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Abstract

Quantitative analysis on release behavior of the *Kr and ™C fission gases from the spent fuel
material during the voloxidation and OREOX process has been performed. This thermal treatment
step in a remote fabrication process to fabricate the dry-processed fuel from spent fuel has been
used to obtain a fine powder The fractional release percent of fission gases from spent fuel
materials with burn-up ranges from 27,000 MWd/tU to 65,000 MWd/tU have been evaluated by
comparing the measured data with these initial inventories calculated by ORIGEN code. The
release characteristics of *Kr and **C fission gases during the voloxidation process at 500 °C seem
to be closely linked to the degree of conversion efficiency of UO, to U;Og powder, and it is thus
interpreted that the release from grain-boundary would be dominated during this step. The high
release fraction of the fission gas from an oxidized powder during the OREOX process would be
due to increase both in the gas diffusion at a temperature of 700 °C in a reduction step and in U
atom mobility by the reduction. Therefore, it is believed that the fission gases release inventories
in the OREOX step come from the inter-grain and intra-grain on UO, matrix. It is shown that the
release fraction of *Kr and '“C fission gases during the voloxidation step would be increased as
fuel burn-up increases, ranging from 6 to 12%, and a residual fission gas would completely be
removed during the OREOX step. It seems that more effective treatment conditions for a removal

of volatile fission gas are of powder formation by the oxidation in advance than the reduction of
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spent fuel at the higher temperature.

Key words : DUPIC, Spent fuel. Voloxidation, OREOX, Oxidized powder, Fractional release
percent, ®Kr, “*C,
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Fig. 1. Schematic diagram of apparatus for the analysis of
volatile and semi-volatile fission products release
behavior.
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Fig. 2. Flow diagram of the measuring system for fission
gases released from the voloxidation and OREOX
processes.
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Table 1. Characteristics of spent PWR fuels used in this study
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Fig. 3. Burn-up distribution of K23-M03 spent fuel rod.
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Table 2. Burn-up characteristics of spent PWR fuels used
in this experiment
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Table 3. Test conditions for the release of “Kr and “C
fission gases during voloxidation and OREOX process
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Fig. 4. Qualified process flow chart of the DUPIC fuel fabrication.
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Fig. 5. Variation in weight gain of oxidized powder with
spent fuel burn-ups.
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Fig. 7. Release characteristics of Kr fission gas with
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700

Count rate of *Kr (CPS) -
3

0 1 2 3 4 5 6 7 8
Operation time, h

hohaus

Fig. 6. Typical rel of 85Kr from K23-M03
spent fuel during the 1st voloxidation.

46-

N

woR

Cumulative release % of “Kr (%)
3

o W o~ & @

Operation time, h

Fig. 8.Cumulative release fraction of “’Kr fission gas with
spent fuel burn-ups during the 1st voloxidation.




Release Characteristics of Fission Gases with Spent Fuel Bum-up during .-

TroA HEo] AlREIY, ol AAET) g
Agole £571 500 Tl = F o 2A17H5¢ 9
dE ¥ gdozre WEHE Aoz Uehtx
T 1AAE AARY AeAE F 44 A A
=22bele
He EAJe =9 ®Kro] 3k (inventory)
zpo] Hut olujE} AT A HRFD7|H 9] W&
HAYE] ezt olslth= AL ofvjditt. & 1
2% A5 A HEG7A 9 A (grain-
boundary)£9] o]FAde] tha Fof A W&ol
o, olgd WEES ¥ ¥ Ao gud
Fig 9% 500 C¢] st3A A ALEF s 2R
B “C AFo| NEAT S BN A2 25} A
Zroll w2 NaOH F=&- ) “C 3 F 9] whAabs w3l
% L}E‘r"“ Aot} 2 elA Bi= v} Fo] HC AF

£ AT “Kr AF o HE 5T A FABEA
E}.

Table 7& HAAE 27,000 ~ 65,000 MWd/tU B¢
o] ARRFHAARE o3t 500 T, SAIZEY 4t}
Z A (voloxidation) ¢ 2 HH #3F ¥Kr & “C HEF
71A 9 B FE &S AT AR2A, B uFH

o

32

Exo

L

-

od 2

ERLRE D

Table 7. Release fraction percent of *Kr and "C fission
gases during 1st voloxidation process at 500 'C,5 h

N it e 580
o, (MWdAU) 8Ky e
VI-1 27300 77 75
VI-2 35,000 6.6 12.0
VI3456° | 65000 17.6 150 |

*:VT-3,4,5,6 9378 3& £-&9) B4

Activity of “C in gas phase (Bq/L)

0 1 2 3 4 5 6 7 8 9 10
Operation time, h

a2 73 e g Ik £ Aol
A% 27,000 ~ 35,000 MWd/tU W olo] A3
859 A9, HT HE BEL 6 ~8%olAT 1

T AR (K23-M03, 65,000 MWd/tU)S] B¢+ 1
~ 17 %2 ¥ YEgE d), ol#jd BE A% 54
a}ol & th-2 3 2o} AT 4 Qik

AR AR AV ALE HEE7A
o AAFY ¥ E4L B9 U0, EA(matrix) 2
2E QA &t - olFHo] EA% A-¢ (grain-
boundary inventory), R W] Ex3E ¢
(Inter-grain or Intra-grain inventory), QA2 ©]5%
71A) bubble®] &itol ofg HAT -9 BH gapo 2
0] %(Gap inventory)dte] EX 3= Ao|t}21, 22],
welA gapoll EEE YR A7|A = ARTAGES
Ao g 3E 55 Ao g gobdn, wets AR
TAEA d3tE BY dRAIE 8~ 12 mAFE

D A

[\S]

200
700

p 600
500
00 £

300

Count rate of **Kr (CPS)
3

200

p 100

o
0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

Operation time, h

Fig. 10. Release characteristics of *Kr fission gas with
spent fuel burn-ups during the OREOX process (VI-1, 2,
and 3).
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Fig. 9. Release characteristics of *C fission gas with spent
fuel burn-ups during the 1st voloxidation(VT-2, 3).
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Fig. 11. Release characteristics of 'C fission gas with
spent fuel burn-ups during the OREOX process (VT-2, 3).
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Table 8. Release fraction percent of *Kr and "C fission
gases during 1st voloxidation and OREOX processes

diw |132FEA] OREOX 24 | 2Wa¢

A% No
‘_"]Tg ‘ (MWCVtU) ssKr mc “Kr MC asKr mc

VT-1 | 27300 | 7.7 | 75| 792 | 72.1 | 869 | 79.6
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Fig. 12. Cumulative release fraction of *Kr fission gas
with spent fuel burn-ups during the OREOX process.
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Fig. 14. Release characteristics of *Kr fission gas under
different atmosphere conditions [VT-7, 8].
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