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Dr. Tim Burchell (ORNL) has retired on 1 October 2020
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- Five different research areas

h

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

Virgin 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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~ As-Fabricated Properties (Baseline) watthews)

! g “

< Baseline (unirradiated) material properties

* As-manufactured material property data
for all major AGC graphite grades ‘ Comprehensive Final characteristic property

. u o . Baseline data set distribution is based upon an
* Provides a “baseline” of material property - extensive body of knowledge
values

«  Compare to changes resulting from
irradiation, oxidation, molten salt
interaction

Fully-
integrated /‘ ™

data —J[_ ¢
distribution | # \

AGC Performance- |/
sub- 1| limiting property,
blocks | values ! o \
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Graphite P roperty D istribution

|

Post-irradiation
examination

- New uses for Baseline data everyday —
Data for NRC degradation model billets
Testing conservatism of ASME code

« Sample pop., location, degradation effects, efc.
Elevated temperature mechanical testing
» Per ASME requirements Pre-irradiation
Split-disk testing critical for: il
* Irradiation changes
» Molten salt effects
» Combination effects
Limited testing of new super fine grades

PropertyValue Frequency
o
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_ AGC Experiment (Irradiation) windes)

Micro and Prismatic
dose range (600°C)
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= Data analysis:
= Baseline data — ASME
= Mechanism studies data — AGC data _J
= AGC data — ASME
= Behavior Models — ASME
= ASME Code complete
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- Oxidation testing (smitn

Wrapping up irradiated oxidation
= Oxidation of irradiated specimens
= Oxidation rate increases
= Dose dependency
* Increasing rate with increasing dose?
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GIF oxidation report

Summary of all oxidation results for all
GIF contributors

USA, EU, China, Japan, N. Korea
GIF High Level Deliverable (HLD)

Continuing effects on material properties
= Mechanical strength changes from oxidation
* Modifications to ASME code rules

= Material property changes due to increasing
oxidation

« Strength, CTE, modulus, thermal diffusivity
= Fine grain and moderate grain size materials
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- Molten Salt Studies (caiiego)

- |
- |
o

.« | S

Gas
outlet

Molten Salt testing

- Salt impregnation into graphite pores
— Physical damage/cracks
- “Hot spots” from fueled molten salt

» Wear/abrasion/erosion
— Molten salt has higher density than

, . Sample .
Filled and
Gas inlet ¢ Sle‘;e(??n holder graphite
and glovebox 1 - Liquid flow over soft graphite has potential
tlet : : : :
oute « Chemical coupling with metallic systems

— Graphite — MS is inert

— There are questions when a metallic
component is added

Pressure
vessel T
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Behavior Models (sass)

. £
Behavior Models: Answering core design and degradation behavior
New developments in graphite behavior models addressing:
» Oxidation behavior in large core components
* Irradiation effects on structural integrity of components

» Molten salt effects anticipated
Adding ASME code rules/methodology to determine core component integrity

NBG-18 NBG-18
Example Problem Setup Temp. =525 °C Temp. =625 °C
Mass loss = 10% Mass loss = 10%

Oxygen Concentration /i
on Surface

Density (kg/mA3)

v 1.8e+03
I 1700
— 1600
— 1600
— 1400
P ‘ — 1300
[ 1200
1.1e+03
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\___Graphite Code Development (Geringen

" Progress in ASME Code development

Latest updates on ASME graphite and composite code development ASME TP NU 009 27715 | -
Laundry list of new areas of optimization from NRC assessment (Task Groups) ey

« Defining failure criteria Weibull 1 oA

» Oxidation rate and effects on structural performance N

« Clarification of probability of failure (POF) assessment /_ :;m

* Addition of irradiation data and trends to code rules T m":::

Assessment of molten salt

SECTION Il

Rules for Construction of
Nuclear Facility Components

ASME Boiler and
20 1 9 Pressure Vessel (Code
An International Code

Division 5

High Temperature Reactors
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_Collaborations (domestic and international)

!
4 — D
Irradiation damage NDE
- Oxford - Manchester * John Hopkins (NEUP)
- Leeds - KAERI
- Wisconsin - Boise State
- ANSTO - MURR
\ Oxidation
/\ Boise State
e _ 0\ China (INET)
Behavior Analysis KAERI
* Trradiation changes
Thermal Creep » Dimensional/creep response
* Manchester — Oxidation — Exper. & modeling
» Modeling mechanical strength \
* Microstructure changes/effects :
* Testing and code development N MeCh%nlfc:tl Changes
. xior
*  Manchester
 U. Minnesota
/ ™ \_ * Boise State )
ASME, ASTM, IAEA Modelmg
- Gen IV (GIF) - U.K. Tl e
- Japan - China » U. Wisconsin
- EU - NEUP * RPI
\- Korea - ANSTO /
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