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Outline

▪ What’s missing today from the Code?

▪ What are the gaps that need to be addressed?

▪ What alloys need to be qualified?

▪ Four manufacturing methods reviewed herein:

– Powder metallurgy-hot isostatic pressing

– Cold spray welding/cladding

– Laser powder bed fusion-additive manufacturing

– Electron beam welding

http://www.epri.com/
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Powder Metallurgy-Hot Isostatic Pressing (PM-HIP)

▪ What’s missing today from the Code?

– Permitted by several Code Cases (see 
next slide

▪ What alloys need to be qualified?

– Alloy 600M (N-580-2)

– Alloy 625

– Alloy 690

– Alloy 718

– Low Alloy Steel

https://www.materials.sandvik/en-us/products/hot-isostatic-pressed-
hip-products/production-process/

http://www.epri.com/
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ASME Code Cases

▪ ASME Code Cases 
– CC N-834 – 316L SS (nuclear)

– CC 2770 – Grade 91 (fossil)

– B31.1 CC Approved—Grade 91

– Section VIII CC – Div. 1 and 2 -- 29Cr-6.5Ni-
2Mo-N (S32906)—Duplex SS

▪ Incorporation ASTM A988, A989, and 
B834 into ASME Section II

▪ Section II—Appendix 5 

* This CC initiated by Sandvik

http://www.epri.com/
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Powder Metallurgy-Hot Isostatic Pressing (PM-HIP)

▪ What are the gaps that need to be addressed?
– Material standards: Additional ASTM specifications need to be developed for Ni-

base alloys and low alloy steel (A 508 equivalent)

– Code Cases: Needed for the additional alloys

– Environmental data: stress corrosion cracking needs to be developed for Ni-base 
alloys

– Low Alloy Steels: welding acceptability needs to be confirmed.

– Fracture toughness: Needed for low alloy steels

– Irradiation Data –Some data under development by EPRI/INL.

– Creep data– necessary for Division 5 applications

http://www.epri.com/
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Powder Metallurgy-Hot Isostatic Pressing (PM-HIP)

▪ Near term needs 
– Low Alloy steel (A 508 equivalency)

▪ Material specification

▪ Section III Code Case

– Nickel Base Alloys

▪ Alloy 600M, 625, 690, 718

▪ Code Cases

▪ Longer term
– Grade 91

– Type 316H

– Alloy 617

– Hardfacing alloys (composite PM-HIP)

http://www.epri.com/
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Cold Spray Additive Manufacturing

▪ Technique results in a mechanical bond

– Repair of existing material

– Surface cladding

Image courtesy of GE reports

http://www.epri.com/
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Cold Spray Additive Manufacturing

▪ What’s missing today from the Code?

– Process is not recognized by the Code

▪ What alloys need to be qualified?

– Austenitic stainless steel

– Alloy 625

– Alloy 690

– Alloy 718

– Low Alloy Steel

http://www.epri.com/
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Cold Spray Additive Manufacturing

▪ What are the gaps that need to be addressed?

– Material Standard necessary

– Material sampling plan for mechanical properties

– Process qualification requirements - not covered by Section IX

– RT is typically used for castings

– UT examination for bond

– Alternative methods may be necessary

http://www.epri.com/
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Laser Powder Bed Fusion-Additive Manufacturing

▪ What’s missing today from the Code?
– LPBF-AM is not currently addressed by ASME or NRC.
– ASME BPTCS/BNCS Special Committee on AM for Pressure Retaining Equipment is 

currently assembling a Guidelines for “Control of PBF processes to fabricate and test 
AM pressure-retaining components.” 

– Each ASME Book Section will then need to incorporate the guidance into the 
appropriate Book (I, III, VIII, etc.) for application

– DRAFT Code Case for 316L SS LPBF-AM submitted to BPV-III (by Westinghouse/EPRI) 

▪ What alloys need to be qualified?
– Stainless steels:  316L, 304L, 316H, 709, 17-4PH
– Nickel-based alloys:  617, 625, 690, 725, X-750, Alloy X
– Titanium-based alloys:  Ti6Al4V
– Zirconium-based alloys:  Zircaloys?

http://www.epri.com/
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Laser Powder Bed Fusion-Additive Manufacturing

▪ What are the gaps that need to be 
addressed?

Materials Properties Gaps

– Time dependent and independent 
materials properties

– Fatigue (smooth and as deposited) 
properties

– Fracture toughness properties

– Irradiation and thermal aging 
properties

– SCC properties

Processing Gaps

– Processing—Establish essential 
variables (next slide)

– HIP vs no-HIP application and 
properties

NDE Gaps

– Defect acceptance criteria 

– Detection limits

– Disposition

http://www.epri.com/
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Laser Powder Bed Fusion-Additive Manufacturing

Essential Variables may include:

▪ Laser power

▪ Exposure time

▪ Point distance

▪ Scanning speed

▪ Layer thickness

▪ Hatch spacing or hatch distance

▪ Stripe width

▪ Scan strategy

▪ Pulse characteristics

▪ Beam diameter

▪ Energy density

▪ Gas flow and gas composition

▪ Re-coater blade type

▪ Beam focus distance

Overview of LPBF-AM 
deposition on a substrate plate 

http://www.epri.com/
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Electron Beam Welding 
– List of Pertinent ASME Docs for EBW of Thick Section Components

Section III
▪ NB-4311 Types of Processes Permitted

– Any process used shall meet the records required by NB-4320

▪ NB-4320 Welding Qualifications, Records and Identifying Stamps

▪ NB-5277 Examination of EB Welds

Section IX
▪ QW-215 Electron Beam Welding and Laser Beam Welding

– WPS qualification test coupons shall be prepared w/ the joint geometry duplicating that to be used in 
production.

– If the production weld is to include a lap-over (completing the weld by rewelding over the starting area 
of the weld, as a girth weld), such lap-over shall be included in the WPS qualification test coupon.

– The mechanical testing requirements of QW-451 shall apply.

▪ QW-260 – Essential Variable Procedure Specifications (WPS) for Electron Beam Welding

▪ QW-451 – Procedure Qualification Thickness Limits and Test Specimens
– Groove-Weld Tension Tests and Transverse Bend Tests

110mm (thick)  EB Weld

http://www.epri.com/
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Electron Beam Welding

▪ What’s missing today from the Code?

– EBW is already permitted for nuclear pressure                                                    
retaining components under Section III,                                                                  
NB-4311 and Section IX QW-215.

▪ What alloys need to be qualified?

– No preheat on low alloy steel (SA 508 Class 1-2) – see next slide.

– No additional requirements for Stainless steels or Nickel-based alloys

Photograph provided courtesy:  

Nuclear AMRC (UK)

http://www.epri.com/
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Electron Beam Welding

▪ What are the gaps that need to be addressed?
– EBW is performed in a vacuum chamber, thus moisture/hydrogen is not present and 

not an issue.

– For Low Alloy Steels, welding without preheat will need to be qualified and codified.

– Irradiation Data – US & UK Naval programs have this information.  Some data under 
development by Purdue/EPRI/ATR.

– Long-term Thermal Embrittlement – Same, US & UK Naval programs

– Residual Stress Data – Collaborative project (EPRI, U. of Manchester, Nuclear AMRC 
developed data).  Also, TWI.

– Operator Qualification – Difficult to convert conventional welder to EBW operators.  
CNC machinists can often be converted to EBW operators.

http://www.epri.com/
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Summary – Major Gaps 

▪ Powder metallurgy-hot isostatic pressing
– Limited material acceptance (Nuclear)
– Material data
– Size limitations

▪ Cold spray welding/cladding
– Not accepted currently by ASME BPVC
– Additional alloys, Process qualification, NDE gaps

▪ Laser powder bed fusion-additive manufacturing
– Not accepted currently by ASME BPVC
– Additional alloys, processing gaps, NDE gaps

▪ Electron beam welding
– No preheat (in vacuum)
– Irradiation and long-term thermal embrittlement
– Welding residual stresses

http://www.epri.com/
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Together…Shaping the Future of Electricity

http://www.epri.com/

