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Abstract

Corrosion resistant alloys (CRAs) have been used in exploration and production fields with harsh
environments. In this study, a surface film on the Ni based alloy (UNS N08535) was analyzed and
compared with that formed after laboratory corrosion testing. The surface film structure after
exposure in the actual well was composed of sulfides and oxides and this thin layer structure is
consistent with laboratory results using small-scale specimens during a short exposure time. These
results demonstrate the effectiveness of the proposed corrosion resistant mechanism against

corrosive environments.
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Material selection chart for oil and gas development
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An actual environmental well condition in the Middle East
Bottom hole pressure 31 MPa
Bottom hole temperature 104°C (220°F)
H,S 1 mol% in gas (0.31 MPa)
CO, 3 mol% in gas (0.69 MPa)
Water Only condensed water
Elemental sulfur None
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Appearances of the pipes; (a) outer surface of unused pipe, (b) outer surface of field-experienced pipe, (c) inner surface of un-

used pipe, and (d) inner surface of field-experienced pipe
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Microstructure of pipes; (a) the unused pipe and (b) the
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Yield stress of the pipes at room and elevated temperatures; (a) the unused pipe and (b) the field-experienced pipe
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SSRT results of the unused pipe under sour condition

. TTF RA TTF .
Item |Environment . |RAratio| Remark
(hours) | (%) ratio
Al Inert 796 | 77.55 - - -
Hostile 8.09 | 72.86 1.02 0.94 |No SCC
A2 Inert 7.53 71.91 - - -
Hostile 7.64 71.63 1.01 1.00 |No SCC
A3 Inert 7.88 77.55 - - -
Hostile 8.02 70.51 1.02 091 |No SCC
o . . Min. Min.
Criteria - Min. 6 |Min. 25 0.80 0.80 No SCC

#*3 EREFEREEDOERIIRET TO SSRT &R
SSRT results of the field-experienced pipe under sour condition

. TTF RA TTF .
Item |Environment . RA ratio| Remark
(hours) | (%) ratio
B-1 Inert 8.46 77.80 - - -
Hostile 8.62 72.73 1.02 0.93 |NoSCC
B2 Inert 9.56 81.21 - - -
i Hostile 955 | 7591 | 100 | 093 |NoSCC
B3 Inert 9.76 79.36 - - -
Hostile 9.60 71.35 0.98 0.90 |No SCC
. . . Min. Min.
Criteria - Min. 6 |Min. 25 No SCC
0.80 0.80
@ Inner surface

(b) Inner surface e
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Appearance of inner surface, SEM images of the correspoding site, and analysis point of AES; (a) unused pipe and (b) field-

experienced pipe
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Transmission electron microscope image at the inner sur-
face of field-experienced pipe
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