.1999,

[12] =& F RO aE, I 5 F0 58 605 W 9 3k a0 B ik i e L) 0. R



3

Eire 2013 5 55 34 %

[13

(141

[16]

SRR T ,1991.11(3) :30-34

Li Zhiping,Zhao Birong. An investigation of well testing analysis
for evaluating the damage to perforation completion[ ] ]. Natural
Gas Industry, 1991.11(3) ;30-34.

T AR L. i ook LR R E
B L. PR AR B2 L 1996, 18(3) :59-69.

Fan Xueping.Huang Jianmin. Tang Yula.et al. Analysis of tran-
sient flow of perforated well with beundary element algorithm
[17. Journal of Southwest Petroleum Institute, 1996, 18(3) ; 59-
69,

SR . 1 L A PR OT ke LS A R ). Ak
1. 1989,10(3) :48-58.

Tang Yula.Pan Yingde. Evaluation of perforating completion by
finite element method[ ] ], Acta Petroluem Sinica. 1989, 10(3);
48-58,

R . E KT O B - 5 AR il AL 5E HF e e Y o PR T
B, A AR - 2001.22(5) 16367,

Li Haitao, Wang Yongging. Zhu Yupei. et al. Produetivity evalua-
tion and modeling of perforated well in naturally fractured reser-
voir using finite element method[]]. Acta Petroluem Sinica.
2001,22(5) :63-67.

FAF-. EREA . DR, & ] 50 A B B SRR B
e FEL) 1 K P i 5 FF 4 .2007.26(3) :65-67.

Wang Jianping. Wang Xiaodong. Ma Shidong, Unstable filtration

[17]

18]

[19]

[20]

R H 8 2012-11-04 #c[a] © 8 2013-03-29

theory study on straight well penetrating in various parts[ ] |. Pe-
troleum Geology &. Oilfield Development in Daqing,2007,26(3) ;
65-67.

BT 97+ Bk R 9 A8 B OUTIE A B0 41 54 OF 8 B B it
M 22 L], K P il 45 TF 2 . 2008..27(6) :87-90,

Chen Fangfang. lia Yonglu, Zhang Fuxiang. Partial perforated
filtration model and the typical curve of well test for dual media
[J . Petroleum Geology & Qilfield Development in Daging,
2008.,27(6) :87-90.

BE7E . SLO b, &0 4 56 OF H o 2R B it R B L R EE g v
(I & 5 T £ . 2009.36(4) :513-518.

Yao Jun. Wu Minglu. Streamline numerical well testing interpreta-
tion model and pressure response for partially perforated wells[ 17,
Petroleum Exploraton and Development,2009,36(4) ;513-518.
b LIRS - k- SR e R b AL S R A P T o
R . 1991,

Zhang Diming, Cai Congxi. Zhang Keben, et al. Computational fluid
dynamics] M, Guangzhou: Sun Yat-sen University Press, 1991,

JAF 9 A [ 12 4E T 3« B FL S MO0 T R A B A R T
SEHeLD]. A imBLI . 2010.3801) :32-34,

Tang Ruzhong.Wang Tongtao. Yan Xiangzhen. et al, Finite ele-
ment analysis of effect of perforating parameters on casing

strengthl ] |, China Petroleum Machinery.2010.38(1) ;32-34,

WAL BN

(RilmZFHRI2013 FE 4 P{MOXEBS (1)

AR B B s FR B IR0 B R PLAE I R sk oo vveer e e e e

REA AR i AR ARBE = e 2 M B R

B KB AAREEIE R AE TR EEITAL P IRAEAE v ooeeerveerrennn s eensee et e s

EHSRRAR KGN FHA

YRR A LB 53 ) 2 R e e

RESHALRM G HRARD A FREI oo

B AT A 4RE

BER TBE FREIE B oot oo cosntinn. cus

.......... I B T

gt
ssssissiess AR
IZkRF
e BRF
R T 2 2
- AR
e B R

B R T

seraaaas s aaen sesssranaan

S ses EEs ses ses samEsases ses sEs EEs Ees san




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


