


























INTRODUCTION

Spectrum Inspection Engineering was requested to perform High Temperature Hydrogen
Attack AUBT and Phased Array cracking inspection on Exchanger E-6600E before
sending to lab destructive test.

Hydrogen Attack is produced in steels from the seepage of hydrogen that reacts with
carbides to form methane gas (CH4). This gas decarburizes the steel and produces micro-
fissures. It can decrease the strength and fracture toughness of steel without necessarily
loss of thickness.

SCOPE OF WORK
Phased Array and Hydrogen Attack AUBT inspection on exchanger E-6600E
fracture surface weld, HAZ and Base Metal.

Inspection Area covers: Circumferential weld C-3, C-4 and Longitudinal
weld L-3 on both Phased Array and Hydrogen Attack AUBT inspection.

INSPECTION TECHNIQUES

Phased Array: Weld defect and cracking inspection

Advanced Ultrasonic Backscatter Technique (AUBT): Backscattering, Frequency
Spectrum Analysis and Velocity Ratio

Backscattering technique is for initial scanning (detection). Frequency Spectrum Analysis
and Velocity Ratio are defect confirmation.

LIMITATION OF AUBT:

AUBT can detect and differentiate the different between small hydrogen attack fissures
and large macro-cracking or welding defect, however AUBT cannot identify if final stage
large macro-cracking is initiated from hydrogen attack fissures.

PROCEDURE
Spectrum Inspection Engineering Hydrogen Attack AUBT Inspection Procedure.
Spectrum Inspection Engineering Phased Array Inspection

TRANSDUCERS
• 10 MHz / .5" L-wave straight beam
• 5 MHz / .5" L-wave straight beam
• 5 MHz / .5" 0 degree S-wave straight beam
• 10 MHz 45 degree angle beam transducers
• 5 MHz Phased Array 32 element transducer



Exchanger Drawing:
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Inspection Area covers: Circumferential weld C-3, C-4 and Longitudinal
weld L-3
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Longitudinal Weld: L-l, L-2, L-3 and L-4

Circumferential Weld: C-l, C-2, C-3, C-4 and C-5



SUMMARY OF RESULT

1. Phased Array found cracks in both side of weld in Long Seam L-3 (cracks at fracture
surface and the other side of weld fusion line). Letter Stamp TO marked on vessel
external surface. This area is sted to have lab microstructure exam.
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2. Phased Array found ID cracking in Circumferential weld C-3 away from fracture
surface (crack is 0.l3" deep from ID surface). Letter Stamp TI Marked on vessel external
surface. This area is to have lab microstructure exam.
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3. Phased Array found crack in T joint of C3 and L2. Letter stamp T2 marked on vessel
external surface. It is suggested to have lab microstructure exam at this location.
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3. Transverse crack found on top of long seam weld LS-3. Letter stamp T3 marked on
vessel external surface. This area is suggested to have lab microstructure exam.

Fracture surfacefo~~ow
witb weldfusion~iDe



4. No HTHA fissures found in Shell base metal.
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5. Velocity Ratio (Longitudinal wave Vs Shear wave) found 0.549 that indicates less
chance of Hydrogen Attack in base metal.



6. High frequency shear wave AUBT found multiple large crack indications in the
fracture surface weld/HAZ. These large cracks are not hydrogen attack fissures. However,
due to the size of the cracks they may mask small hydrogen attack fissures near the HAZ.
Letter Stamp T4 is suggested to have lab microstructure examination.
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Phased Array Data:

C4 through wall crack at Fracture SUlface without weld
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C4 through wall crack with weld (Phased Array scan at the other side of Fracture surface)
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C3 weld area without crack indication.
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AUBT High Frequency Shear Wave data:
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