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Influencing Factors of Perforated Casing Strength in
Ultra-Deep Shale Gas Wells

Chen Lin'  LiuJun"? Zhang Yi' Zhou Xinzhong' Li Qiang'
(1. School of Mechanical Engineering , Southwest Petroleum University; 2. School of Mechanical Engineering , Chengdu University)

Abstract: Ulira-deep shale gas wells are susceptible to deformation damage of casing during the perforating
process. Taking the exploitation of ultra-deep shale gas wells in the Longquan-Jianyang block of the Sichuan Basin
as an example, focusing on the change of casing stress during perforation, considering the interaction of non-
uniform ground stress, perforation explosion temperature field and detonation pressure field in shale formation, the
finite element software was used to build a calculation model of perforated casing stress in ultra-deep shale gas
wells and conduct a mechanical performance test to investigate the influence of working condition parameters,
cement sheath parameters and perforating parameters on casing stress. The results show that, in the cementing pro-
cess design, the elastic modulus of cement sheath should be greater than 5 GPa, the Poisson’s ratio of cement
sheath be minimized, and the thickness of cement sheath be increased. In the perforating process design, the perfo-
ration diameter should be controlled between 10 mm and 16 mm, the high density (>24 perforations per meter) per-
forating process be selected, and the perforating phase angle be 120° and 180°. The research results provide theo-

retical basis for the optimization of design parameters of cementing and perforating operations in ultra-deep wells.
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Fig. 1 ~Test instrument and parameter setting
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Table 1~ Test data of uniform external pressure on casing

P 3 (A5 B fmm B L1505 T3 /MPa
AOLER SAEE
0.14 2.7 23
0.36 6.3 5.6
0.61 9.8 8.7
0.85 11.2 98
1.14 13.1 10.2
1.71 14.9 10.7
2.55 15.2 _
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Table 2 Casing strength test results
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e 4
E = ks mm mm MPa MPa
TAES  P-110 917  139.7 74.23 —
SHLES  P-110 9.7  139.7 64.25 9.98
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Fig. 2 Test effect
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Fig. 3 Interface temperature distribution model of assembly
TEAE AR R G, I AR S = Ao 7
FEH -
&T o 1dr
ar? rar 70
RS 3 A 2 A -
Ti(ri)= C'In(r/r,_,)+ D/ (3)
Xrf: TONHAWIRES IR, C; or L
W s B KIEIRMZ B SR O
RS, m, =0, 1. 2. 3, 4, Hopr g fLitF
fes €L DIGP N 54 A A AR H AL, Co
R E i 550 (ro= Ry, T,=Ty; r, =R,
T,=T) 1RAK (3) BIHERESIAA -

(2)

Q:

me0+m&mJ+M&mJ+M&mQ

A A,
K QAP E, W; A, G=1. 2, 3, 4) AK
725 B KR AHZ A EHRTE, W/ (m-"C).,

X (6) LA (5) 5 (4) Arkfgisdl
AR AW T, (=1, 2. 3) M-S FLEL

) =T+ T wGur) @)
In(R,/R,)
P 8 LI St T 4 A A A
a7, A, T,-T,
=S Boo ()
T T n n(RUR,)
A ¢ HPFEE, W/m,
it (5) ATEE AR Q M4ty .
(6)
A, A,
LA IR 35 50

2.2 HILBRERENFHER
AL KR 7 A R v e 23 7™ FE R I A 1Y) iR
B, AT R. H. COLE "7 $ A9 KE 25 K B KR



— 34 — s

WML M

2025 #5334 %104

W LS TR A AR RS s -
pm=52.27><(3/RW)H (7)

P AT A B AR R S A AR R

L.15
3
p. = t07 x| I5235% (®)

SR AL BERRR A i S B ) 4 22 R e 2 7 B e T
() P9 S ek, (PR L ol R s A7 B K sl AR RN
A BB SE R, AR ME FF B E o BT SR A 08 1 R 13
B AR, R, H. COLE "7 i rH I LA 15 5] T
FI R 7K BN R ) 3 s I R B 2 AR A

pae”, (<0
R, i) = / (9)
p(R0) 036&MX%—(0<t<50)
13 -0.23
a=0%4xwﬂ?;) (10)

R, p, WIBREHIE, MPa; W REFLIRSE 254,
g; ROMHEHHFLSRC AR, mm; 0 AR FE
TRE, sy AL, pso
2.3 AEHER
2.3.1 SEAREEA

PLVO 1 23 e AR — fi B i X M 1 1 2 50
FHSE (WFR3) NI, & HILES KR
- 2 AR = e iR, S FLAG 7Y 5 SQ89-9—
16-90-120, HHL5AIS DPI6HMX9-1, 54 )72
R SER B8R . AR S A R, MR AR
SIS I K TR R LA RS, Sy kB 301 800 1Y)
S, AR TUAIE AR E S 3 000 mmx3 000 mm .
2.3.2 HAtER®

AR EitES R, AEw . EE . K
VIR . HuJZ5F AR RHR EAF MR YE, Ik
4R o
2.3.3 @AREH

4 2 R 7 000 m B, S S AR AN
R AR A5 3 K S B K FE I H oy M 80. 72 MPa,
IKFER/NFERN ST o, N 67. 27 MPa, 31510 T8 1
o, M 171.68 MPa, HiJZHE N 176.42 °C, 8 4%
I Tk FBE 7 5 AU AT i A 25 A5 PN RENRL B O 433,19 °C.
R R ) B AT AR B R R R
111. 6 MPa,
2.3.4 ZRHH

WEKRAMIERE N9 GPa, ML R
0.25, JEE R 30 mm, FHFLFLEH 10 mm, HFfLFL

R3 MAHESHMEGILSH
Table 3 Wellbore and perforation parameters of Well M
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Table 4 Material parameters of assembly

Z M Y KRR )2
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Fig. 4  Stress cloud chart of perforated casing
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Table 5 Calculation model parameters
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Fig. 5 Casing stress at different elastic moduli of cement sheath
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Fig. 6 Casing stress at different Poisson’s ratios of
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Fig. 7 Casing stress at different thicknesses of cement sheath
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Fig. 8 Casing stress at different perforation sizes
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Fig. 9 Casing stress at different perforation densities
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Fig. 10 Casing stress at different perforating phase angles
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Table 6  Detonation overpressure of charges
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Fig. 12 Casing stress under different explosive loads
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