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Introduction

At KIT the severe accident of PWR cores are investigated in the QUENCH program.

Emergency cooling of the overheated reactor core results in oxidation by steam of
the zirconium alloys used as fuel rod cladding material:
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Influence of hydrogen enrichments on the mechanical properties of fuel

claddings
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QUENCH-LO:

The rods which do not show hydrogen
enrichments fail after plastic
deformation.

The rods containing hydrogen
enrichments fail by double rupture in
the hydrogen bands or by stress
concentration at edges of the burst
crack
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Neutron Imaging .\\_‘(IT
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Neutron Imaging
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Neutron Imaging ﬂ(".

Karlsruhe Institute of Technology

primary neutron

beaml,
on beam
behind the sampld

21000
" 20000 R I
_
& st T | eXp(stotal S)
(0}

0]
18000
0 500 1000 1500
Distance (pixels)
M. Grosse: Pohang (Rep. Korea) July 22 2016 Institute for Applied Materials

Program NUSAFE



Ex-situ neutron imaging

Ex-situ calibration neutron radiography
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EX-situ neutron imaging ﬁ(".

Calibration neutron tomography 2% S
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Ex-situ neutron imaging
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EXx-situ neutron imaging

_| ——corner rod A, Zry-4, withdrawn after the test
corner rod rod B, Zry-4, withdrawn after pre-oxidation phase
corner rod rod C, E110, withdrawn before quenching

—¥— corner rod rod H, E110, withdrawn after the test

—@— cladding tube 24, ZIRLO, withdrawn after the test
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Differences between the materials

Differences for different sample
shapes /solid rod and tube

Axial hydrogen distribution in corner rods and a cladding
tube of the large scale tests QUENCH- 06, -12, -14 and -15
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Ex-situ neutron imaging ﬂ(".

Neutron radiography and tomography of rod
QUENCH-LO-#01 cladding
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EXx-situ neutron imaging
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- No significant dependence of the hydrogen solubility on the alloy
- Faster hydrogen diffusion in Zr-2.5%Nb than in Zry-2 due to the b phase
network in Zr-2.5%Nb
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In-situ neutron radiography ﬁ(".

B Temperatures: 1123, 1173, 1273, 1373, 1473 and 1573 K
® Neutron radiography measurements:

® ICON at SINQ, 120 and 20 s illumination per image
® ANTARES at FRM-2, 10 s illumination per image

® INRRO furnace:
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Calibration i Effect of Hydrogen

Sieverts” law:
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Calibration i Effect of Hydrogen
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Calibration - Effect of Oxygen -\\J(IT
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Zry-4, 1373 K E110, 1473 K
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Zry-4,1273 K
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Results data correction -\\J(IT
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Very fast hydrogen
uptake at the beginning

Later the hydrogen
concentration
decreases with time

Enhanced hydrogen
uptake due to
breakaway
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Hydrogen diffusion ﬁ(".

Hydrogen diffusion into a solid Zry-4 cylinder (4 =12mm, | = 20 mm) at
1100°C (time ratio: 1 : 100)
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