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Objectives
1) Provide an update on the development of the codes and standards for fusion power plants

2) Outline a proposal for the materials qualification route for Division 4 which outlines the testing requirements, standards, assessment methodologies, 

environmental effects such as corrosion and irradiation, and 

3) Update the fusion community on the work undertaken by Oxford Sigma in developing C&S. 
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Applying Existing Codes and Standards
What can be applied to ensure the quality and operational performance?
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Existing Code Base for Fusion Power Plant (FPP)
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Fusion Power Plants (FPP) C&S for Mechanical Components

French AFCEN 

RCC-MRx 2022

ASME BPV VIII 

Div 2, B31.3
EN 13445

AFCEN expanded 

RCC-MR (2007) to 

RCC-MRx (2022):

- Vacuum vessel 

- Ports

- Port plugs

- Penetrations

- Materials:

• EUROFER 

(2012).

• CuCrZr, (2022).

• F82H (TBC).

RCC used in ITER 

selected to meet 

French regulatory 

requirements

- Cryostat

- Cooling water 

system

- Tritium plant

- Neutral beams

- Hot cells

- Radwaste storage

- Cryoplant (parts)

- Ex-vessel parts:

• Diagnostics

• Heating systems

• Fuel systems

• etc

- Cryoplant

- Cryopumps

- Liquid and gas 

distribution

- Manufacturing 

rules for IVC

Magnetic 

Structural Design 

Criteria

Structural Design 

Criteria – In-

vessel 

Components

Technical 

Specifications 

and Design by 

Experiments

- Structural 

components and 

welds

- Magnet windings

- Bolts, keys, 

supports

- Cryogenic piping

- Blanket

- Divertor

- In-vessel parts:

• Diagnostics

• Heating systems

• Fuel systems

• Neutron beams

• etc

- Non-metallic 

windows 

diagnostics and 

heating

- Non-metallic 

insulating 

bushings

- ELMs and VS 

Coils

- Armour joints

RCC-MRx ‘future’

ASME BPV 

Section III 

Division 4

EU-DEMO 

Design Criteria

- Qualification of 

F82H

- Qualification of 

RAFM 

(EUROFER / 

F82H) weldments

- Aim for power 

plants (high level 

of degradation)

- ITER / EU-DEMO 

focused

- Dedicated volume 

to fusion power 

plants

- 2023 first edition

- Design 

recommendations 

on vacuum vessel 

today

- No fusion 

materials qualified 

for use as a 

pressure vessel

- Aim for power 

plants (high level 

of degradation)

- Inelastic Analysis 

Procedure

- Failure of brittle 

components (i.e. 

Tungsten)

- …

ITER Specific (under 

development)

Industrial Specific 

(today)

Fusion Power Plant 

/ DEMO Specific 

(under 

development)

Gap in ASME/RCC/EN codes mandated the generation of new rules. 

Experiments are needed to substantiate components

Gap in codes (RCC-MRx ‘future’, and ASME Div 4) drove the 

development of DEMO Design Criteria. These will likely be included 

in future C&S once substantiated
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ASME BPV Organisation

Section I Power Boilers

Section II Materials

Section III Rules for Construction of Nuclear Facility Components

Section IV Heating Boilers

Section V Non-destructive Examination

Section VI Recommended Rules for the Care and Operation of Heating Boilers

Section VII Recommended Guidelines for the Care of Power Boilers

Section VIII Pressure Vessels

Section IX Welding and Brazing Qualifications

Section X Fiber-Reinforced Plastic Pressure Vessels

Section XI Rules for Inservice Inspection of Nuclear Power Plant Components

Section XII Rules for the Construction and Continued Service of Transport Tanks

Section XIII Over Pressure Protection
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Division 1
Metallic vessels, heat exchangers, storage tanks, piping systems, pumps, valves, core support structures, 

supports, and similar items.

Division 2 Code for Concrete Containments

Division 3
Containment Systems for Transportation and Storage of Spent Nuclear Fuel and High-Level Radioactive 

Material

Division 4 Fusion Energy Devices

Division 5 High Temperature Reactors​

Appendices Section III Appendices​

Section III 

Code Cases
Collection of Code Cases
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Example General Layout of a Section III Division

8

Division

1000 Introduction

Classification of 
Components

Responsibilities / 
Duties

References

2000 Materials

Permitted Materials

Allowable Stresses

Welding Materials

Restrictions

Quality System

3000 Design

Design by Rules

Design by Analysis

4000 Fabrication 
and Installation

Forming / Fitting

Repair

Tolerances

Alignments

Welds

5000 Examination

Methods

Geometries

Preservice

Qualification of 
personnel

6000 Testing

Pressure testing

Witnessing

Time 

7000 Overpressure 
Protection

Installation

Reporting

8000 Nameplates, 
Stamping with 

Certification Mark 
and Reports

Appendices
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ASME BPV Section III Division 4 Phase 1

Phase I [2018 – 2024]

First edition Published 

July 2023

 

Mission accomplished
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ASME BPV Section III Division 4 Phase 2

Phase 2 [2024 – 2029]

2027 edition

2029 edition

Outcome is a 
usable Code

Identified gaps and future work packages 

(vacuum vessel design, materials, failure 

modes, allowable stresses, joining, etc)

Published: STPNU0671-Roadmap for the Development of ASME 

Code Rules for Fusion Energy Devices | 2024 | PDF | ASME
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Update ASME BPVC Sec. III, Div. 4

Update 1: Division 4 WG General Requirements

• Ballot 24-2913 for major change in Division 4 structure to be a 

deterministic component code for fusion energy devices

Update 2: Collaboration with JSME in discussion

- Large input on superconducting structure component code based on 

ITER experience

Update 3: Drafting underway in WG GR on populating subsection FA

Update 4: WG Materials sat for the first time in May Code Week

• US DOE funded ($20m) IMPACT FIRE award UT-Knoxville and ORNL to 

code qualify RAFM steel for BPV Section III Division 4 – started March 

2025 for 4 years
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https://news.utk.edu/2025/01/16/ut-secures-20-million-doe-grant-to-develop-critical-nuclear-fusion-materials/


JSME proposal on superconducting structures in fusion energy

Provided by JSME and presented at SG FED May Code Week 2025
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ASME BPVC Section III Division 4 Rewrite 

• Integrate JSME rules into Division 4, Subsection FM.

• Reconcile JSME text into FM 1000–9000 articles.

• Ensure technology-agnostic mandatory rules, with optional 
tokamak-specific guidance.

Magnetic Components 

• JSME input will inform non-mandatory appendix for tokamak 
design.

• Harmonisation with JSME’s Tokamak Code work anticipated.

Tokamak Design Principles

• Dedicated technical meetings between ASME, JSME, and ITER.

• Recognition of JSME contributions in Division 4 draft.

• Alignment with AFCEN RCC-MRx for global interoperability.

Collaboration Activities

• Accelerates development of internationally harmonised fusion 
standards.

• Positions ASME–JSME partnership as a global leader in fusion 
safety and design.

Impact

2025-11-19 13

Project Overview & Contributions

▪ Goal: Finalise rewrite of Division 4 and deliver a 

complete draft for review and balloting.

▪ Drivers: 

▪ Strategic Initiative SI-2027-07 (ASME)

▪ Fusion Roadmap ST LLC Report STP-NU-067-1

▪ Global urgency for harmonised standards.

▪ JSME brings decades of expertise in superconducting 

magnet design for fusion.

▪ Their existing rules form the backbone for Division 4’s 

magnetic component standards.



Fusion Materials Qualification of 
Pressure Systems
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What structural materials are you interested in using under pressure systems / structural integrity that is not in Section II?
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Vision of Division 4 Materials

ASME BPV Section III Division 5 2021 Class A

Base Material Spec No Product Form Types / 

Grades

Austenitic 

stainless steel

TBD Same as Div 

1/Div 5

316LN-(IG)

Reduced-

activation steel

TBD Plate, pipe? EUROFER97, 

F82H-IEA

Vanadium 

alloys

TBD TBD V-4Cr-4Ti, 

V15Cr-4Ti ?

Copper alloys TBD TBD CuCrZr?

Ceramics TBD TBD SiCf/SiC?

?

ASME BPV Section III Division 4 (future vision)

Division 4 Fusion 

Stakeholders are supporting 

the collection of interest

A recognised standard 

is required

Infers that the material has a 

maturity of MTRL 3.5-4

+ Alloy 617 (2021) 

+ Alloy 709 (~2027)
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Mandatory Requirements and Non-Mandatory

Mandatory

All materials must comply to ASME BPV Section II Part D Mandatory 

Appendices 1 – 10

- Appendix 5 – Guidelines on the Approval of New Materials

Materials specification and form must be in a recognised standard

Weldments must be considered

Allowable stresses will be generated and ASME BPV Section II Part D 

Mandatory Appendix 1 will apply

Requested party who wants a new material qualified must understand the 

environment

- Only qualify up to your intended environment

- For example: blanket life is 4 fpy and a failure mode could be creep-

related, then only qualify the material up to 4 fpy (35,064 hours).

- Quashes the “myth” that materials qualification takes decades – this 

based on a user need in Generation IV reactors to have RPVs operating 

for 40 years or more. 

Radiation damage and environmental data not required for ASME BPV 

qualification. The onus will be on the owner to ensure detrimental effects 

from the environment are considered → design dependent

If the material undergoes time-dependent properties (creep), a minimum 

creep data of 30,000 hours is required (3.4 years).

Non-Mandatory (optional / advice)

Division 4 Non-Mandatory Appendix B – guidance on materials qualification

- Expectation on data required

- Guidelines on surveillance programs

- Location of specimens within the neutron field

- Temperature

- Synergetic effects 

- Guidelines on fusion specific activation challenges (reduction of Co, Ni etc)

- Guidelines on staged approach to qualification

Non-Mandatory Appendix C – Environment effects

- Inherits Section III Appendix W 

- Erosion and Corrosion (inc Stress corrosion cracking, pitting, intergranular)

- Environmental effect on fatigue life  

- Embrittlement by radiation (IASCC)

- Thermal ageing embrittlement

- Irradiation embrittlement 

- Hydrogen damage embrittlement

- Creep

- Guidelines on helium embrittlement

- Guidelines on liquid metal embrittlement

- Guidelines on tritium embrittlement

- Guidelines on radiation embrittlement for fusion

- Guidelines on testing requirements

- Include future provisions for IAEA SSTT-II CRP

For 2000 Materials articles in Class A and B Metallic Pressure Boundary Materials 
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ASME Section II Part D Mandatory Appendix V

Section II Part D Mandatory Appendix V 

 Guidelines on the Approval of New Materials Under the 

ASME Boiler and Pressure Vessel Code 

Section II Contains Materials Data

ASME BPVC

RCC-MRx

IAEA Small Scale 

Testing Techniques

Section III Division 1 Section III Division 5 Section VIII Division 1 Section VIII Division 3

AFCEN RX.17.005 RevA  Guide for 

introducing a new material in the RCC-MRx 

Approved Standards

American Petroleum Institute (API)

American Welding Society (AWS)

Canadian Standards Association (CSA)

Japan Industrial Standards (JIS)

Standards Association of Australia (SAA)

China Standardization Committee (CSC)

By 2025

Section III Appendices – 

Mandatory Appendix IV

Nonmandatory 

Appendix HBB-Y 

Guidelines for Design 

Data Needs for New 

Materials

Section III Appendices – 

Mandatory XXV ASME-

Provided Material 

Stress-Strain Data

Approved Standards

International Organization for Standardization (ISO)

Radiation damage provisions

RB 2000 Materials

Contains Extra Material 

Data at High 

Temperatures for 

Reactors

AFCEN

Section III Division 4

Non-nuclear vessel

(up to 20.68  MPa)

Nuclear Vessel > 450C

(Ferritic steel)

Fusion ComponentsNuclear Vessel <450C

 (Ferritic steel)
Alternative methods

Section VIII Division 2

Non-nuclear vessel

(up to 20.68  MPa)

Extra Materials Data in 

Annex 3-A
Components without significant 

irradiation or creep can use EN 

13445 for qualify pressure 

boundary materials

American Society for Testing and Materials (ASTM)

European Committee for Standardization (CEN) 

Code Mandatory Materials GuideStandards Mandatory Inspired LinkedKey:

ASME B31.1 Power 

Piping

ASME B31 Pressure 

Piping

ASME B31.3 Process 

Piping



Oxford Sigma development activity in 
codes and standards
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ASME BPVC Section III, Div. 
4 Roadmap

Writing new sections of 
Section III, Div. 4 

Exploring code interactions – 
especially materials

Applying justification for client 
designs using the codes
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Supporting access, developing sections

Section II Part D Mandatory Appendix V 

 Guidelines on the Approval of New Materials Under the 

ASME Boiler and Pressure Vessel Code 

Section II Contains Materials Data

ASME BPVC

RCC-MRx

IAEA Small Scale 

Testing Techniques

Section III Division 1 Section III Division 5 Section VIII Division 1 Section VIII Division 3

AFCEN RX.17.005 RevA  Guide for 

introducing a new material in the RCC-MRx 

Approved Standards

American Petroleum Institute (API)

American Welding Society (AWS)

Canadian Standards Association (CSA)

Japan Industrial Standards (JIS)

Standards Association of Australia (SAA)

China Standardization Committee (CSC)

By 2025

Section III Appendices – 

Mandatory Appendix IV

Nonmandatory 

Appendix HBB-Y 

Guidelines for Design 

Data Needs for New 

Materials

Section III Appendices – 

Mandatory XXV ASME-

Provided Material 

Stress-Strain Data

Approved Standards

International Organization for Standardization (ISO)

Radiation damage provisions

RB 2000 Materials

Contains Extra Material 

Data at High 

Temperatures for 

Reactors

AFCEN

Section III Division 4

Non-nuclear vessel

(up to 20.68  MPa)

Nuclear Vessel > 450C

(Ferritic steel)

Fusion ComponentsNuclear Vessel <450C

 (Ferritic steel)
Alternative methods

Section VIII Division 2

Non-nuclear vessel

(up to 20.68  MPa)

Extra Materials Data in 

Annex 3-A
Components without significant 

irradiation or creep can use EN 

13445 for qualify pressure 

boundary materials

American Society for Testing and Materials (ASTM)

European Committee for Standardization (CEN) 

Code Mandatory Materials GuideStandards Mandatory Inspired LinkedKey:

ASME B31.1 Power 

Piping

ASME B31 Pressure 

Piping

ASME B31.3 Process 

Piping
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“Nuclear Grade” materials



Going forward

Division 4 serves the fusion 
community. 

The (draft) rules evolve over time To get involved, please join the 
ASME Code Weeks (free). 
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If you are interested and want to contribute to the code development, please contact the Chair: Thomas Davis 

thomas.davis@oxfordsigma.com 

2025-11-19

mailto:thomas.davis@oxfordsigma.com


Recent advancements in pressure codes & 
standards for fusion power plants
Dr Alasdair Morrison1, Dr Emily Lewis2, Dr Thomas Davis3

1 Oxford Sigma CTO
2 Oxford Sigma Nuclear Materials Engineer - Visiting Researcher, University of Birmingham, Department of Materials and Metallurgy 
3 Oxford Sigma CEO & Co-founder - Visiting Professor, Nuclear Futures Institute, Bangor University - Chair of ASME BPV Section III Division 4

Summertown Pavilion, 18-24 Middleway, Oxford, OX2 7LG,UK

R-18382025-11-19



Questions for the community

Q: US state laws mandate the use of ASME BPV for unfired pressure systems.

→ What technical gaps have you identified in BPV Sections (VIII / III) or subparts for fusion prototype 

plants?

Q: What quality standards are you requiring for fusion pressure components (such as tight tolerances, 

low failure tolerance, inspections etc)?

Q: Has your team applied ASME BPV Section VIII Div 1/2 QA programs for prototype vessels?

→ Did they meet your quality needs, or were there gaps?

Q: Are there structural or pressure system materials you plan to use that are not listed in ASME 

Section II?

Q: For materials listed in Section II, what failure modes have you identified that are not addressed in 

Section VIII?

Q: For all the above, how does the answers change when moving toward components exposed to high neutron 

irradiation over sustained periods of time (> months)?
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