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ASME Section III, Rules for Construction of Nuclear 
Facility Components - Division 5, High Temperature 
Reactors
• ASME Section III Division 5 Scope

− Division 5 rules govern the construction of vessels, 
piping, pumps, valves, supports, core support structures 
and nonmetallic core components for use in high 
temperature reactor systems and their supporting 
systems

• Construction, as used here, is an all-inclusive term that 
includes material, design, fabrication, installation, 
examination, testing, overpressure protection, inspection, 
stamping, and certification

• High temperature reactors include
− Gas-cooled reactors (HTGR, VHTR, GFR)

− Liquid metal reactors (SFR, LFR)

− Molten salt reactors, liquid fuel (MSR) or solid fuel (FHR)
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Division 5 - A Component Code

• Division 5 is organized by Code Classes:
− Class A, Class B, Class SM for metallic components

− Class SN for non-metallic components

• Division 5 recognizes the different levels of importance associated with the 
function of each component as related to the safe operation of the 
advanced reactor plant 

• The Code Classes allow a choice of rules that provide a reasonable 
assurance of structural integrity and quality commensurate with the 
relative importance assigned to the individual components of the advanced 
reactor plant
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Code Case 1331, design rules for 
nuclear components initiated.

Code Cases 1592, 1593, 1594, 1595 and 
1596, covering materials and design, 
fabrication and installation, examination, 
testing, and overpressure protection.

NRC endorsed Code Case series 
1592-1596 in RG 1.87 for HTGR, 
LMR, GFR.

Code Case series 1592-1596 converted 
to Code Case N-47.

Used by Clinch River Breeder Reactor 
project, with additional DOE 
requirements.

Continued improvements of N-47.

Subsumed N-47 into a new Section 
III, Division 1, Subsection NH.

Consolidated Subsection NH and other 
nuclear Code Cases, and added construction 
rules for graphite core components, into a 
new Section III, Division 5 construction 
rules for high temperature reactors.

1963
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1970s

1975

Late 
1970s

…

1995

2011

Division 5 Construction Rules for High Temperature 

Metallic Components – A Long History of Development
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Division 5 High Temperature Materials – Environmental Effects

• Effects of coolant and irradiation on structural failure modes are different from one reactor 
design to another even for the same structural material

• Division 5 cannot cover these effects for all reactor types, and for all different design 
characteristics for the same reactor type, viz. molten salt reactor

• Approach is for Owner/Operator to have the responsibility to demonstrate to regional 
jurisdiction authority that these effects on structural failure modes are accounted for in their 
specific reactor design

− Irradiation dose, dose rate, embrittlement, corrosion due to coolant, coolant chemistry and chemistry control, 
mass transfer leading to strength reduction or loss of ductility, etc.

• Essentially, these materials degradation effects are outside the scope of Section III, 
Division 5, and have to be addressed by Owner/Operator for their specific reactor design

− Generate data for specific coolant and irradiation environment in test reactors, demonstration 
reactors, etc.

− Conduct surrogate materials surveillance
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Division 5 Class A Material Code Cases

New Material Code Cases

• Lessons-learned from Alloy 617 Code Case 
effort have streamlined the balloting 
workflow for Class A material code cases

• After requester submitted material design 
parameters and supporting data package to 
ASME, Division 5 could turn around a 
material code case in about three Code 
Week cycles (less than a year)

• Data requirements for new materials are 
described in Division 5, “Nonmandatory 
Appendix HBB-Y, Guidelines For Design 
Data Needs For New Materials”

Current Class A Materials

• Type 304 and 316 stainless steels

• Alloy 800H

• Grade 91 (9Cr-1Mo-V)

• 2¼Cr-1Mo (solution annealed)

• Alloy 617

• SA 508 Grade 3 and SA 533B 
reactor pressure vessel steels (for 
short term, elevated temperature 
excursions)
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“Staged” Approach for Material Code Cases to Support 
Advanced Reactor Projects – Alloy 709 Case Study
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A three/four-year testing program, without resource 

constraints, would have sufficient time to generate data 

package to support:

• Conceptual design (first 2 years)

− Conceptual Design Guide for 500,000-hour lifetime

• Preliminary design

− 100,000-hour Class A code case (3 to 4 years)

− Class B material code case (first 2 to 3 years)

Additional creep data only at 7-year mark from start:

• Final design

− 300,000-hour Class A code case

Additional creep data only at 12-year mark from start:

• Nth-of-a-kind

− 500,000-hour Class A code case



Advanced Manufacturing: Division 5 Code Case for Powder 
Metallurgy Hot Isostatic Pressing (PM-HIP) 316H Stainless 
Steel

• PM-HIP is a mature advanced manufacturing method that is 
used by many non-nuclear industries to fabricate structural 
components

• PM-HIP attributes are also attractive for fabricating reactor 
components

− Particularly timely for microreactors

• Has planned Division 5, 316H PM-HIP elevated 
temperature code case by 2025 to support Section III 
Strategic Priorities

• R&D and testing are currently being conducted through 
INL, EPRI and UK Nuclear AMRC collaborative effort

LWR reactor head – Courtesy EPRI

316L PM-HIP component for ASME 
Section III Code Case N-834

Kyffin, W., Gandy, D., Burdett, B. (2020)
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Revamp Division 5 Class B Design Rules – Code Case by 2025 
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Plan to have 15 to 20 high 

temperature materials for the newly 

revamped Class B design rules 



Concluding Remarks

• Section III stands ready to support advanced reactor developers to incorporate 
Division 5 Class A and Class B high temperature material code cases
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Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy. 

INL is the nation’s center for nuclear energy research and development, and also performs research 

in each of DOE’s strategic goal areas: energy, national security, science and the environment.
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