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ANT Program Overview
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Advanced Nuclear Technology Program Focus
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ANT’'s Research Porifolio

200+ A0+

Existing Products Ongoing Projects

STARTUP & OPERATIONS
60+ Documents ®,

SEISMIC & PLANNING

20+ Documents

FABRICATION &
PROCUREMENT
40+ Documents { 4‘
ol B :QF' 3

DESIGN

70+ Documents

CONSTRUCTION

70+ Documents

3002024386 - Advanced Nuclear Technology: 2022 Product

Catalog
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ANT Participation Continues to Grow

EPRI Nuclear Base Membership

2 2 US Members

29 Global Members Reactors Worldwide

EPRI ANT Supplemental or Vendor

cie e Designer
AR Initiative Members Utility (Nuclear and Non-Nuclear)

Manufacturer
Architect & Engineering
Industrial

Researcher
COMPANIES ...and more!
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ANT’s ADVISORY STRUCTURE

Utility Chair and Vice Chairs

Research Integration Committee

Technical Advisory Committee

Engineering and
Construction Innovation

(Hasan Charkas)

Advanced Manufacturing
and Materials

(Marc Albert)

Nuclear Design and Fuel
Cycle

(Dan Moneghan)

Project Development and
Execution

(Chad Boyer)

Initial Operations and
Maintenance

(Bruce Greer)

Nuclear Beyond
Electricity

(Jeremy Shook)
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Advanced Reactor Roadmap




Advanced Reactor Roadmap @

A shared strategy to ensure success at scale

] | X

e e\

Serving government,  Almost 100 GWe of new 7 Enablers and 46 key Convening the
academic, industrial, nuclear will be needed by actions chart our path industry for
and public 2050. This means around towards a net-
stake holders 300 ARs in the next 30 zero future

years

Industry’'s roadmap to the future fleet
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Strategic Elements

Regulatory Efficiency

T~

\"-.

Licensing

Environmental

Oversight

Technology Readiness

Project Execution

Fuel Cycle

e Plant/SSC Design

— Supply Chain

Nuclear Beyond

Electricity

== Codes & Standards
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Advanced Manufacturing and Materials




Advanced Manufacturing and Materials

ldentify, develop, qualify, & implement more economical manufacturing, inspection & new materials that enable:

Higher Quality Components | Reduced Lead Times | Alternative Supply Chains | Cost Competitiveness | Enable Deployment

e Evaluate, Qualify, Demonstrate « Mitigation Techniques * AR Materials Development
Advanced Manufacturing Methods _ : e .
* Material Management * Materials Qualification
* Additive Manufacturing — . , _
. PMLHIP « Reliability & Integrity e Degradation Mechanisms
Management (MMM/MDM)
e Advanced Welding ) o
_ _ * ASME Section XIl, Division Il
* Mechanical Connections

. Advanced Cladding * Enhanced Specifications

Material Performance New Materials
and Inspection Development

Advanced Manufacturing
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Materials Management Programs
for Advanced Reactors




Materials Management Program Background

Typical Pressurized-Water Reactor

= For the operating, light-water reactor fleet,
license holders use a deterministic approach
to assure as-designed safety margins through
a selection of mandated examinations and
tests

— ASME Section Xl, Division |

= Developed and evolved with over 40 years of
operating experience guiding the requirements

— NEI 03-08 Materials Initiative

= Industry requirement, endorsed by NRC, to
prOaCt|Ve|y manage aglng and degradat|0n Of Water-Cooled Reactors Sodium Fast Reactor Molten Salt Reactors Highé:irlzze;::::ifas' : icrr‘:: _
materials . =
= To support a broader range of reactor

specifications/designs, a performance-based
alternative approach to define an
appropriate program of examinations and
tests is now available

\
{ Schematic of
the small
modular light-
water reactor
(IwSMR)

N , Design rendering of Westinghouse’s
Rendering of Moltex’s stable salt v e
eVinci microreactor su pplying
ote en

reactor, which burns spent LWR fuel.

Natrium’s integrated molten salt Rendering of Southern Co. and

H n/iclt thermal storage loop, enabling 150% TerraPower’s molten chloride fast Ren Art.ist’s rendering of Oklo’s
- ection XI, Division pisintriotaintial | My microreactor powter glant

The legacy Section Xl, Division | ISI program requirements may be a poor fit for many new designs
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Advanced Reactor Materials Management - The RIM Process

ASME Section XI, Division Il — Article RIM-1, RIM-1.1 Scope
Plant and SSC

Reliability Target Performance
Allocation — Monitoring and
RIM Program Originating from Evaluation of RIM Program
Scope Definition PRA Uncertainties Updates
01 03 05 ) 07 )
02 04 06 )

Degradation Identification and RIM Program

Mechanism Evaluation of RIM Implementation

Assessment Strategies

Development and demonstration of a RIM Program approach is lengthy and a cross-disciplinary task
Difficult for any one organization to tackle alone
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RIM-2.3 Degradation Mechanism Assessment (DMA)

= The potential active degradation mechanisms for the SSCs within the RIM
Program scope shall be identified and evaluated.

— Design characteristics, including material, pipe size and schedule, component type (e.g., standard fittings,
elbows, flanges), and other attributes related to the system configuration

— Fabrication practices, including welding and heat treatment

— Operating and transient conditions, including temperatures, pressures, quality of primary and secondary
fluid, and service environment (e.g., humidity, radiation)

— Plant-specific, industry-wide service experience and research experience

— Results of preservice, in-service, and augmented examinations and the presence and impact of prior repairs
in the system

— Applicable degradation mechanisms, including those identified in Mandatory Appendix VIl for the applicable
plant type

— Recommendations by SSC vendors for examination, maintenance, repair, and replacement
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Materials Management - Integrated and Strategic

Building off successes from the light water fleet, EPRI is applying a similar approach to materials degradation
assessments for the advanced reactor fleet

y/

/ Condition
Identify & Assess Assessment & |
Potential Management
Challenges &
Vulnerabilities

e Develop and Implement a design-specific Inspection
Program

* Monitor performance through operating experience
and inspections
Periodically » Mitigate initiation and propagation of degradation
Reassess mechanisms
* Materials Program and \.® Repair or replace as required W

Degradation Matrix Update as
(MDM) Needed
* Issues Management e MDM and IMT maintained as living i
(_ Tables (IMTs) documents with reqular updates
e Critically evaluate operating experience
and incorporate into program
J
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Systematic Approach Summarized

Materials

Degradation Matrix
Rev. 4

3002013781

Issue Management
Tables

PWR: 3002018255
BWR: 3002018319
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Component Material
Degradation Tables

Degradation Mechanism
Explanatory Notes

(With R&D Status Notes)

<

Component
Management Tables

R&D Gaps

(with Management Issue,
Description/R&D Status
and Needed Knowledge)

Every material, every potential
degradation mechanism and status of
knowledge

— Mapped to 80 years of operation
— Covering BWR, PWR, CANDU and VVER
— Planned: LW-SMRs & ANLWRs

Every component/material, failure
modes, mitigation, repair/ replacement,
I&E Guidance = Knowledge Gaps
identified and prioritized

— Covers BWRs and PWRs

— Planned: CANDU, VVERs, LW-SMRs & ANLWRs
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Materials Support for Advanced Reactors

Materials
Based

t
/ Component
\. Based
T, Y
A

—~
v
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Material Property Assessment e e sk e s

and Data Gap Analysis for the Material Property Asse§sment and Data.Gap Ana-lysis for the Materials Property_ Assessment
. . and Data Gap Analysis for Prospective Materials for Very and Gap Analysis for Lead-
Prospective Materials for Molten . )
Salt Reactors Sodium-Cooled Fast Reactors High Temperature Reactors and Cooled Fast Reactors
3002010796 3002016949 Gas-Cooled Fast Reactors 3002016950
3002015815

Advanced Reactor Materials Development Roadmap

Addresses extension of ASME Code property data and mechanical, corrosion, and irradiation property data

3002022979 (2021)

Materials Degradation Matrix for Advanced Non-Light Water Reactors

(beginning in 2023)

Issue Management Tables for
Issue Management Tables for Issue Management Tables for VHTRs and Gas-Cooled Fast Issue Management Tables for

Molten Salt Reactors Sodium-Cooled Fast Reactors Lead-Cooled Fast Reactors
Reactors
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Together...Shaping the Future of Energy®
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