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Direct disposal of spent nuclear fuel (SNF) in deep underground repositories (hereafter “direct disposal”) is a concept that disposal
canisters stored fuel assemblies dispose without reprocessing. Behavior of radionuclide release from SNF must be different from that
from vitrified glass. The present study established a methodology on determination of instant release fraction (IRF) of radionuclides
from SNF, which is the one of the parameters on radionuclide release based on the latest safety assessment reports in other countries,
especially for IRF values proportional to a fission gas release ratio (FGR). Recommended and maximum values of FGR have been
estimated using the fuel performance code FEMAXI-7 after collecting FGR values on Japanese SNFs. Furthermore, recommended
and maximum values of IRF for Japanese SNFs used in a pressurized water reactor (PWR) have been estimated using the presently
obtained FGR values and experimentally obtained IRF values on foreign SNFs. The recommended and maximum IRF values obtained
in the present study have been compared with those of the latest safety assessment reports in other countries.
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Fig.1 Schematic illustration of the microstructure of spent

fuel and the distribution of actinides, fission and
activation products following burn-up in a reactor
(after [1]).

Red labels indicate nearly instantaneous release upon
contact with water; blue indicates slower release rates.
An = actinides and Ln = lanthanides in solid solution
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Fig.2 Schematic of prediction of instant release fraction (IRF) and fission gas release ratio (FGR)
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calculated and measured FGR values.
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Fig.5 Estimation of maximum FGR values at the expected
maximum linear heat generation rate (MLHGR).
Dashed, dotted, and dash-dot-dash lines
MLHGR limit (44 kW/m), extrapolation of FGR for
typical fuel types, and extrapolation of FGR for the

denote

most pessimistic case of BWR SNF, respectively.
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4.3 IRF OFFEICHEAT % FGR OFE

U EOREREEEE 2, TEHEASE 1 kI £ L) [3]
DLV7 7 LA —ATH% PWR HHFEBRE (REEE 45
mwmm)émz,ﬂm%ﬂﬁﬁé’kkbt1@3V
R UT2 & 00T, R IRELD FGR ITSEHE AR DRI
@ﬁtofmé IW@%@%M@WGR@N%@%%@#
BHIDITIE, B OxG L e BEAEREHZ OV T,
@ﬂ_km%ég@%mﬂﬁﬁkﬁék%z%né.L#
L6, ENA——0 BHEOBRBHER (RO IR 35 &
LI L7 IR [S0NZ RO o T2 b DD, AR S T
R B BRI I L7 STEP2 #%8H% L < 1% STEP3 #5k}
D072, R RRGHIARSC & 572 5 MR Sk & <
% R U 7oA BB D B AR BTG L 72 BN e D o
t.:@:&#5,%ﬂﬂﬁi&@%$ﬁﬂﬁﬁf%é&
WOREZ B2 9 2T, EHLS OVEREFAG I 22272
FGR ORFMHAFAMT 52 & & LTz,

4.1 #iCilk~7= PWR EWNEFFREL O MR BR CH b

Table 1 Tentative mean and maximum FGR values

proposed for PWR spent fuels

FGR [%] Number of
Fuel type generated SNF
Recommended | Maximum .

assemblies
15X15 1 1 a'l
17X 17 STEP1 1 1 a’l
17X17 STEP2 2 17 a’l

For all PWR spent
(Fmean :) 2.0 (Fmax :) 7.0 3a
fuels

* Assuming same numbers among all reactor types.
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T’W*EW'HC’“E DFGR DEE LT, 15X15ABIUN17X
7 BITIX, Fig3(a)lldsi) DHRBERE 45 GWd/tHM BL T O
{EMﬁ@ MiEBEI, HERER L OB KMo WT o0
TH 1%E L7z, —J5, 17X17STEP2 T, Fig3)lls
VT D PERBERE 45 GWA/tHM LT O FERME T 1 %% i 2 2 EAH
RondZEnt, #HEREEZ 2 %IRETHEEBIT,
Fig.5()C S K 17 %I E LT, £7-, 2k
%92 FGR OHELHE & e KAEIE, SRR e £
DEMREL, RATRIMELEHICIVHEH L.

HESEAE © Frnean =2 (F(std)k X Wi)/ Y Wi
B RAE ¢ Finax = 2 (F(max)k X Wi/ D Wi

(M
@

T2, Fmen:  FREURUZKTY 2 FGRIESEE O INE
FHE,
Foa: S BB 6 2 FGRIEE K E O HNE
FEHIH,
Wi BREPIk o 5 A5,
F(std)  #REPU kD FGRHELHE,

F(max): ZREPRZC k @ FGR KA

BH L7 #E5% Table 1 1273, FRROFEICESX,
DOMNENZEIT D IRF O EIZE T 5 FGR OHELHE L 2.0 %,
BB 7.0 % E B &=,

5 PWR BERFBRMICHT D IRF OF|E

PWR fi I REHI 2 IRF OHERE R L OKAEIC
DOWT, FAMEOL RS E TROE SALE & g T
5T Table 2 |Z/R L7z, LATICZENZROMEA M L
ToARML A R

5.1
JTHRZ

FGR L +ARERARM H B TR
"E D IRFIZOWTHBT 5729, Ji# X O IRF i

Table 2 Proposed FGR and IRF values of various elements compared with those selected in European safety assessment

reports
Country Japan Switzerland Sweden Finland
Project name (coc frf;ee‘: ded) (mI; r;if}ﬁ;q) EN2002 [2] SGT-E2 [8] SR-Site [5] | TURVA-2012 [6]
Reactor type PWR PWR PWR-UO, PWR PWR
Burnup 45 [GWd/tHM] 48 [GWd/tHM] | 54~64 [GWd/tHM] | 60 [GWd/tHM] 60 [GWd/tHM]
FGR [%] 2.0 7.0 1 1.8 43 —
C from SF | 10.0 14.0 (= 11+3) 10 10 11 5.5
Cl 6.0 (= Fmean X 3) 24.0 (= Fax X 3+3) 10 54 13 8.2
Se 1.0 7.0 (=4+3) 4 0.2 0.65 0.4
I 2.0 (=Fpem X1) 10.0 (= Finax X 1+3) 4 5.8 43 5.0
S Cs 1.2 (= Frnean A3) | 7.0 (= Faux A[3+3) 4 5 43 5.0
E Sr 1.0 4.0 (= 143) 1 1 0.25 1.0
- Te 1.0 5.0 (=2+3) 2 1 0.2 1.0
Pd 1.0 5.0 (=2+3) 2 1 0.2 1.0
Sn 0.1 7.0 (=4+3) 4 0.1 0.03 0.1
C from metals | 20 40 20 20 20 20
(chemical form) | (organics) (organics) (org. & inorg.) (org. & inorg.) (not specified) (not specified)
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Fig.6 Evaluated IRF of iodine as a function of FGR.

Plots are experimental data taken from [51] (except

for specific notes) and a line is correlation between
IRF and FGR (ditto with later Figures).
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Fig.7 Evaluated IRF of cesium as a function of FGR
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Fig.8 Evaluated IRF of chlorine as a function of FGR

Experimental data have been obtained only for
spent CANDU fuel.
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Fig.9 Evaluated IRF of strontium as a function of FGR
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Fig.10 Evaluated IRF of technetium as a function of FGR
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