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Restriction Criterion of High-burnup Spent Fuel Assemblies during Transportation

FANG Jun’, LI Yaru, LIU Jiatai, SUN Yanyu

(China Nuclear Power Engineering Co., Ltd., Beijing 100840, China)

ABSTRACT: The work aims to study the factors affecting the cladding temperature variation of spent fuel assemblies
during transportation to determine whether there are restrictions on the thermal load and loading position of high-burnup
assemblies in spent fuel cask. The radial heat transfer of the spent fuel cask was simplified into the heat conduction of a
cylinder with internal heat source to carry out theoretical analysis, and the CFX software was used to carry out
three-dimensional temperature field analysis to further prove the conclusion of theoretical analysis. The difference in
atmospheric environment temperature between hot condition and cold condition, the solar radiation and the decay of
thermal load over time were the main reasons for the variation in cladding temperature. The difference in cask temperature
gradient introduced by the deviation of thermal load between hot condition and cold condition was offset by the effects of
the increase in thermal conductivity of the material selected for the cask and the spent fuel assembly with the increase in
temperature and the enhancement of thermal radiation with the increase in temperature. The variation of the cask external
surface temperature basically determined the variation of the cladding temperature, and the former was related to the

combination of the emissivity and solar radiation absorption ratio of the cask external surface and might exceed 100 °C.
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Therefore, it was necessary to analyze and demonstrate whether the cask loaded with high burnup assemblies met the

criterion of cladding temperature variation. The emissivity of the external surface of the cask should be as high as

possible, and the solar radiation absorption ratio should be as low as possible. Under an appropriate combination of the

emissivity and solar radiation absorption ratio of the cask external surface, it can be ensured that the variation of cladding

temperature under any thermal load and any loading configuration meets the criterion of cladding temperature variation,

so there is no need to put forward requirements on the thermal load and loading configuration of loading high-burnup

assemblies in the technical specification, which ensures the flexibility of loading.
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between the temperature of cladding under hot
condition and cold condition

DL 25 4 V9 s T B B8 1 2508, e Tl B AR AL R
Al fEMit 100 °C, WA FHEMLT 100 °C. Ik, FEF @
ZIRELB I AR NPT B, X T2 3 ARE AL R A 2 38
T, WL SE I B AR AR B AT R A AT Rk

2.2 ZHRESZSHN

DIUEBI S T 451 Y PTRETE , B 08 AN [ 4
T BITE oL, (T CFX BT = 4Eil B2 37 0 i,
A W 7 it B AR AR JEE 5 AT Y S 2R o D PRUIE S P
12 I 2R BT S B RAE A, BRI FOAY T DO BT R
T3,
221 AREBEETHREESAATHXER

CFX BT BT A7 T 0L FH A 2 S 3R K I
FRATC LR 0.36, FHE T A CEX ARAHTE TN
AN R 2 ERA A0 — 2, R IiZE A
1k 2 °C, X BEARG A AZ AR ) A T AT AR HER . f52
T AR AR BEAR T4 e AR T R AR AR, ks 1 B
WOPTBEE . AARAIEETE s, BRI =4,
HE S B R A ROBHMA 1 Ty 2T Bk A RAE 24
WESEBRIIEPRRPE . CEX BRIF RIS SRR, A
PR 1) 17 SR B T 5 Z OB R BB I 2H 5 ) =
i TG T8 Fh TR T i 22 12%5 | AR N
IR REZEE, T IR S R BT BE T g i A R LA %
AT S e Tk 32 v T SR ) SO DT £ 5 U
JEE AR AR FE A5 7 e S R T il P A AR B AT 2 X
TR AR S A T A S8 3 R B 8 S i i b A
B 1 Ao R AL A IR L AT L, T A 4 4
A e BRSSP AR LR L i 100 °C.

222 FEHHFHER

ERXt 3 FhAEW A S, B CFX TR =
AEIREEZ 0T, 0 12 2 1 kW 19 = SR 2H 12 3
TEFCHPD B 1220 1 kW 1 = R 125 2 e B A



- 256 f1 %% T 72

2025 4 3 H

8 4 1| kW [ Z MRBHE e A e e, TR
W2, MR 2 AT, AR EE 0 A A 5 T B A AR
FE 5 BUE DOAR 2, WEAIR T 25 A% A0 3% IR AR AL R
BE o X FEYPRM T, E 3 A, &SR
KRR SR R 0.36 BIARRANERI, WreihE
AR IR FE N 89 °C, KT 100 °CRYFRHIvEN] . 3 2 1
B3 BRI, SERRE i nT U, JO X2
O R BR, PRIE T 2 BRI

x2 FEFRRINEFTEETUEEN CFXIHEER
Tab.2 CFX results of cladding temperature
variation of non-full-loading cases
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