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Abstract: During perforating, the high velocity jet penetrates the casing—cement—formation assembly. This not only causes damage to
the cement sheath but also leads to bonding damage at the casing—cement interface. Such degradation tends to cause cross—flow of well—
bore fluids along channels in the casing—cement interface , ultimately severely shortening the lifespan of oil and gas wells. Given this, a

numerical model of high velocity jet penetration into the casing—cement—formation after perforating charge explosion is established us—
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ing the fluid solid coupling method. The dynamic damage evolution law of the casing—cement bonding interface in the process of penetration is an—

alyzed, and the effects of the cement sheath material parameter (shear modulus ) , cohesive unit parameter (fracture energy ) and casing types on

the damage area and maximum damage radius of the bonding interface are investigated. The results show that with the penetrating of jet, damage

appears at the casing—cement sheath bonding interface , and the damage zone continuously expands. When the jet penetrates into the formation,

the damage area reaches the maximum. With the increasing of shear modulus or fracture energy of cement sheath , the damage degree of the bond—

ing interface decreases. Increasing borehole cleaning or using fiber containing cement slurry can reduce the damage of jet penetration to the bond—

ing interface. When aluminum alloy , titanium alloy , nickel base alloy and other highly resistant casings are used , the damage area and maximum

damage radius of the casing—cement bonding interface increase significantly during perforation penetration. The findings of this research provide

theoretical support for wellbore integrity protection and engineering parameters optimization during perforating.
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Fig. 1 Model of perforating charge penetrating the welbore assembly
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Fig. 2 Bilinear constitutive model of traction—separation
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Tab. 1 Material parameters of cohesive elements
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Tab. 2 Parameters of material model and equation of state for the perforating charge

I " CURE KRR MM KEME MM
WOMERS RE by BEAL BB WER msm TOME
() grem mes GPa GPa GPa R, R, R
1.89 9110 42 748.6 13.38 4.5 1.2 0.38
B ANEERR e WREE REREL o WMER R .
STt ot ey agmy UZEEE fpws qoms SO
2RI Hhot (kg-m™) a MPa MPa s su m n s
8 960 47.6 90 292 0.025 1.09 0.31 1360

JK PR ER L JZ 1 2R FTAA R A # A8 (HIC) o %
BB RE 6% A7 OB AU A0 A BHE Sh S B R T Y
J3 e SRR AR ol 3 ] T RO b iy AR AR
Uiig T8N A MR RAZIE | o 0 A8 AR AR 3o R 1T
PER AR . HIH— RSO T

Ag,+Aun,

O"th, AL(l_zDI(P“ﬁ—T*)D)-'-BLP*Ai'[l-FCL ln(e‘)]
(3)

Krp o MEERNY TT, TC A 5 )R W R AS PR BT
FE ,MPa; P* = PIf R JIME, T ;6" = élé, R N A%
ROTEN A, B, CoAK IR IR T2 (R R S50, 6
AR 5 Ae Rl Aw, 50 ) Shy S5 R0 08 P 7 74 A 9 P R R
A5 TCi A D, DA RGO R, TR T = TUf
Syt KALARER KT Ty, Joi 4 5 N S ik H8 %, 6
AN, KU ZE 5 AR AR Y RCIR S T R AR
K EARSEL RS,

R3 KRR ERFAMBERRREFESH

Tab. 3 Parameters of constitutive material model and equation of state for the cement sheath and formation
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Fig. 3 Metal jet velocity vs. effective stress history at the bonding interface
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Fig. 4 Dynamic evolution law of damage area at the bonding interface
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Fig. 5 Damage contour map at the bonding interface with different shear modulus
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Fig. 6 Damage area and maximum damage radius at the bonding

interface with different shear modulus
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Fig. 7 Damage evolution law at the bonding interface with different fracture energy
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at the bonding interface with different fracture energy
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