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Surveillance Philosophy

® Surveillance of RPV (mandatory)
® Regulatory : essentially based on the Charpy impact test
® Conventional surveillance determines DBTT shift due to irradiation
® Fracture toughness properties are deduced from this information
® This approach is more than 50 years old

® Only part of the available information is used

® Enhanced surveillance (Supplementary)
® Tensile testing (static and dynamic) with subsized specimens
® Reconstitution of additional Charpy impact (instrumented)

® Reconstitution of PCCv (precracked Charpy specimens) for fracture toughness testing in
the transition and ductile regime
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PART 1:

Reconstitution

What can be done with a broken Charpy impact specimen?
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Specimen Reconstitution and Miniaturization
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PART 2:

Tensile and Fracture toughness testing

More than Charpy impact
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Tensile testing

900 1

800 -

engineering stress (MPa)

100 A

=» Radiation Damage Modeling

700

600

500 -

400 -

300 -

200 1

Tensile Testing

irradiated

unirradiated

Yield strength | <=
increase

0 0.05 0.1 0.15 0.2

engineering strain (--)

0.25

strength (MPa)

ductility (%)

1000 1y

90!

80

70

60

50

40

40

20

02.7x2.7mm? AD2.4mm @D625mm ™ D25mm |

0 g

uncertainty bounds on strength: Ac+5%c

0 -

0 4

0 4

O .

O T T T T 1
-200 -100 0 100 200 300

temperature (°C)
reauction ot area (KA)

uncertainty bounds on reduction of area: RA+ 5%
uncertainty bounds on uniform elongation : g,+ 2%

uniform elongation (g,)

-200 -100 0 100 200 300
temperature (°C)

© 2019 SCK-CEN



Master Curve and Crack Resistance Curve
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PART 3:
All What You Can Extract from the Instrumented Charpy Impact Test

Everything you always wanted to know about the Charpy impact test
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Instrumented Charpy Impact Test : Load Diagram

25 . l
- ductile crack initiation
T, \\\‘ fracture surface
\\\\\ \ F, V-notch
— l V/‘&\\ \\\\\\\\\\ ductile crack extension
=2 15 - / %
= \
'g cleavage fracture
O 10 i initiation & propagation
. (ma{\o(\z
Characteristic loads Aips O
F,, (general yield load) > =
F,., (maximum load)
F, (unstable fracture load) 0 | . il
F. (arrest load) 0 1 5 3 4

time (ms)



Parameters from instrumented Charpy curve : SFA & tensile yield
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Parameters from instrumented Charpy curve: Cleavage Fracture Stress & Typr
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Parameters from instrumented Charpy curve : Master Curve
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Parameters from instrumented Charpy curve : J.—Curve
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The Central Role of the Charpy Impact Test
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Summary and Conclusions : RPV Surveillance : Belgian Practice

® Surveillance programs of the Belgian reactors - two reports per surveillance capsule :

> First report : Regulatory surveillance based on the RT,yr concept (typically, Charpy impact tests
and a few tensile tests)

» Second report : Enhanced surveillance - enhanced reliability

Additional tensile tests in a wide range of test temperature, sometimes at other strain rates

Specimen reconstitution (precracked Charpy specimens) for fracture toughness tests in the
transition and at upper shelf temperature (operation temperature)

= Radiation damage modeling and embrittlement trend curves

® Property-to-property correlation (tensile, Charpy impact and fracture toughness) and
modeling

® Increased reliability in the surveillance database in the perspective of long term
operation (LTO)

® Database supported by MTR data (mainly BR2)
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Embrittlement Trend Curve

=» Physically-based embrittlement
trend curve accounting for
material variables (Cu, Ni, P) and
irradiation variables (¢, @, T, .4)

=» Continuous development and
improvement of the model with
the support of MTR BR2 data and
reliable databases
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