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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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Applylng Existing Codes and Standards

What can be applied to ensure the quality and operational performance?

2025-11-19



Existing Code Base for Fusion Power Plant (FPP)
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Fusion Power Plants (FPP) C&S for Mechanical Components

Industrial Specific

ITER Specific (under

(today)

French AFCEN
RCC-MRx 2022

ASME BPV VIII
Div 2, B31.3

development)

Magnetic
Structural Design
Criteria

Structural Design

Criteria — In-
vessel
Components

Technical
Specifications
and Design by

Experiments

Fusion Power Plant
| DEMO Specific

(under
development)

RCC-MRx ‘future’

ASME BPV
Section Il
Division 4

EU-DEMO
Design Criteria

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

- 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

- 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
foruse as a
pressure vessel

- Aim for power
plants (high level
of degradation)

- Inelastic Analysis
Procedure

- Failure of brittle
components (i.e.
Tungsten)

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

Experiments are needed to substantiate components

PUBLIC DISTRIBUTION

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




ASME BPV Organisation glxga

Section | Power Boilers

Section Il Materials

ASME BPVC.111.4-2023

Section lli 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 Xli Rules for the Construction and Continued Service of Transport Tanks
‘

Section XllI Over Pressure Protection s E c T | 0 N | | |

Rules for Construction of
Nuclear Facility Components

AEMENE L e ankd

2 0 2 3 Pressure Vessel Code
An

International Code

Division 1 Metallic vessels, heat exchangers, storage tanks, piping systems, pumps, valves, core support structures,

supports, and similar items. (B0 4 Division 4
‘ 5 7 Fusion Energy
Division 2 Code for Concrete Containments
Divisi Containment Systems for Transportation and Storage of Spent Nuclear Fuel and High-Level Radioactive
ivision 3 .
Material
< Division 4 Fusion Energy Devices

Division 5 High Temperature Reactors

Appendices Section 1l Appendices

Section Il
& Code Cases

Collection of Code Cases

2025-11-19 PUBLIC DISTRIBUTION



Example General Layout of a Section lll Division
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- 2000 Materials

Classification of
Components

Responsibilities /
Duties

References

Permitted Materials

Allowable Stresses

Welding Materials

Restrictions

Quality System

3000 Design

Division

Appendices

4000 Fabrication
and Installation

Design by Rules

Forming / Fitting

Design by Analysis Repair

Tolerances

Alignments

Welds

PUBLIC DISTRIBUTION

5000 Examination

8000-Nameplates,

: 7000 Overpressure Stamping with
S0 g Protection Certification Mark
and Reports
Methods Pressure testing Installation
Geometries Witnessing Reporting
Preservice Time

Qualification of
personnel



ASME BPV Section lll Division 4 Phase 1

" Q
— X

Phase | [2018 — 2024]

STP-NU-067

ROADMAP FORTHE
DEVELOPMENT OF
ASME CODERULES
FOR FUSION
ENERGY DEVICES

2025-11-19
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ASME BPV Section lll Division 4 Phase 2

Phase 2 [2024 - 2029]

2027 edition

ROADMAPR FOR THE
DEVELOPMENT OF
ASME CODE RULES
FOR FUSION

ENERGY DEVICES
‘ 2029 edition

Outcome is a
usable Code

2025-11-19 10


https://www.asme.org/codes-standards/find-codes-standards/roadmap-for-the-development-of-asme-code-rules-for-fusion-energy-devices/2024/pdf
https://www.asme.org/codes-standards/find-codes-standards/roadmap-for-the-development-of-asme-code-rules-for-fusion-energy-devices/2024/pdf
https://www.asme.org/codes-standards/find-codes-standards/roadmap-for-the-development-of-asme-code-rules-for-fusion-energy-devices/2024/pdf
https://www.asme.org/codes-standards/find-codes-standards/roadmap-for-the-development-of-asme-code-rules-for-fusion-energy-devices/2024/pdf
https://www.asme.org/codes-standards/find-codes-standards/roadmap-for-the-development-of-asme-code-rules-for-fusion-energy-devices/2024/pdf
https://www.asme.org/codes-standards/find-codes-standards/roadmap-for-the-development-of-asme-code-rules-for-fusion-energy-devices/2024/pdf
https://www.asme.org/codes-standards/find-codes-standards/roadmap-for-the-development-of-asme-code-rules-for-fusion-energy-devices/2024/pdf

Update ASME BPVC Sec. lll, Div. 4

. . . - Subsection FA—GenerallRequirgments
Update 1: Division 4 WG General Requirements o Subpart A ~Metallic Materials

o Subpart B — Nor 5 lateria
gnetic Compoucnts

Subpart C

. Ballot 24-2913 for major change in Division 4 structure to be a - Subsction FB — Class A Metallc Presare Boundary Components

Subpart A — Low Temperature Service

. . . . o Subpart B — Elevated Temperature Service
deterministic component code for fusion energy devices 0 Subpart C - Cryogenic Temperature Service
- 8 i X ss B Metallic Pressure Boundan Components
o ‘wubpart A —Low Tempc:mtuw Service
> o Subpart B — 7 i
o Subpart ( ogenic Tempera‘rure Service
Subsection FF — Supports

Update 2 COIIaboration With JSME in diSCUSSion - o Subpart B — Low Temperature Service

Subsection FG — Class CM Core Components

- Large input on superconducting structure component code based on o Subpat B — Elovted Temperatur Senvie

o Subpart C — Cryogenic Temperature Service
IT E R expe I"I e n Ce - S t:ion FH - Class NM Non-Metallic _Pl'essure Boundary Components
o Subpart A — Low Temperature Service
o Subpart B — Elevated Temperature Service
Subpart ( ogenic Temperature Service
tion FM — Magnetic Components
Subpart A — Low Temperature Service

Update 3: Drafting underway in WG GR on populating subsection FA o SobprtB—Fleaed Tperstrs S

Subpart C — Cryogenic Temperature Service

Mandatory Appendices
Mandatory Appendix I — Placeholder

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

Nonmandatory Appendix A — Vacuum Vessel Design Methodology
Nonmandatory Appendix B — Guidelines for Materials Qualification

- US DOE funded ($20m) WO RVAE QIO ER=Ta e MO R\ MR (OJll Noumandatory Appendix € - Environmental Damage Considerations
code qualify RAFM steel for BPV Section Il Division 4 — started March e

the lack of nu

2025 fOl' 4 yearS can be JE—.Ed in



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

BRIDGE program

“Fusion energy system Standardization”

(BFS)
Program Director: E. Tada
Project Team Leader: M. Nakahira
Project Team Subleader: H. Nakajima

APPENDIX 11
APPENDIX 12
APPENDIX 21
APPENDIX 22
APPENDIX 23
APPENDIX 31
APPENDIX 41
APPENDIX 42
APPENDIX 51

APPENDIX 1A
APPNEDIX 2A
APPENDIX 3A

APPENDIX 3B
APPENDIX 3C
APPENDIX 4A
APPENDIX 4B

- MAIN TEXT
FM-1000 Scope, roles and responsibilities Red:JSME specific
Emgggg gat?ﬂal Blue: partially JSME specific
- esign Black:collaboration with ASME
FM-4000 Fabrication (HIP)
FM-5000 Non-destructive examination .
FM-6000 Pressure and leak testing Proceedings of PVP2003
FM-7000 Glossary

- APPENDICIES (Mandatory)

Qualified inspection for superconducting magnet

Duties of standard-expert engineers for superconducting magnet
Standard for structural material

Specification for welding material

Guideline for applying new material

Design fatigue curve (4K)

Welding joints

Qualification of HIP diffusion bonding process

Ultrasonic examination method

- APPENDICIES (Non-mandatory)

Guidelines for quality assurance

Material properties other than yield and tensile strength

Rules for evaluation of service condition with limit set which exceeds limit sets 1, 2
and 3

Fracture mechanics evaluation

Experimental fatigue analysis for cyclic load

Characteristic data of HIP diffusion bonded part

Technical background of rules for fabrication with hip diffusion bonding

10

First Toroidal Field Coil Casing Fitting Mfie|d coil: D-shaped stainless steel structures with
Completed - December 2017 grooves machined on both sides along a spiral trajectory.

Provided by JSME and presented at SG FED May Code Week 2025
2025-11-19

Cross sectional view

Radial Plate

He
cooling
tube

7 double pancakes

760m x 95 lengths

415m x 38 lengths ii)}jt‘?:}b %
3) ;)( Q'Y

The radlal plates that hold the conductor of the toroidal

12



ASME BPVC Section lll Division 4 Rewrite glx

Project Overview & Contributions

Magnetic Components

* Goal: Finalise rewrite of Division 4 and deliver a * Integrate JSME rules into Division 4, Subsection FM.

complete draft for review and balloting. - Reconcile JSME text into FM 1000-9000 articles.
= Drivers: * Ensure technology-agnostic mandatory rules, with optional

= Strategic Initiative SI-2027-07 (ASME) e
. Giabal urgency for harmanised standards,
= Global urgency for harmonised standards.
* JSME input will inform non-mandatory appendix for tokamak
design.

* Harmonisation with JSME'’s Tokamak Code work anticipated.

= JSME brings decades of expertise in superconducting

magnet design for fusion. Dedicated technical tings bet ASME, JSME, and ITER
. -t i , - Dedicated technical meetings between , , an :
" Their existing rules form the backbone for Division 4's * Recognition of JSME contributions in Division 4 draft.

magnetic component standards. - Alignment with AFCEN RCC-MRKx for global interoperability.

/79N
BRiDGE

MR L Society 5.0 DIFEL 70T T L

* Accelerates development of internationally harmonised fusion
standards.

* Positions ASME—-JSME partnership as a global leader in fusion
safety and design.

prog DEMO DESIGN

the IDeal society (society 5.0) and Genera JOINT SPECIAL TEAM

2025-11-19 PUBLIC DISTRIBUTION 13




Fusion Materials Qualification of
Pressure Systems
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Vision of Division 4 Materials 8?58?\[’

What structural materials are you interested in using under pressure systems / structural integrity that is not in Section I1?

ASME BPV Section Il Division 5 2021 Class A ASME BPV Section Il Division 4 (future vision)

Table HBB-I-14.1(a)

Permissible Base Materials for Structures Other Than Bolting Base Material Spec NO PrOduct Form Types l
Product Form Cla ss Grades
Austenitic TBD Same as Div 316LN-(1G)
an stainless steel 1/Div 5
Fittings .
» Reduced- TBD Plate, pipe? EUROFER®97,
Forgngs 3047 activation steel F82H-IEA
Ni-Fe-Cr (Alloy BDOH) [Note (4) Vanad ium TBD TBD V_4Cr_4Ti,
alloys V15Cr-4Ti ?
Fhcras ot (5] ' Copper alloys TBD TBD CuCrzr?
P Ceramics TBD TBD SiC{/SiC?
E\Ii::m Pipe 22, 0L 1) ')
Moy 2 Sl e + Alloy 617 (2021)
e + Alloy 709 (~2027)
A recognised standard Division 4 Fusion
Dermote Wetd Menrials SPECIFICATION FOR PRESSURE VESSEL PLATES, is required Stakeholder§ s S.upportlng
-— ALLOY STEEL, CHROMIUM-MOLYBDENUM the collection of interest
Ni-Fe-Cr (Alloy 800H) ::: i : 2 . @g@ SA'387/ SA-387M TERNATIONAL
-t * ) B Infers that the material has a

SFA-5.23

i f fue maturity of MTRL 3.5-4

9Cr-1Mo-V SFASS (Identical with ASTM Specification A387/A387M-17a.)
SFA5.23
SFA528




Mandatory Requirements and Non-Mandatory
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For 2000 Materials articles in Class A and B Metallic Pressure Boundary Materials

Mandatory

All materials must comply to ASME BPV Section Il 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 Il 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).

2025-11-19

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 Il Appendix W
- Erosion and Corrosion (inc Stress corrosion cracking, pitting, intergranular)
- Environmental effect on fatigue life
- Embrittlement by radiation (IASCC)
- Thermal ageing embrittlement
- lrradiation 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-1l CRP

PUBLIC DISTRIBUTION 16



ASME Section Il Part D Mandatory Appendix V

ASME B31 Pressure

Piping

A 4

A 4

ASME BPVC

|

Nuclear Vessel <450C
(Fenmitic steel)

Fusion Components

Nuclear Vessel > 450C
(Fenitic steel)

Non-nuclear vessel
(up to 20.68 MPa)

Non-nuclear vessel
(up to 20.68 MPa)

Alternative methods

AFCEN

Piping

ASME B31.1 Power

ASME B31.3 Process
Piping

Section Ill Division 1

Section IlI Division 4

Section IlI Division 5

Section VIII Division 1

Section VIII Division 2

Section VIII Division 3

RCC-MRx

Section Il Appendices —

Extra Materials Data in

Components without significant
irradiation or creep can use EN
13445 for qualify pressure
boundary materials

Annex 3-A

Mandatory Appendix IV
ry App RB 2000 Materials

Contains Extra Material
Data at High
Temperatures for
Reactors

Section Il Appendices —
Mandatory XXV ASME-
Provided Material
Stress-Strain Data

Section Il Part D Mandatory Appendix V

“Guidelines on the Approval of New Materials Under the
ASME Boiler and Pressure Vessel Code”

AFCEN RX.17.005 RevA “Guide for

introducing a new material in the RCC-MRx"

Section Il Contains Materials Data

A 4

» Approved Standards |« Approved Standards Radiation damage provisions

4 A

|
American Petroleum Institute (API) By 2|025
American Welding Society (AWS) |
Canadian Standards Association (CSA) !
Japan Industrial Standards (JIS) IAEA Small Scale
Standards Association of Australia (SAA) Testing Techniques
China Standardization Committee (CSC)

American Society for Testing and Materials (ASTM)

European Committee for Standardization (CEN) International Organization for Standardization (ISO)

2025-11-19 17
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Supporting access, developing sections
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ASME BPVC Section lll, Div.
Roadmap

Writing new sections of
Section llI, Div. 4

Exploring code interactions —
especially materials

Applying justification for clien
designs using the codes

AFCEN

Section Il Appendices — Extra Materials Data in

Components without significant
Mandatory Appendix IV Annex 3-A EN

Contains Extra Material

Data at High
Temperatures for
Section Il Appendices —
Mandatory XXV ASME-
Provided Material

Stress-Strain Data

Section Il Part D Mandatory Appendix V'
“Guidelines on the Approval of New Materials Under the

ASME Boiler and Pressure Vessel Code” === -====---~ » RGCENICI7 000 RavARGUIde) oy

introducing a new material in the RCC-MRx"
Section Il Contains Materials Data

Approved Standards Approved Standards Radiation damage provisions

ty for Testing and

in Committee for

19



“Nuclear Grade” materials
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« The term "nuclear grade" materials is a misconception propagated by sources outside the code
- Specifically, the Section Il classifies Class 1, 2, 3, A, and B components with the following criteria:
- List of permitted materials
- Specification accepted (these are standard materials defined in ASTM)
« Manufacturing controls and quality program
- Inspection of the materials
- Physical material does not differ between the classes.

- Each class requires differing inspection to meet the standard

What quality / inspection on materials specifications is required for pressure-retaining
and structural integrity of fusion components (such as VV BB FW)?

« Any new material needs to pass Section Il Part D Appendix V qualification.

- Experience with blankets, vacuum vessels, and first wall fusion components, the quality requirements are stringent.
- Undergo extensive testing, including impact testing, fatigue, and creep tests, given the conditions they operate under.
- Specifications must meet high impurity limits.

- Developers can inform code of the quality requirements for their blankets, first walls, and vacuum vessels.
« Currently, ASME BPVC Sec. Ill, Div. 4 stakeholder group is attempting to gather this information — but too high level

2025-11-19 PUBLIC DISTRIBUTION 20
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Going forward Sy
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Division 4 serves the fusion The (draft) rules evolve over time To get involved, please join the
community. ASME Code Weeks (free).

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 PUBLIC DISTRIBUTION 21
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Questions for the community 8?&58?\

Q: US state laws mandate the use of ASME BPV for unfired pressure systems.
- What technical gaps have you identified in BPV Sections (VIII / 1ll) 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 117?

Q: For materials listed in Section I, what failure modes have you identified that are not addressed in
Section VIII7?

Q: For all the above, how does the answers change when moving toward components exposed to high neutron
irradiation over sustained periods of time

PUBLIC DISTRIBUTION 23
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