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1. Introduction
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Thermal power and cumulative energy due to radionuclide decay heat and Zr-based cladding oxidation
heat during a short-term station blackout [K.A.Terrani, 2018]



1. Introduction

Temperature [°C]

1600 1500 1400 1300 1200 1100 1000
: T T T T T T 1 - ’wwmﬁ.‘-:: v

gw ] 304SS - Brassfield et al.
S T R e e e Do r

g i Zr-4 - Pawel-Cathcart :

E’ E Zro2 84 kJ/mol |

= T 176 kJ/mol

') 10" e e, & =

= 3 3

8 : ‘

Q APMT (FeCrAl) - Pint et al. : )

E 10° 4 - 310SS - Pintetal. |

_g § 1 Cr203 3

© . :

(@]

[T T W, S, B W NN W SO . z 4

[e) 3 SiC - Terrani et al. : . =

R sio, } i £y — 2 um
. oo seam ress B

- 7 i i
,&Q.‘IO T T T T T T | T T T
0.55 0.60 0.65 0.70 0.75 0.80
1000/T [K]
Parabolic oxidation rate as a function of Typical micrographs of chromium coatings

temperature [K.A.Terrani, 2018] [J.C.Brachet, 2014] 4



2018]

term SBO considering ballooning [A.Gurgen
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Ballooning of Cr-coated
cladding[D.Park, 2016]



1. Introduction
Before Ballooning & Burst

* Ballooning & Burst occurs at 700~800C also for Cr-coated cladding

Cr-Coating

e Inner side of cladding is oxidized after ballooning

e Embrittlement of Cr-coated cladding with high temperature oxidation

* Rupture due to embrittlement may lead to leakage of nuclear fuel After Ballooning & Burst

Steam

ECR limit and additional time for accident mitigation time of Cr-coated
cladding were derived from post-LOCA experiments




2. Experiments — Oxidation Facility & Materials
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2. Experiments — Post-oxidation Analysis
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2. Experiments - Oxidation
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* Cr-coated specimens and reference
uncoted specimens were oxidized for

Temperature(TC)

adb 200~1800s and quenched with boiling
o Quenched with Boiling Water water
 ECR was obtained from weight gain
200 measured before and after oxidation
0 ' ' : ' ' ! ' — 1 T 1 . -
0 200 400 600 800 1000 1200 1400 1600 1800 2000 » Cr-coated specimens were oxidized

Time(s) about half compared to the uncoated
specimens oxidized for the same time

Oxidation time
Oxidation Experiments
200s 310s 450s 620s 925s 1200s  1800s

Cr-coated Zr-4 6.75 8.24 9.50 11.66 13.83 15.53 19.49

ECR(%)

Reference Zr-4 13.23 16.55 18.95 22.72 27.38 31.09 38.76




2. Experiments - Oxidation
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Oxidation Time(s) ECR(%) H picieup(Wppm)
200 6.75 15.7
Cr coated specimens
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Reference 200 13.23 11.6
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* No oxygen penetration though
Cr coating was observed

* Oxygen content distribution
could be well predicted with
TRANOX compared to EPMA
results

e Hydrogen pickup by oxidation
was negligible
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3. Results — Ring Compression Test
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e Cr coating enhanced as-received
cladding strength

e Cr-coated cladding showed
better fracture strain and load
compared to uncoated cladding
oxidized for the same time(200s)

« However when compared with
similar ECR specimen, Cr-coated
cladding showed lower fracture
strain and load
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3. Results — Time vs Offset Strain
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 ECR could be predicted quite
accurately with TRANOX

* Cr coating prevented
oxidation well as ECR of Cr-
coated specimens suit one-
sided oxidation

e Offset strain, one of the
ductility criteria, decreased
with oxidation

e Cr-coated cladding showed
better offset strain compared to
the uncoated cladding oxidized
for the same time
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3. Results — ECR vs Offset Strain
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3. Results — ECR vs Brittle Transition Factors
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3. Results — Stress during Ring Compression Test
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3. Results — Oxygen content Distribution Difference
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3. Results — Accident Coping Time based on Cladding Ductility
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» Conservatively, the embrittlement limit could be applied as a signal for entering severe
accident

e Total 12 min additional margin was secured with Cr coating in terms of DBA

* Two-sided Cr coating may be necessary to maximize the coating performance
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4. Conclusion

 ECR limit and additional time for accident mitigation time of Cr-coated cladding
were derived from post-LOCA experiments

» Two-sided Cr-coated is an option for improvement to fully utilized the coating
concept in terms of cladding embrittlement and core melting

e Accurate ductility assessment should be conducted and quantitative limit based
on ductility should be set for the two-sided Cr-coated cladding, and the different
brittle mechanism should be analyzed
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