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o Specification of the Project 
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o Welder Qualification
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• Phase II: Site Execution
o Safety Precautions
o Welding/Fitting

• Financial Overview
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INTRODUCTION
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Overall Project Scope

• Full Encirclement Reinforcing Sleeve
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Failure Mode

• Mid-Wall Laminations 
• Cracks Extending to ID of Pipe
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Failure Mode
• Use the Structural information with the slides 
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Specification of the Project 

• Original Code of Construction – ASME B31.3 – Process 
Piping

• Repair Design per ASME PCC-2 - Repair of Pressure 
Equipment and Piping

• Owner Technical Standard for In-service Welding and 
Hot Tapping - based on API Standards  

• Repair Executed per NBIC Part 3
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Areas of Concern 

• Burn Through
– Service run wall thickness
– Pipe contents contain some H2S
– Low Flow Rate in pipe will permit local hot spot

• Hydrogen Induced Cracking
– Pipe contents are hydrocarbon gases
– High Flow rate in pipe will quench the weld
– One existing component (weld neck flange) was determined to 

have a Carbon Equivalent of 0.50

• In-service Welding
– H2S in the area
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Process Selection

• FCAW 
– Compared to SMAW low hydrogen content in weld metal
– Reduced susceptibility to hydrogen induced cracking

• Machine Welding for Critical Welds
– Better control of weld puddle
– Reduced heat input
– Reduced chance of Burn Through
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PHASE I: PREP WORK/QUALIFICATION
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Process and Performance Qualification
Per ASME PCC-2 
• Weld Procedure and Performance Qualifications are done on a water or gas backed 

mock-up
• Flow Rate is in range established in Customer Technical Standard

Heat Sink Capacity Test
• Per CSA Z662 – Oil and Gas Pipeline Systems
• Heat sink capacity / cooling rate measured on mock-up
• In-service measurements are taken before repair to confirm in-service cooling rate is 

lower than mock-up cooling rate

Mock up Details
• Flow medium – water
• Pipe 12.74” OD, 3/8” Wall Thickness

Weld Types
• In-service fillet weld
• Attachment / Groove weld
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Mockup
• Details

– Flow medium – water
– Pipe 12.74” OD, 3/8” Wall Thickness
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Fillet Weld Qualification

• Welding Process – Machine FCAW
• Preheat – 100 °C
• Testing Required for Process Qualification and Customer 

Technical Specification
– Bend Test
– Nick Break
– Hardness
– Metallography
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Groove Weld Qualification
• Welding Process 

– Machine FCAW buttering layer
– GTAW Root
– Manual FCAW fill passes

• Preheat – 100 °C
• Testing Required for Process Qualification per Code and 

Customer Technical Specification
– Bend Test
– Nick Break
– Hardness
– Metallography
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Welder Qualification

• Same as above
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PHASE II: SITE EXECUTION
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Operations to Address Areas of Concern
• Hydrogen Bake-Out

– Used to remove atomic Hydrogen from service –run pipe

• UT Measurement of Existing Wall Thickness
– Testing and Calculations based on actual wall thickness, not nominal
– Check for Local thin spots

• Calculation of Maximum Pipe Pressure allowed during repair welding
– Establish maximum pressure allowed during repair weld
– Monitor pressure during welding to ensure limit is not exceeded

• Burn Through Test
– Performed on mockup to establish conditions and parameters where burn through may occur
– During repair weld parameter range was restricted to avoid potential burn through

• Monitor Flow Rate During Welding
– Low flow increases risk of burn through
– High flow increases risk of cracking
– Safe Flow Range Established in Customer Technical Standard

• Heat Sink Capacity Test
– In-service measurements are taken before repair to confirm in-service cooling rate is lower than mock-up 

cooling rate
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Safety Precautions

• H2S Buddy Watch – since H2S is present in the 
area and inside the pipe

• Spark Watch – to avoid fires caused by hot 
work

• Confined Space Attendant – hoarding around 
work area was deemed a confined space

• SABA Supplied Air System – bottle watch 
attendant - for pressure boundary welds in 
case of burn through
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Welding/Fitting
• LEICA Laser Scan of Pipe Surfaces to Produce 

Point Cloud
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PHASE II: SITE EXECUTION 30” LINE
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Cladding on Weld Neck Flange
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Welding of Cladding
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Welding of Cladding
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Fit up of Ring
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Welding of Ring
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Fit up Between Sleeve and Ring
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Welding of  Sleeve to Ring
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Clamshell Sleeves
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Longitudinal Weld
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PHASE II: SITE EXECUTION 48” LINE
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48”Lower Sleeve Fit Up



OEM Technical Services

48” Upper  Sleeve Fit Up
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Re Pad Fit Up



OEM Technical Services

48” Sleeve & Re Pad Welding
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FINANCIAL OVERVIEW
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DCM REFORMER

• Financial Performance

PROJECTS REVENUE COST PROFIT

SUNCOR FLARE STACK $ 1,534,353 $ 1,245,977 $ 288,376

• Margin

18.79%
• Cost Per Pound

Description Revenue Actual 
Cost

Base 
Material  

Filler 
Material 

No. of 
Welds

Estimated 
Filler Weight  

(lbs) 

Revenue
Per Pound

Cost 
Per Pound

In-Service Repair of 
a  Flare Stack $ 1,534,353 $ 

1,245,977 SA-516 E71T-9M 29 450 $ 3,410 $ 2,769
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DCM REFORMER

• Cost Breakdown

REVENUE COST

$ 1,534,353  $ 1,245,977

Cost Breakdown: 

• Labor:  $ 745,934

• Subcontract: $ 178,443

• Expenses: $ 73,824

• Rental: $ 104,273

• Materials: $ 143,505
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