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ABSTRACT: To achieve the safe material selection of tubing and casing in the downhole environment with low H,S content in
the middle and deep layers of the Bohai Oilfield, this paper simulates the corrosion environment of gas wells through the auto-
clave, analyzes the corrosion rate and stress corrosion cracking behavior of alternative casing and tubing steels with different
materials under simulated working conditions for different well depths, discusses and tests the corrosion morphology and chemi-
cal composition of corrosion products by SEM, EDS and XRD, as well as proposes the selection scheme of casing and tubing in
this gas field with consideration of uniform corrosion and cracking. There was no stress corrosion cracking of carbon steel under

gas field conditions, but the corrosion rate was 0.242 mm/a to 0.6003 mm/a. No stress corrosion cracking occurred in S13Cr un-
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S13Cr under gas field conditions. The maximum corrosion rate of wells at middle layer is 0.0399 mm/a and that of wells at

deep layer is 0.1633 mm/a. 2507 super duplex stainless steel and 2535 nickel-based alloy have low susceptibility to stress

corrosion cracking in simulated environments, and the corrosion rates were 0.0122 mm/a and 0.0083 mm/a, respectively.

According to experimental research results, S13Cr is suggested to be used in whole wells at middle layer with temperature

lower than 180 “C, and 2507 super duplex stainless steel and 2535 nickel-based alloy are suitable for wells at deep layer with

temperature higher than 180 ‘C. In order to save the investment of wells at deep layer, the anti-corrosion scheme of com-

bined string can be considered.
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Tab.1 Corrosion loss test conditions
Position Temperature/C CO, partial pressure/MPa H,S partial pressure/kPa Time/d Solution
Wellhead 107 2.82 0.82 14
Middle section 145 433 1.26 14 Simulated
) formation
Middle bottom hole 180 5.81 1.69 14 water
Deep well bottom 204 6.65 1.93 14
x2 MABMHIREFMH
Tab.2 Stress corrosion test conditions
Temperature/C €O, partial HoS partial Loading/MPa  Solution Material Loading mode  Time/d
pressure/MPa  pressure/kPa
24 3.36 1.00 80%AYS Simulated P110SS Four hoints 30
107 2.82 0.82 80%AYS formation S13Cr b g 30
water 2507 ending
180 5.81 1.69 80%AYS 30
24 0 1.00 80%AYS  NACEC 511095 S13Cr  Uniaxial tension 30
solution
60 0 1.00 80%AYS 1 g/L NaCl P110SS. S13Cr Uniaxial tension 30
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Fig.1 Surface morphology of four-point bending specimen after removing corrosion products
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Fig.2 Surface morphology of uniaxial tensile specimen after removing corrosion products at 24 'C
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Fig.3 Surface morphology of uniaxial tensile specimen after removing corrosion products at 60 C
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Fig.6 SEM micrograph of sample after corrosion at the bottom of deep well
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Tab.3 Corrosion rate results of different materials mm/a
Position Temperature/C P110SS S13Cr 2507 2535
Wellhead 107 0.6003 0.0090 0.0007 0.0002
Middle section 145 0.6329 0.0607 0.0035 0.0013
Middle bottom hole 180 0.2420 0.0399 0.0086 0.0017
Deep well bottom 204 0.1761 0.1633 0.0122 0.0083
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Fig.8 Corrosion rate model regression curve of four materials at different temperatures
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