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- Five different research areas

Licensing & Code
- Establishes an ASME
approved code (for 15 time)
- Develops property values for
Behavior models initial components and
- Predicts irradiated irradiation induced changes

material properties and

potential degradation Graphite R&D

1ssues
- Irradiation behavior for Program

continued safe operation : :
5 Defines the safe working

envelope for nuclear graphite
and protection of fuel

Mechanisms and Analysis

- Data analysis and interpretation

- Understanding the damage mechanisms
is key to interpreting data

As-Fab’d Properties

- (Statistically) Establishes as-
received material properties

- Baseline data used to determine
irradiation material properties

Irradiation
- Determines irradiation
changes to material properties
- Irradiation behavior for
continued safe operation
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- FY23 Graphite Activities

Characterization

Capsule Irradiation

HDG-1 Irr Modeling

Disassembly

Licensing

Transport Oxidation

Irradiation

AGC-4 PIE

ASTM Dev

%

ample order

i
I

Irradiation o
Oxidation .
Microstructur

Oxidation
Properties

(@F:14:11) 19 B:1)

Oxidation
Resistance

50% to 65% of program funding

HT Mech

NDMAS
Graphite
Analysis Tool
University
Collaborations
Vendor
Collaboration
IAEA/EDF
Collaboration
N. Graphite
Specification

DOE/EPRI
Graphite Rpt

Supply Chain

ASME

Irrdiation

Design Rules

Oxidation

Definition of

Composites

[ ADVANCED REACTOR TECHNOLOGIES Fmms



e =

AN

} .
L] | y

~* ~What are we discussing this year?

L

AGC Update

Oxidation Activities
— Oxidation rate, penetration/lathing, strength after oxidation

Baseline Status
— Data use in ASME and improved split-disc studies

ASME Code Development:
— Irradiation model
— Ceramic Composites
— Design task group
- Component failure

VIC Project Update

Molten salt studies
— We are Iinitiating material interactions now
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", Advanced Graphite Creep (AGC) Experiment i windes

w 2018 Schedule

KJRR Delay

KJRR Delay COVID Delays

ADVANCED REACTOR TECHNOLOGIES



-OXidation StUdies (Rebecca Smith)
« | Large amount of work being performed
— Oxidation rate work is minimal

. Graphite Oxidation,
~ Mostly ASME and ASTM involved work Mass Normalized
L] L] -3.7 o o o o
Strength after oxidation 4 |850°C  620°C 600°C 550°C
. ETU-10 1" x 1" cylinders, against grain
Oxygen penetratlon depth :::5 < ETU-10 1" x 1" cylinders, with grain :
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I Oxidation of irradiated graphite
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!' | Bas e I I n e (Arvm Cunnlngham) Graphite  Laboratory | Billet # — o EHIZIEIEEI:H::I'IDM::C}IMEI oo | Data Report Analysis Reports N[:'::;;?
( Density | Testing  Testing Tasting
Yy PCEA ORNL  [XPCO1SE-11 100%  100% | 100% 100% 100% | ORNLTH-2015/765 | ORRLTM-2015/785 NO :
N Ove r 23 y 800 N QA' 1 q U a I Ifl ed PCEA INL KPCO2SE-T 100% 100% 100% 100% 100% ECAR-3725 INL/EXT-13-30011 YES
measurements thus far b N Docoses | tom 0% | wom6 1% 1008 | eomem | wwsame | N
. 5 majOr g ra p h |te g rad es PCEA INL [XPCO2SE-S 100%  100% | 100% 100% 100% [CAR-6110 LW 2370851 NO
PCEA INL XAPCD1D3-35 BE% NO
* Focus is supporting other areas: TN e el I e e EESBRSS

- Irradiation: AGC PCEA Wultiple Other Rillets Available
~ ASTM: Split-disc testing (D8289) oo w e |um oo | uw e m | s | g

INLFET-A0-19000, (M JFNT-

. H MNBG-1B INL 535-14 100% 100% 100% 1003 100% ECAR-1930 s YES
- ASTM: High Temperature tests
MEG-18 ORML (8356 100% 100% 100% 100% 100% | ORMLTM-2010/219 | ORRLTR-0I0,713 MO :
- ASME code rule development i |
NEG-18 Wultiple Other Billats Availzhle
MOIten salt lnteraCt’ons 114 ML A 20568 100% 100% 100% 100% 100% ECAR-S708 INL M- 220050 NO
214 INL A20570 10dr% 1008 10ir 1008 1008 FLAR-2327 [0 fFXT-12-33 1200 YES
A0S, ORMLATM-2018/1038, |
2114 ORML (116310 100% 100% 100% 100% 100% P — ORNLITM 1513565 YES* |
2114 Wultiple Qther Billats Available
MBG-17 IML £30-3 100% 100% 100% 1004 100% FLAR-3727 M1 JFET 12 23120 YES
MNEG-17 INL W14 100% 3k MO
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ASME BPVC.111.5-2021

ASME Component Failure wartin Metcaire)

Composite code development within ASME Section |l
Division 5 (HHB). SECTION 111

Rules for Construction of
Nuclear Facility Components

~ Approved in 2019 PBVC version D017 | eboens fhecai o

An International Code
Division 5

— A nonmetallic but wholly different from graphite
* Highly directional (fiber orientation)
-« Specifically fabricated to design
« Different failure behavior

= Initial rules require some modification [+ =

Tie Rods Restraint Straps

Control Rods

»,

Pale miin

Example HTTR ™ =t e y
CFRC Cantrol Red | 'IEI {5\1\& ﬁ-_ |
Sxmied pin

Lece 1k
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ASME BPVC.II1.5-2021

‘A S M E : D e S i g N Ru Ies (Andrea Mack)

_..-‘

+ Lead Task Group in Nonmetallics Working Group (NWG)
— Largest commercial vendor participation SECTION 11l

Rules for Constru

Priority activity in ASME Section |l 202 1@3555:9:;5:27
— Sec llI-5 has designated NWG Design rule changes as a T
priority activity

— Striving to get changes into 2025 ed. BPVC
Heavy use of Baseline data

Full Assessment
» Disparate flaw distribution
 TuningV,_,and A
* Mesh refinement
« Location
« Sample size requirements
« Margin

Simplified Assessment
« Stress terminology

Rtf
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. ASME: Component Failure wernuetcare)

SECTION lII'

Rules for Construction
Nuclear Facility Components

ASME Section lll Division 5: Rules for Construction of
Nuclear Facility Components (High Temperature 207 1 BN
Reactors) o

Damage tolerance and component functionality

Review of damage tolerance in the graphite cores
of UK power reactors

Clarification of terminology associated with
component assessment methodologies

ASME Section Xl Division 2: Rules for Inservice
Inspection of Nuclear Power Plant Components
(Reliability and integrity management)
A new supplement covering graphite components in
high temperature gas reactors

ADVANCED REACTOR TECHNOLOGIES



~+_Vender Irradiation Capsule wiwindes

What is the general idea

Why is it needed?

What are our options?

What do the commercial vendors think?

What is the next step
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PCEA

1G-110

2114

ETU-10

NBG-25

CGB

Color scale of neutron attenuation coefficient (¢cm™)

* Molten salt is just another degradation
mechanism for nuclear graphite
— Unirradiated and irradiated material
behavior still occur Atenuation coeficient (1)

- A status on initial molten-salt U
interaction studies

— MS penetration into graphite
microstructure

— Erosion/Abrasion

- New funding molten salt — graphite
interaction studies (no results yet)

— Enhance and complete results from
these initial studies
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~NEUP: New graphite research (Thursday, July 27th, 2023)

Advanced Reactor Component Materials Topics for FY21 NEUP Call
RC X-Y. Effects of Irradiation Induced Microstructure Change in Graphite

Multiscale Effects of Irradiation Damage on Nuclear Graphite Properties
Aman Haque, Pennsylvania State University

Quantifying the Dynamic and Static Porosity/Microstructure Characteristics of
Irradiated Graphite through Multi-technique Experiments and Mesoscale Modeling

Jacob Eapen, North Carolina State University
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