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Study on Criticality of Nuclear Fuel Storage Facility
under the Condition of Low Moderator Density

%
Tamotsu OQHUCHI, Yoshitaka NAITO

Department of Fuel Safety Research
Tokai Research Establishment, JAERI

( Received August 7, 1985 )

Criticality safety of fresh or spent nuclear fuel storage for 1ight
water reactors was studied. An idea is proposed to keep subcriticality by
enlarging distance between fuel assemblies in a storage facilities. To
evaluate the effectiveness of the method,neutron muitiplication factors in
a storage facility were caluculated as parameters of moderator density and
pitch size of fuel assemblies with the computer code system JACS developed by
JAERI for analizing criticality safety. In the case of ignoring axial neutron
leakage, optimum moderator to uranium ratio was obtained and the effective
multiplication factors under the condition showed almost same values
independently of pitch sizes of fuel assemblies. The above reascn was

discussed from the point of reactor physics.

Keyword: Criticality Safety, Nuclear Fuel Storage, Multiplication Factor,
Moderator Density, Pitch Size ,  Fuel Assemblies,Computer Code JACS
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Table 1 Energy Structure of MGCL 137 and MGCL 26

Group |[Upper Energy |Lethergy Group [Upper Energy (Lethergy
NO. Boundary width Al NO. Boundary width ~U
26Gr, 137Gr 26 Gr 1137 Gr

1 16487 Mev. T0I125 33 Te 163 Rev | UTZ5

2 | 14550 0125 39 | 14264 | o125

3 | 12840 0.125 40 | 12588 0125

4 | 11331 0125 4 41 | 11108 0125

/] | s | 10000 0125 42 98037 0.125

6 8825 0125 43 86517 0125

7 7.788 0125 - 44 76351 0.125

8 68729 0125 45 67379 0125

9 6.0653 0125 46 59462 | 0125

10 53526 0125 41 52475 0.125

11 47237 0125 48 46309 0.125

12 41686 0125 49 40868 0125

13 36788 0125 50 36066 0125

14 32465 0125 51 31828 0125

15 28650 Q125 5 152 28088 0125

2 |18 252814 Q125 53 24788 . 0125

17 22313 0125 54 21875 ! 01253

1R 19691 0125 55 19305 . 0125

19 17377 0125 §6 | 17036 = 0125

21 15335 0125 57 15034 . 025

21 13533 0125 58 11709 025

22 I 11943 0125 ‘ 59 91188 - 02%

23 10540 0.125 §0 | 71017 623

24 { 93014 Kev | 0125 61 ! 55308 0253

25 | 82085 0125 62 | 43075 | 023

26 | 72410 0125 63 | 33548 | 025

27 | 639.28 0125 64 | 26126 | 023

28 | 56416 0.125 7 165 | 20347 025

. |29 | 49787 0125 66 15846 . 025

7 130 | 43937 0125 67 12341 023

31 | 33774 0125 68 | 96112 ev ' 025

32 | 34218 0.125 69 | 74832 025

33 | 30197 0125 70 | 58295 BCER

34 | 26649 0125 71 | 45400 ~0I3

35 | 23518 0125 72 | 35358 ;025

|36 | 20754 0125 73 | 27338 | 023

4 |37 | 18316 0125 g 171 21445 025
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Table 1 Energy Structure of MGCL 137 and MGCL 26 (Continued)
Group |Upper Energy |Lethergy Group NUpper Ernergy | Lethergy
NO. Boundary width AU NO. Boundary width AU
26 Gry 137 Gr 26 G137 Grl
$ | 10 I67.02 ev 0.25 ;7 10 . 029792 ev |27Cm/ Sec
76 | 13007 025 111 | 027699 270
77 | 10130 025 jf M12 | 025683 270
78 | 78893 025 113 | 023742 270
1179 | 6144z 0.25 114 | 021871 210
g0 | 47.851 0.25 jg R15 | 020090 270
81 | 371267 025 116 | 0.18378 270
82 | :29.023 025 117 | 0.16743 270
83 | 22603 025 20 h18 | 015183 270
jo| 84 [ 17603 0.25 119 | 013700 270
85 | 13710 025 120 | 012293 270
86 | 10677 025 27 121 | 010962 270
| 87 83153 0.25 h22 |'009708 270
88 . 64760 025 123 | 0085295 270
89 | 50435 025 22 124 | 0074274 (270
j;. 80 . 39279 025 725 & 0064015 270
91 | 30590 025 126 | 0054518 270
| 92 | 23824 02s | |23 327 | 0045783 {270
793 | 18554 0125 hor ! 0037811 270
12 94 - 16374 0125 129 | 0030600 270
1 95 | 14450 0125 2% 130 j 0024152 {270
- 96 E 12752 0125 ;31 0018465 1270
13" 97 |, 11254 0125 132 | 0013541 1270
98 | 039312 0125 25133 | 0003379 270
jy 99 1 087642 0125 134 :'o005979 270
100 077344 0125 35 | 0003341  |270
§101 . 068236 0.125 24 [35 or01465  [270
j5,;102 % 060236 0125 |37 | 00c0332 (270
103 © 053158 0125 ] 0000033 ;270
104 | 046912 0125 |
105 | 041399 270 mSec
[61106 | 038325 270
o7 036528 270
108 034206 270
fﬂiloe 031961 270
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Table 2 Fuel specification of TCA
UG, PuQ-UO;
Fuel
. PuO:
Enrichment, wfo 2.5395, 9] 3.01+0.05, (P“—__qu+UO:}
Isotope ratio, w/fo
Uranivm Natural
n] 2.5%5
b 97. 404
Plutonium
WPy —_— 0. 494 (1971-8-19)*
=py — 68.18 (1971-8-19)
wpy — 22,02 (1971-8-19)
Py J— 7.26 (1971-8-19)
gy —_— 2.04 (1971-8-19)
Americium
MAM — 530 ppm (1971-8-16) in PuO:
Impurity content —_— 0. Qﬂig ?3 ppm equivalent boron
concentration in PuO~UQO:
o 2.04 2.07
Pellet
Fabrication method Sintered Mechanically blended and pre-sintered
Diameter, mm 12.50 10.65
Density, gfcm? 10. 40 6. 056 +0. 0715
Stack length, mm 1441.5+3 T06+3
Cladding
Material Al Zircaloy-2
Inner diameter, mm 12,65 10.83+0.06
Thickness, mm 0.7 0.70+0.07

®* Date of zasaying.

Table 3.1 Atomic number densities
Atomic number density at 20°C (x 10 stoms/cm?)
Region Material
2.6 wio UG 3,0 w/o PuO-~UOs
el ¥l — 7. 436 % 101
sy 6. 086 x 10~ 9.393x 107
nayy 2 255 x 10~% 1. 295 x 10°%
py e 2, 000 x 10-%
Fuel Py — 2. 749 107"
topy —_— 8. 843107t
Py —_— 2.903 % 10~
wapy —_— 8. 124 x10-¢
mpm _ 2121 %107
o] 4,725x 103 2. 784 x10°%
Cladding Alumiaum 5. 587x 107! _
(with air gep) Zircaloy-2 . 3.840% 102
H:O 3.338x10°2
Moderator B .
72ppm 4.0246x107
47, - 8.155x10~¢
35 - 1.919xt0-*
554 = 3.082x10~%

*} Date of sassaying; on 1971-3-16.
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Table 3.2 Atomic number densities of 241pu and 2%lam
as a function of time

Elapsed time Atomic number density (X 10** atomsfcm?)
Date (days) 4 241
Pu Am
1971-8-19 0 2.903x 10 2 121 %1077
19724- 1 226 2.819 1.059x10"¢
19734~ 1 581 2. 687 2.374
19744- 1 956 2.562 3.629
19754~ 1 1321 2.442 4, 824
19764- 1 1586 2.328 5. 964
19774- 1 2051 2.219 7.051

Table 4 Name of TCA Lattice

Lactice name H/U or H/Pu Lartice pitch (em)
1.50U 4. 33 1. 849
1.830 5.28 1,955
2.48U 7.18 2.150
3.coU B. 65 2.293
2.42PU 402 1. 825
2.88P U 454 1. 956
4.24PU 703 2.225
5.55PU §21 2.474
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Table 5 Comparison of effective multiplication factors in TCA
Lattices calculated by ANISN-ADC with those by KEWO-4

Critical ANTISN-JR
Patterm i:jl Rod Water ADC KENO-4
i Level(cm) Keff Reff
Lattice Name 1.50 U
18 19 x 19 99,45 0.99334 0.99463 * 0.00463
24 22 x 22 53.23 0.99543 0.99450 * 0.00401
29 25 = 25 40.89 0.99473 0.98707 * 0.00390
Average Kqoff . 0.99450 0.99207 * 0.00418
Lattice Name 1.83 U
14 = 24 85.36 0.99224 0.98910 * 0.00416
15 x 19 139.72 0.99205 0.99062 * 0.00421
18 19 = 19 60.38 0.99387 0.99738 + 0.00544
Average Koff 0.99272 0.99237 = 0.00460
Lattice Name 2.48 U
11 16 x 16 78.67 0.99107 0.93057 * 0.00429%
13 17 = 17 59.96 0¢.99150 0.98829 * 0.00422
18 19 x 19 44.55 0.99160 0.99030¢  0.00422
Average Kaff 0.99139 0.98972 t 0.00424
Lattice Name 3.00 V0
5 16 x 16 90.75 0.99034 0.98783 * 0.00435
13 17 = 17 52.87 0.99123 0.98311 * 0.00375
18 19 x 19 41.54 0.99125 0.99319 t 0,00392
Average Koff 0.99095 0.98804 + 0.00401
Average Keff of UO; System 0.99239 0.99055 to 12 cases
0.99265 to 40 cases
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Table 5 (Continued)
Critical ANISN-JR
Pactern :ﬁ:l Red Date Water ADC KENO-4
. Level(cm) Eoff Keff
Latrice Name 2.42 Pu
26 23 = 23 12-6- 7 59.55 0,99271 0.99699 £ 0.00438
26 23 x 23 75-5-16 66,46 0.99494 0.99302 + 0.00408
28 24 x 24 72-6- 7 53.30 0.99220 0.99635 * (0.00445
28 24 % 24 14-5-14 56.68 0.99429 0.99346 * 0.00419
28 24 = 24 75-5-16 58.36 0.99429 1.00145% £ 0.00445
Average K.¢s 0.99369 0.99625 £ 0.00431
Lattice Name 2.98 Pu
21 20 = 21 72-5-18 67.10 0.99361 0.98949 * (.0039Q
22 21 x 21 72-5-18 61.50 0.99249 0.99847 % 0.00419
22 21 x 21 73-5-22 64,39 0.99400 0.98760 t 0.00424
22 21 x 21 74-5-28 66.87 0.99460 0.99403 * 0.00416
23 21 x 22 72-5-18 57.38 0.9920C6 0.98698 * 0.00377
23 21 x 22 75-5-21 63.88 0.99461 0.99417 + 0,00439
26 23 x 23 74-5-28 51.94 0.99378 0.99538 + 0.00419
23 26 7% 24 75=-5-21 48.68 10.99363 0.99445 * .00436
Average K¢f | 0.93360 0.99257 + 0.00415
Critical ANISN-JR
h 4
Pattern :;Ei Rod Date Water ADC EENOv
*ay Level(cm} Koff ff
Lattice Name 4.24 Pu
20 20 = 20 72-4-13 60.32 0.99332 0.99182 * 0.00405
20 20 x 20 75-5-28 68.18 0.99607 0.99635 * 0.00445
22 21 x 21 75-5-28 59.05 0.9957% 0.99634 * 0.00411
24 22 x 22 74-6- 6 51.74 0.99512 0.99219 + 0.00404
28 24 x 24 75-5-28 45.62 0.99493 0.99931 ;+ 0.00421
Average Keff 0.99504 0.99520 = 0.00417
Lartice Name 5.535 Pu
22 21 = 21 72-4-28 62.05 0.99532 0.99246 * 0.00374
23 21 x 22 72-4-26 58.73 0.9%494 0.98709 + 0.00388
23 ‘1 21 x 22 73-6- 6 61.10 0.99601 0.99709 * 0.00368
24 22 = 22 73-6- 6 58.08 0.99593 0.99620 + 0.00391
Average K,¢¢ 0.99555 0.99321 + 0.00380
Average Keff of PuQl; Systenm -0.99430 0.99412
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Table ¢ Comparison of infinite multiplication factors
in TCA cells calculated by ANISN-JR with those

by KENO-4
Koo
ANISN - JR KENO - IV
1.50 U0 1.3554 1.3541 £ 0.00306
1.83 U 1.3703 1.3699 + 0.00274
2.48 U 1.3695 1.3651 + 0.00275
3.00 U 1.3540 1.3438 + 0.00293
Ko in 1972
ANISN - JR KEND - IV
2.42 Pu 1.3542 1 1.3505 + 0.00297
2.98 Fu 1.3481 1.3511 + 0.00310
4.24 Pu 1.3046 1.3081 = 0.00275
5.55 Pu 1.2469
Ke in 1973
ANISN - JR KENO - IV
2.42 Pu 1.34%9 1.3531 + 0.00318
2.98 Pu 1.3439 1.3441 + 0.00307
4.24 Pu 1.3005 1.3041 + 0.00269
5.55 Pu 1.2430
K= in 1974
ANTSN - JR KEND - IV
2.42 Pu 1.3435
2.98 Pu 1.3398 1.3402 + 0.00290
4,24 Pu 1.2966 1.3018 + 0.00298
5.55 Pu 1.2392
Ko in 1975
ANISN - JR KENO - IV
2.42 Pu 1.3419 1.3479 * 0.00313
2.98 Pu 1.3360 1.3358 + 0.00293
4.24 Pu 1.2929 1.2979 + 0.00268
5.55 Pu 1.2356
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Fig.] Flow diagram for KENO Calculation
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3. 0w/fo PuD,-UQ, fuel rod

Fig. 2 The fuel specification of TCA

— 17 —



JAERI-M 85-137

Case | Case 2

case 3

The Tengthes of one side of sequares ore 9xP for casel,

13xP for case 2, 21 x P for case3, respactively, Where P
represents fuel pitch, in these cases, P =1.956cm

Fig. 3 Configuration of fuel rods and surrounding
water in o square fuel sforage rack

3.0 w/o Pu0,-L0, fuel rod

/ Grid plate

i &, F”1 /,ﬂ, [ Core tank
L [P I | 74
Grid plase
——

¥

4 Pu0,-U0,

d E:nm_ =T - mm::m:mm% h pellet

2078

Grid plate

974

1805
706———-1
AY
\

1 Fuel support

plate

NN

| l
LZ)\Q LJ\ Feed water
1B32 ¢ N\ line

\ Dump water line Dimension mm

Fig. 4 The vertical cross sectional view of TCA
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Fig. 7 K-eft vs.distance beiween adjacent fuel assemblies
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10 0.5 water densify

Fig. 8 K-eff vs. water density
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Fig.9 K-eff vs., H/U



85-137

JAERI-M

d a
39
JUAN
119X o

1 2882 10j

A11SUDp Idlem -$A S1010®] Inog TJ1-814
(00/8) £115U3p 191em

00 a0 0l

T T T

e sl

g .
q\q\.\ 3
0zt 101
oer 101
oy 151
3

2

s
R |

e

€

0y

UO11E[ND[BD |92 IOJ

Allsuap Jaiem - SA $J010e) 1nog g1 814

{99/8) A115u0p 107EM

0o 50 o1
T 1 I
Y,
Ju \
\, —
N
- 150
d
- - Oﬁ
INEN|
— &
L 141
\.\\.\x
\\I‘\I‘X
lx..l.l.x\.\.\l\x
X=X X Tk




85-137

JAERI-M

A
119y o

v

£ 9sED 10)

A11SUBD 131BM "SA §$J0}0OB)} INO,q

(22/6) Ly1suap 1o1EM
00 50

T 1

T4

7 Ased io0]

£11suop J21eM -SA SIO10BI JNog Z1°3814

£1-d14
(20/8) A118u3p 121BM
01 00 S0 S
I T T T
o o <
Q\Q|\\lﬂ_ 2
N\
4570 oz b 450
\le
Axu\"o
al
dot ek |l Ho1
199 /7
L a \x
151 A \:k 161
Té x
17e3 : /
1 O
e




85-137

JAERI-M

ucigt
janj

(No1) A1T1SUBp I2)1BM

X

|

fe————— 101311

"SA UOLINQILISID XN[J U0LInayn ¢1-31,]

ueidia
|81}

/
4

I01PM ————— s

T0°0 =nol

0=nos |

I
70 =nod

gh

O0T—nox

N

-

(11un AIRIl1qie) XNT] UO1IUSN

’'d *d

Ju

1eH

¥ ase> 10]

A118Uap Jalem -sa Si010B) X1§ Fi-814

(00/8) Artsusp Ialem

01

0v

0’0 50
T

G0

0T

51



