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Abstract: By analysing the working conditions of horizontal well casings and combining experiments and numerical
simulations, such as macroscopic observation, physical and chemical property test, microstructure analysis, SEM and energy
spectrum analysis, the causes of casing cracking failure in horizontal wells were systematically analysed. The results show
that the properties of the casing material meet the requirements of the standard. However, a lot of corrosion pits are found
on the inner wall of the casing, and pitting corrosion occurs in the casing during acid fracturing. The fracture analysis
shows that the crack originates from the bottom of the corrosion pit, and there are nonmetallic inclusions in the casing.
Through the numerical simulation, the pressure bearing capacity of the casing under complete and defective conditions is
analysed, which is greatly reduced under corrosion and defects. When the defect depth is 0.5 mm and the internal pressure
is 47 MPa, the casing cracks fail along the original defect direction during 52 MPa fracturing, which is consistent with the
failure during fracturing operation. Based on the results of the study, some suggestions are put forwards to avoid such
failure accidents.
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Fig.3 Schematic diagram of the measurement locations for section diameter
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Tab.2 Chemical compositions of the casing
C Si Mn P S Cr Mo Ni Nb \Y% Ti
0.27 0.27 1.47 0.007 7 0.005 6 0.35 0.001 1 0.011 0.001 7 0.004 3 0.002 6
/ / / <0.030 <0.030 / / / / / /
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Fig.4 Magnetic particle inspection 5
Fig.5 Microstructure observed by optical microscopy
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Fig.6 Morphology of corrosion pits on the inner surface of the failure casing: (a) macroscopic morphology, (b) local morphology
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Fig.7 Macro morphology of the fracture surface Fig.8 Metallographic microstructure near the fracture
9
Fig.9 The corrosion products in corrosion pits by energy spectrum analysis
10
Fig.10 The corrosion products around the crack tip by energy spectrum analysis
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Tab.5 The results of corrosion products in the corrosion pit by energy spectrum analysis
C (¢} Al Si S Cl K Ca Cr Mn Fe Total
16.21 24.26 0.50 1.41 0.39 0.09 1.73 0.34 0.47 1.30 53.30 100.00
s R ,B
03 , ,
, , 04 B
KClI, o
, 2.6
. 300m )
AL.O , 10 6, : I(
Al , ) 2 ) 3(
Al )o
, B ( ) 73.4 MPa, 1 52.5.73.5 95 MPa
-B , s Mises o 11 ,
6 w/ %
Tab.6 The results of corrosion products around the crack tip by energy spectrum analysis
C (¢} Al Na Si S K Ca Mn Fe Total
21.42 36.12 0.84 0.67 2.10 0.63 0.80 0.85 0.51 36.07 100.00
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Fig.11 Mises stress fields of model 1 under different inner loads: (a) 52.5 MPa, (b) 73.5 MPa, (c) 95 MPa
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Fig.12 Mises stress fields of model 2 under different inner loads: (a) 52.5 MPa, (b) 64 MPa
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Fig.13 Mises stress fields of model 3 under different inner loads: (a) 45 MPa, (b) 47 MPa



(

201/2023 ,

47 MPa,

[4]

95 MPa
52.5 MPa ,

, 100% ,

[J]. ,2020, 49(1): 47-51.
LU X Q, LV Q G, ZHANG Y, et al. Investigation of reasons for
in-well leakage of secondary-drilling casing as used in a certain
extra-deep complicated well[J]. Steel Pipe, 2020, 49(1): 47-51.

[J]. ,2020, 48(12): 123-129.

ZHANG H, YUAN G J, LI G T, et al. Numerical simulation of
leakage flow field for tubing and casing in gas wells[J]. China
Petroleum Machinery, 2020, 48(12): 123-129.

, . , 304 [].

,2021, 54(8): 183-186.
HOU S S, ZENG X S, FU C X, et al. Analysis on leakage failure of
304 stainless steel pipe[J]. Materials Protection, 2021, 54(8): 183-
186.
, .HXA7-7
. - ,2018, 54(3): 195-197.
TENG X Q, YANG X T, LV S L, et al. Cause analysis of casing
leakage in HXA7-7 directional well [J]. Physical Testing and
Chemical Analysis (Part A: Physical Testing), 2018, 54(3): 195-197.

[J]. ,2014, 42(8): 84-93.
YU H, LIAN Z H, LIN T J. Finite element analysis of failure
mechanism of casing during shale gas fracturing[J]. China Petroleum
Machinery, 2014, 42(8): 84-93.
[J]. ,2020, 40(2): 106-114.
FENG Y R, FU A Q, WANG J D, et al. Failure control and integri-
ty technologies tubing/casing string under complicated working
conditions: Research progress and prospect[J]. Natural Gas Indus-
try, 2020, 40(2):106-114.
(O ,2005(6):

1-6.
LI H L. Development trend of O. C. T. G. and related topics of
general interest (Part  )[J]. Steel Pipe, 2005(6): 1-6.
.P110 [7].

5 >

(9]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

- ,2016, 52(5): 335-338.
ZHOU B, ZHU J L, LI N. Causes analysis on corrosion perforation
of a P110 oil tube[J]. Physical Testing and Chemical Analysis
(Part A: Physical Testing), 2016, 52(5): 335-338.
s , . $73.02 mmx5.51 mm P110
[J1. ,2016, 45(2): 59-62.
ZHAO Y H, TANG Y H, et al. Investigation of causes for corro-
sion of $73.02 mmx5.51 mm P110 tubing[J]. Steel Pipe, 2016, 45
(2): 59-62.
) s . [M].
,1999.
LIHL, LIP Q, FENG Y R. Failure analysis and prevention of oil
drill string[M]. Beijing: Petroleum Industry Press, 1999.
:API Spec 5CT[S]. Washington DC: API, 2018.
Specification for casing and tubing. API Spec SCT[S]. Washing-
ton DC: API, 2018.
) s . [J1.
,1999, 6(3): 52-53.
SHI Z Y, TIAN Z Y, CHEN L. Study and prevention of corrosion
of acidizing residual acid [J]. Fault-Block Oil & Gas Field, 1999, 6
(3): 52-53.
, s . N80S CO,. H.S
Cr 1 ,
2007, 19(3): 192-195.
ZHOU W J, YAN M L, WANG C D. Corrosion behavior of N80
tubing steel in medium containing carbon dioxide, hydrogen sul-
fide and high chlorine ions[J]. Corrosion Science and Protection
Technology, 2007, 19(3): 192-195.
, , . [J].
,2018, 36(4): 25-29.
WANG C F, LI W C, LI J K. Non-metallic inclusions in steel and
their effects on properties [J]. Physics Examination and Testing,
2018, 36(4): 25-29.
) , , C110
1. ,2019, 52(3): 138-141.
XUXX,ZHU Y Y, FU A Q, et al. Analysis on fracture failure of
C110 casing in acidy oil and gas field [J]. Materials Protection,
2019, 52(3): 138-141.
[11. - )
2018, 54(6): 457-462.
ZHANG H. Cause analysis on fracture of tubing joint in an oil well
[J]. Physical Testing and Chemical Analysis (Part A: Physical
Testing), 2018, 54(6): 457-462.
s s , .PILIO [J].
- ,2015, 51(4): 293-296.
WANG P, LIU W H, LU C H, et al. Failure analysis on cracking of
P110 grade tubing couplings [J]. Physical Testing and Chemical
Analysis (Part A: Physical Testing), 2015, 51(4): 293-296.



