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Abstract

In general, conventional criticality analyses for spent fuel transport/dry storage systems have been performed
based on assumption of fresh fuel concerning the potential uncertainties from number density calculation of
Transuranic and Fission Products in spent fuel. However, because of economic loss due to the excessive criticality
margin, recently the design of transport/dry storage systems with Burnup Credit(BUC) application has been actively
developed. The uncertainties in criticality analyses on transport/storage systems with BUC technique show strong
dependance upon initial enrichment and burnup rate, whereas those in the conventional criticality evaluation based
on fresh fuel assumption do not show such a dependance. In this study, regulatory-required uncertainties of the
criticality analyses for BK 26 Cask, which is conceptually designed spent fuel transport cask with BUC corresponding
to the limiting circumstances on nuclear power plants in Korea, are evaluated as a function of initial enrichment and

burnup rate. Results of this study will be used as basic data for spent fuel loading curve of BK 26 Cask.
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Fig. 1. Disposal canister of Korea reference disposal system.
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Fig. 2. Disposal canister of Korea reference disposal system.
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Table 1. Dimension and number of disposal tunnels.

Parameter Linear Regression Analysis | Student T Test Trend
Enrichment(wt%) | 0,9919 + ( 1,9473E-03)*X 1.658 5.7994 Yes
Rod pitch(cm) 0.9996 + (-8.3282E-04)*X 1.658 -0.5910 No
Dancoff 0.9988 + (-3.0982E-03)*X 1.658 -0.6411 No
F - A pitch® 0.9966 + (4,4324E-04)*X 1.658 5.6789 Yes
AEG(ev)” 1.0170 + (-5.4973E-04)*X 1.658 -1.9384 No
AEF(ev)”) 0.9976 + ( 2,2862E-03)*X 1.658 2.0203 Yes
(fi‘r;fl’t‘;(;ﬁﬁ) 0.9926+ (9.870SE-02rX | 1729 | 32873 Yes
a) Fuel Assembly Pitch, cm
b) AEG : Average Energy Group causing Fission
©) AEF : Average Energy for Fission
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Fig. 4. Disposal canister of Korea reference disposal system.
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Fig. 6. Disposal canister of Korea reference disposal system.

Table 2. Dimension and number of disposal tunnels.

Parameter Equation Data®) Uncertainty
Enrichment | ® 0,0148-(1,9473E-03)*X (X ( 4.159)
0.95~2.00 0.01022
(Wi%) ® 0.0067 (X > 4,159)
Rod pitch(cm) - 1.26 0.00921
Dancoff - 0.271 0.00921
P ® 0.0101 - (4.4324E-04)*X (X ( 7.583) 13
F - A pitchb . 0.00952
PIETT " o 00068 (X > 7.583)
AEG(ev)d - 34.90 0.00921
® 0.0118 - (2,2862E-03)*X (X ( 1.063)
AEF(ev)d 0.187 0.01137
® 0.0094 (X = 1.063)
Boron areal | ® 0.0152 - (9.8705E-02)*X (X { 0.075)
density(g/cm) @ 0.0080 (X > 0.075) 0.0677 0.00872

BURNUP (GWD/MTU)

Fig. 5. Disposal canister of Korea reference disposal system.

a) Design Value of BK 26 Cask

b) Fuel Assembly Pitch, cm

¢) AEG : Average Energy Group causing Fission
d) AEF : Average Energy for Fission
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Table 5. Properties of alternative disposal concepts for CANDU spent fuels.

RER e ALRITAR F
74] ]% LH 3 1697H‘4 U A ]—E < BK Burnup Axial Height (Node 01 ~ 09)
Aol A A E A O 5 o] =H}5 =N = (GWD/
26 Cask AAI5/4E 1188k 1,06271 2] ZWaF JAAFEIAEE MTU) | 0028 | 0.083 [ 0,139 | 0.194 | 025 | 0306 | 0.361 | 0,417 | 0.472
312 3 01-* _Li7 ¥ 27 = 1 AT 7].0] 3} 18 > 46 0,670 | 0,943 | 1,049 | 1,069 | 1,081 | 1,074 | 1,078 | 1,076 | 1,068
dEstel, A H 271 w5 A kel it 42-46_| 0.687 | 0.946 | 1.046 | 1.067 | 1.077 | 1.073 | 1.075 | 1074 | 1063
7he] Evbek 71 A I8k &l A 2l SNF2Q] Subset %2 AlAFs} 3842 | 0.682 | 0.947 | 1.047 | 1.069 | 1.081 | 1.074 | 1.078 | 1.076 | 1.069
34-38 0,673 | 0,943 | 1,046 | 1,073 | 1,082 | 1.079 | 1,079 | 1,077 | 1.073
R . ) ) 30-34 0.667 | 0.940 | 1.048 | 1.075 | 1.086 | 1.082 | 1.084 | 1.081 | 1.075
Table 3. Properties of the modified CANDU disposal container. 2630 | 0.644 | 0.935 | 1.050 | 1.080 | 1.095 | 1.089 | 1.092 | 1.089 | 1.081
22-26 0,657 | 0.943 | 1,055 | 1.085 | 1.097 | 1.091 | 1.092 | 1,088 | 1,081
Ttem Value Caleulation ground 1822 [ 0.666 | 0.948 [ 1.060 | 1.086 | 1.099 [ 1.091 | 1.093 | 1.089 | 1.078
Initial . ® 1SG-8(NRC) requirement : less than Swt% 14-18 [ 0,622 [ 0,925 | 1,058 | 1,098 | 1,118 | 1.112 | 1,114 | 1,109 | 1,098
. Swit% . . . L . - 10-14 0,577 | 0,901 | 1,055 | 1,100 | 1,136 | 1,122 | 1,134 | 1,129 | 1,110
enrichment ® FSAR of Ulghin 1,2 unit : loading 4.5wt% 0610 10599 | 0.920 | 1.068 | 1118 | 1133 | 1.128 | 1.124 | 1.117 | 1.107
_ ® [AEA-TEDOC-1013/1547 : Average pellet temperature of {06 0,602 | 0,917 | 1.059 | 1,110 | 1,125 | 1.127 | 1,124 | 1,119 | 1.113
ue . X
emperature 1,100K 1,000 ~ 1,100K is conserv at.ne Bumnup Axial Height (Node 10 ~ 18)
® NPP FSAR : 1,085K as maximum value (GWD/
T 0.528 | 0,58 : 04 1 1 972
©® JAEA-TEDOC-1013 : core maximum outlet temperature MTU) 2 0.583 | 0.639 | 0.6 0.750 | 0.806 | 0.861 | 0917 | 0.97
Moderater o o . > 46 1.072 | 1,066 | 1,067 | 1,066 | 1,057 | 1,047 | 1.005 | 0.882 | 0.632
temperature 600K | ® FSAR of Ulghin 1,2 unit : Maximum outlet temperature 4246 | 1.071 | 1.065 | 1.066 | 1.064 | 1.054 | 1.044 | 1.002 | 0.834 | 0.638
is SO8K 38-42 1,072 | 1,066 | 1,067 | 1,065 | 1.056 | 1,044 | 1.000 | 0.878 | 0.630
. . 34-38 1.074 | 1,071 | 1,070 | 1,068 | 1.059 | 1,045 | 0.999 | 0.876 | 0.614
b - - : a a ;
Soluble 915ppm IAEA-TEDOC-1547 : 600ppm as cycle average density 3034 | 107 | 1072 1ot | 1069 | 1058 | 1044 | 0995 [ 0.868 | 0.607
boron ® NPP FSAR : 913ppm as average value 26-30 | 1.084 | 1.077 | 1.077 | 1.075 | 1.061 | 1.045 [ 0.990 [ 0.854 | 0.582
® ISG-8(NRC), NUREG/CR-6747 : 9 series of actinide only 22-26 | 1.081 | 1.075 | 1.073 1822 1.058 | 1.039 | 0.984 | 0.851 | 0.580
. . 18-22 1.081 | 1.071 | 1.070 | 1 1.050 | 1.034 | 0.979 | 0.845 | 0.59
SNF nuclide | Actinide | @ DIN 25471/25712 : Nuclides which have (-) reaction 1418 1:100 l: 090 1: 087 l: 080 1: OZO l: 023 O;Zé 0804 O: ;;g
can be applied(require confirm) 10-14 | 1,117 | 1.100 | 1.100 | 1.094 | 1.065 | 1.037 | 0.951 | 0.777 | 0.494
06-10 1,101 | 1.093 | 1.086 | 1.078 | 1.062 | 1.031 | 0.956 | 0.791 | 0.487
{06 1,106 | 1.097 | 1,088 | 1.075 | 1.058 | 1.026 | 0.957 | 0.801 | 0.498
Table 4. Properties of alternative disposal concepts for CANDU spent fuels.
Burnup Kot ca(95%) 0.020
(GWD/MTU) | 1.5wt% | 2.0wt% | 2.5wt% | 3.0wt% | 3.5wt% | 4.0wt% | 4.5wt% AB=25wt%
0 0.81219 | 0.89585 | 0.95578 | 1.00208 | 1.03857 | 1.06829 | 1.09352 ®E=3.0wt%
10 0.91438 0.016 [~ &E=3.5wt%
12 0.90352 - mE=40wt%
X 3 *E=4.5wt%
14 0.89322 oo Bwt
16 0.88257 L -
18 0.87222 | 0,91701 Eﬁ .
20 0.90679 [ 0.008 .
22 0.89649 K . e
24 0.88704 & e o ™
2 0.87756 | 0.91641 3 oo S
28 0.90684 N 0" ®
30 0.89785 0.000 .
32 0.88925 el
34 0.88054 | 0.91498
36 0.90596 ~0.004 - - . .
38 0.89759 0 10 20 30 40 50
40 0.88%91 BURNUP (GWD/MTU)
42 0.88087 | 0.91274
44 0.90405
%6 0.89588 Fig. 7. Disposal canister of Korea reference disposal system.
48 0.88798
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Table 6. Dimension and number of disposal tunnels.
Item Dimension/ Value Used In Analysis
Fuel pellet OD) 8.19£0.013mm 8.19mm
UO, initial enrichment | 1.00.001wt% ~ 4,5+0,002wt% 1.0~4.5wt%
UO, initial density 10.41240.005g/cc 10.412g/cc
Fuel clad ID¥ 8.3620.038mn 8.36mn
Fuel clad ODY 9.50£0.038mm 9.50mm
Receptacle(Basket) wall 5.00£0,25mm 5.00mm
Absorber plate thickness 5.00£0.25mm 5.00mm
Sheath over absorber 1.00£0.05mm 1.00mm
1) WH 17x 17 RFA
0.010
0009 AB=25wt%
o A ®E=3.0wt% _
s 0008 *E=3.35wt%
el A A
@ 0.007 A BE=40wt%
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Fig. 8. Disposal canister of Korea reference disposal system.
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Table 7. Properties of alternative disposal concepts for CANDU spent fuels.

Burnup Ak(Total Uncertainty)

(Gwd/MTU) | 1.5wt% | 2.0wt% | 2.5wt% | 3.0wt% | 3.5wt% | 4.0wt% | 4.5wt%

0 0.02206 | 0.01868 | 0.01905 | 0.01701 | 0.0169 | 0.01732 | 0.01676

10 0.03713

12 0.03767

14 0.03734

16 0.03774

18 0.03838 | 0.03479

20 0.0349

22 0.03687

24 0.03709

26 0.03749 | 0.03643

28 0.03905

30 0.03707

32 0.03785

34 0.03814 | 0.03774

36 0.04012

38 0.03913

40 0.0413

42 0.04039 | 0.03912

44 004115

46 0.04411

48 0.04527
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