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TMSR-LF1

Prototype MSR - TMSR-LF1 is under construction in China

Overview of Gen-1V developments and Generation 1V International Forum (GIF)

SNETP Forum 2021, 2-4 February 2021
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AM Materials Development Mechanical Testing Irradiated AM Specimens

*  Unimadated and iradasted

Westinghouse has funded material development and irradiation performance
loslmq for 316L SS, Ni Alloy 718 and 2Zr
Produced AM block and micro-tenside test specimens
*  rraciating materials in MIT's test reactor (Oct. 2014 -« 2018)
+ Completing post-iradiation sxamination (PIE) at Westnghouse
Churchill laboratory (316 and 718 compieted, Zr PIE DOE funded)
*  AM 6L iradation performance consistent with wrought

* Room Temp and slevated

Name First Name Function :
[COSTA _ %
POUCHON Manuel Member

ABONNEAU Eric Member
OKAJIMA Satoshi Member
WARD Caleb Member
NILSSON Karl-Fradrik Member
STORER Andrew Member
VAN ROOYEN Isabella J Member
(FARK Jeong-Yong Member
GIROUX GIROUX._ Pierre-Francois | Member
TEYSSEYRE Sebastien Member
IVAN Lucian Member
LOWE Shehan Substiute
KAMUI Yu Member
WY

tonsie testing of AM 316 SS
and Alloy 718 materials inside
WEC hot cell

Temp (Le., ST2°F) tensle
testing of ~50 AM 31655
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S Second US Applcation of Adatwe Manufactunng
Reactor Ready Component Project eVinci™ Microreactor Primary Heat Exchanger (PHx _ st e

Kaizen Evert Held to Select Demonstration Component -~ Dec 2014
* Thimble Plugging Device (TPD) selected as the Srst AM Fuels component oVinci PHX AM Design / Concepts

to be placed in @ commercial reactor as a demonstration component * Developed latice support structure for HX header plates .;"_'. e
*  Low risk component. moderate complexity, fully contaned in guide thimble tubes *  Flexible supports allow tube movement during thermal cycle o -
* AM TPD is equivalent in Form, Fit and Function as existing TPD

'NRC AMT Action Plan Deliverables Currently
Publicly Available

Completed testing, analysis, quality assurance, manufacturing qualification,
licensing, otc. to support one production AM TPD
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Working with Exelon, the AM TPD was delivered
for the Byron Unit 1 Spring 2020 Outage va
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. Plan future workshops

Organise activities in the GIF Industry Forum 2022
Plan and implement collaborative R&D initiatives

Coordinate with other groups investigating or
promoting advanced manufacturing for advanced

reactor manufacture
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AMME Workshop on Advanced Manufacturing (Virtual) Jun 2022, OECD, Paris, France

PLEASE NOTE: All Times here are in Central European Time (Paris Time)

Mon 8 Nov

GIF AMME Workshop on Qualification of Advanced Manufacturing
DAY 1

Session 1 — Overview of workshop

13:00-13.10 Welcome and Introduction, overview of AMME-TF, purpose of workshop!
13:10-13:30 How do we get new materials and processes into codes {15mins+5min

guestions

Cecile Petesch, RCC-MRx Sub-Committee Chair, CEA (20mins+5 min questions)
13:30—13:50 eVinci Proposed composite materials qualification process?

Jurie Van Wyk, Westinghouse {15mins+5 min questions)
13:50 — 14:10 Regulators and survey response

Raj lyengar, NRC (15mins+5 min questions)
14:10—14:30 Can we learn from Aerospace?

Robert Carter NASA {15mins+5min questions)
14:30- 14:50 Question for groups: what should happen next to enable qualification of

advanced manufacturing processes for advanced High Temp Reactors
{15mins+5min questions)

Session 2 — Group activity 1

14:50 — 15:00 BREAK
15:00 - 1630 Attendees split into allocated groups, which undertake the following activities
with the group Moderator/Rapporteur:
a. what could happen next
b. analyse multiple ways forward
c. Prioritise, things that could happen next
d. Agree communication for Rapporteur to give to meeting
(Can develop presentation in break if necessary)
16:30—17:00 Break
Session 5 — Final Group Reporting and Meeting Outcomes
17:00-17:30 Each Group present their findings and recommendations
17:30-18:00 Summarise discussion and consensus of meeting
18:00 End of Meeting
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address licensing and regulatory
considerations for materials and
components for advanced reactors

Common Regulatory Practices to
Ensure Appropriate Qualification
and Through Life Performance of

Materials in Advanced Reactors: P I 5
Survey results Purpose Of “ quut:t::cwa::: :nndm:e?f:anﬁance
Survey management

Working Group for Safety of Advanced
Reactors

OECD-NEA -- CNRA

current regulatory practices,
technical approaches, methods and
models used to ensure appropriate

Survey
Development
Team

» United States
Nuclear Regulatory
Commission (lead)

» Office for Nuclear
Regulation (UK)

» European
Commission - Joint

Research Centre
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21 Respondents

-HI

Survey Overview

Mixture of multiple choice and open-ended
questions

3 main categories:

(Q5: What is the current regulatory framework
used to ensure appropriate qualification and
through life performance of materials in advanced

Q4: What reactor types are of interest
to your organization?

Load Barruth Cootnd Fas Reactor 1
Lead-cooted Famt Reector

Sodium Cooled Fam Reactor

Gas Cooled Fax Reactor

High Temperature Gas C ooled Rex tor
F uonce Satt Cooled Migh temperature.

Moten Sar Fuonioe Thermad Reactor

Maoten Sat Chiorice Fam Reactor

2 - L] & 10 12

mACvely Working = Future Activity
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Q7: Which Design and Fabrication
Codes/Standards are being used by your
organization?

Q8: Organizations can have different levels of involvement in the development of

codes and standards. Please describe your organization's involvement in the
development of codes and standards

Number of Organizations vs. Type of Code Involvement

x | |
[}

Leaan Contrmatngto  Revewing Corvritie verkarew Suvber of
Cwssicprment  Dweelapmere:  Coderand Verberave Coderand  Omgentawsioes
Staadwrdy Stmaderny
Developrrens.

Design/Fabrication Codes - Number of
Organizations Using

*

>

~

Key Takeaways - Regulatory Structure

Q10: Which materials will likely ba deployed in d°a1t:1 n@%ﬂmﬂab
advanced reactors in the next decade? Check all reactor designs.
that apply.
Material vs. Expamed Likelihood of e
Even mixture of M .
performance-based, i mdely SH European respondents ® 2
risk-informed, and s E also using AFCEN- B :
: Section Ill and ASME R R 2
prescriptive Section X CCMRx % s
requirements 3 4
3
. 2
. ' '
Most respondent 2 ° . \.
AC 5 - organizations actively o ‘y'
ASTM and ACI : ) 8 f ¥ f o
involved with codes f g .A F LT 3 v .
Standards widely used »" “"’“ 5“"‘ o P "4
tandards widely used T Sttt j / S, / s \*

e
organizations A &
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21. Would you quaiify an AM
component rather than a materal?

i#77j
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22 If yes, is AM component qualification a
part of Regulatory Framewaork?
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23. What would your organization expect to be included in a test program for materials
that may be subjected to a non-water environment {e.g., molten salt, molten lead)?
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27. Are you developing regulafions. procedures or guidance on the application of advanced
sensors and nonrdestruciive examinafion lechniques for in service inspection or oniine monitoring
of passive components?

RED 1s baing
conducted on
passively loaded
approsches

Accelerated
Qualification
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Key Takeaways - Materials Qualification and
Lifetime Performance

Q25: What approaches for assessing operational
reliability of components and materials qualification
would be consistent with your current expectations?

Parosity, Fatigue, Dimensiona Stabllity; RIM
Online monitoring program Chemistry; Cladding of Fuel Elements; Vessel
Thickness; Acoustic Emission Testing

Mechanical Properties; NDE; Creep and Stress Arfasation
LG T LRGP RETIA NN Perodic Visual and Eddy Current/UT Imgection of Graphite Core
Thickness, Chemical, Parameters, Voltage, Pressure and indicators

Azcelarated Mabtesial Couporns in Reievant Environment; RIM or
program et 03 ASTM £531; Pessively Loaded Sonogate Materdials
SUtvsilanc e, Samoley i Neator Veass 1o Teet depact of b adistion
and Tarparature; Dose Kates and Endronmantal Etfectc

Surveillance specimens

&mm;:mmmw 34. What Forums Are You Interested In2
performance of materials in advanced reactors?
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AMME Workshop on Advanced Manufacturing (Virtual) Jun 2022, OECD, Paris, France
PLEASE NOTE: All Times here are in Central European Time (Paris Time)

Mon 8 Nov

GIF AMME Workshop on Qualification of Advanced Manufacturing
DAY 1

Session 1 — Overview of workshop

) &iL

13:00-13.10 Welcome and Introduction, overview of AMME-TF, purpose of workshop!
13:10-13:30 How do we get new materials and processes into codes {15mins+5min

questions

Cecile Petesch, RCC-MRx Sub-Committee Chair, CEA (20mins+5 min questions)
13:30-13:50 eVinci Proposed composite materials qualification process?

Jurie Van Wyk, Westinghouse (15mins+5 min questions)
13:50-—14:10 Regulators and survey response

Raj lyengar, NRC {15mins+5 min questions)
14:10-14:30 Can we learn from Aerospace?

Robert Carter NASA {15mins+5min questions)
14:30- 14:50 Question for groups: what should happen next to enable qualification of

advanced manufacturing processes for advanced High Temp Reactors
{15mins+5min questions)

Session 2 — Group activity 1

14:50 - 15:00 BREAK
15:00 - 1630 Attendees split into allocated groups, which undertake the following activities
with the group Moderator/Rapporteur:
a. what could happen next
b. analyse multiple ways forward
c. Prioritise, things that could happen next
d. Agree communication for Rapporteur to give to meeting
(Can develop presentation in break if necessary)
16:30—-17:00 Break
Session 5 — Final Group Reporting and Meeting Outcomes
17:00-17:30 Each Group present their findings and recommendations
17:30-18:00 Summarise discussion and consensus of meeting
18:00 End of Meeting
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