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Nuclear Criticality Safety of Fuel Element Storage

for Upgraded Research Reactor JRR-3

Harumichi TSURUTA, Junichi IWASAKI and

Hircki ICHIKAWA

Department of Research Reactor Operation
Tokai Research Establishment, JAERI
.( Reteivechanuary 10, 1985 )

Criticality aspects of storing 20% enriched U AIX—AI fuel
elements were evaluated for the upgraded research reactor JRR-3.
Ckiticality.ca}culations were carried out as a function bf the
number of fuei elements, lattice pitch, and water density in the
moderator. The effects of neutron absorbers on neutron
multiplication were also examined for storage arrays of the fuel
element.

Results show that the arrays in the storage racks proposed
for the JRR~3 are subcritical enough. The fuel elements can
be safely stored against any possible storage circumstances.

The obtained data are presented in a form in which interpolation
may be made to estimate the neutron multiplication factor of
any element storage configulations of the fuel elements of the

JRR-3.

Keywords: JRR-3, Criticality Safety, Research Reactor, Fuel Storage,

U-A]x, Low Enrichment, Light water, Neutron,

Subcritical, Criticality calculations
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Fig. 3.1 Horizontal cross-section of standard fuel element
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Fig. 3.2 Vertical cross—section of standard fuel element



JAERI-M 85-002

6.36

6.36

All dimensions in em.

Fig. 3.3 Horizontal cross-section of control fuel element
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Fig. 3.4 Vertical cross-section of control fuel element
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Fig. 3.5 Horizontal cross-section of U0y fuel element
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Fig. 3.6 Plan view of spent fuel storage pool
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Fig. 3.7 Plan view of spent fuel storage pond No. 1
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Fig. 3.8 Plan view of spent fuel storage pond No. 2
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Fig. 3.11 Horizontal cross-section of spent fuel storage rack No.Z2
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Fig. 3.13 Cross-section of neutron absorber plate
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4.3 RURBERECEEE5ALET

EEEFRKE, BL2ORFRE-TEATE, THhOoOERFDIL, BEKFRI7 v 7 0%
HHEBOWTEEGSROEFIZOVT, EMEGHLIOBMFEEA I,
o B EFRE
o KB ER
o WM EE
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DIEG, ¥eHOFREMMBETEMNIcEs XHK, FEAEREZTFA{L, 7., EUHEFHEYK
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4.4.2 FEHEBRBEETB7 v 7Nl

GRAREERT » 7N 1 CHRSEENBREF S W LEARTOEYHEGEHEKE. RO
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o BFE202 ¢ MEERNZEBELL, FIVROPREEEL 2. BRKOFEEE
L& H 7,

o SE203 . BMHEZANAHELL, BEXMERELEE, BKEER, —EKL
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o Lo ¥ — BEE . 137
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o MEE00 @ UOBHEERT » 7 LERABBEERS » 7Nl EBBAFESTH S,
ARERZFig. ARTFL12ERT . ULBMBERES v 27 HOK+ »
v 743, AETO0.07cm, MR TZOHNESD 0 0dem TH 5,

o SF501 1 UOBEEER7 v/ CHHABBREEES v N2 EBEARLIBETHS,
ATHEAR%L Fig. 4. 13l1cR T, UOBEEES v 7HAOKE »» 7, A
WT0lem, METRERLEOEDID 0. 05ecmTH 5B,

U #BITE 7 v 7HOKF ¢+ » 7B R, 2H500&L 501 ETHERLETHBE &M, HE
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AREWBEEL 125X 0,

Fig. 411, 412 R U 4 BEARLEHEGEROT T, SHHEBRS » 7HNOBFERRBAETLT
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Table 4.1 Summary of calculations
. = Z = % —
E‘ é Fuel array = £ z .g 2 5 E g
= 2w © A 2 S S| £ 5
o © 2| Xelxa a g w5 = g S o 5
S & *EleE | sE g & £\ o _ 5 be) Yo g E
£ s || 2= |EE|EE) £Y | 52| £ | BT | 5| B3 S B
— E [l g 5 = 45 ot g 2 =
O 0 = kS = R E E S| = E =5
10 | Nore 7.62~25.0] 1.0 | N 75 H 100%
(Uniform o . . . one 137 | Hetero
lattice)
11 P 1-100 " ” ” ” ” " ”
20 ” O 7.72~20.0 ” ” Infinite »# | Homo. -~
2] " O > ” ” ” ” Hetero. 100 %
22 27 O e " 2” ” 26 ’” ”
30 ” 8 %19 20.0 0.0~1.0 4 #” 137 i Homo. -
31 ’” #” ar ’” #” 75 ’” a —
32 ’” ” ” ” #” #” »” Hetero. 100 %
33 ” 2" ” " ” ” 26 ’” »”
S
34 ” ” ” " ” ” 137 ” m?)r:ilgr ﬁzr
35 ” #” ” #” #” »” 26 ” #
36 ’” ” ” »” ’” #” 137 s None
- ’” ’ #” 7 ” |1 Same as
100 | Fresh fuel 8G 7.62-250 ’ moderator
101 #” ” 7.92~25.0 ” Fe ” ” ” s
102 ” ” 8.17~25.0 # Boral ” 4 o ”
200 No 1 O 13.4%8.9 ” SUS 4 # {Homo, —
201 “ O ” “ ” ” ~  |Hetero. r?l?)dm:ra?c;)r
202 ” O ” ” Boral ” 2" ” ”
203 # O 8.9~12.0 1.0 SUS ’ # 1 Homo. —
300 No. 2 O 16.0x16.0|0.0~1.0 ” ” ” ” —
301 " @ ” ” ” ” » |Hetero. ri%gl:raatlzr
309 #” O 7 " Boral #” " ’” ’”
400 U0, 34%34 9.5 ” None 210 # |Homo. -
500 [ No1+U0, 40 0~100" | 1.0 |Boral | o5 | # | ~
501 |Na.2+UQ; ” #” ” ” #” ” ” —
* | Separation between UQ; and U= Al -Al fuel arrays
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Table 4.3 Total cross sections of water used in the calculation of

Dancoff correction factor of fuel meat

(TEMPERATURE: 300 KD

WATER TOTAL CROSS

DENSITY SECTICN OF H20

(G/CMxx3) (1/7€M3
1.00 1.4870
0.%90 1.3383
0.80 1.1896
0.70 1.0409
0.60 0.8922
0.50 0.74&35
0.45 0.6692
0.40 0.5948
0.35 0.5205
0.30 0.4461
0.20 0.2974
0.10 0.1487
0.05 0.0744
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MGCL library

@@/

~ Effective
Cross sections MAIL - Macro-file
/
Criticality KEOI:] oV
MULTI-KENO

(El‘\ID)

Fig. 4.1 Calculation flow for criticality safety evaluation

0076
<—0.228—> 0.228—>
:..*é;.f
s g 3
o e o
= |3 =
i B
.

All dimensions in cm.

Fig. 4.2  Geometry for the calculation of Dancoff correction factor of

fuel meat {(Standard fuel element)
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otk 028, . 0192, 0_1_2_4_,2
Fuel meat— H T ﬂlﬂ ln( ]‘ ¥
L”ll M" 1 “ ’[
i : L.
‘ | I ey
water =1 - il
A[uminumT\m ” “’” “l l'“ m Ll yHulln H"J : ’m 5
7.62 e ‘?
All dimensions in cm.

Schematic geometry of standard fuel element for heterogeneous

Fig. 4.4
calculation of effective multiplication factor

p
<~—7.62c

A

A
ZWater “-Standard fuel

element

p:Lattice pitch

Schematic geometry for the calculation of effective multi-

Fip. 4.5
plication factors as a function of the separation between

fuel elements (Category 20, 21, and 22)
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Standard fuel elements

Water

| ~10T20=l

l'*0!."LOZ’|

{8x19 array)

All dimensions in cm.

Schematic geometry for the calculation of effective multi-

Fig. 4.6

plication factors as a function of water density (Category

30, 31, 32, 33, 34, 34, and 36)
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All dimensions in cm.
13,4 — 5 13.4 2

2.273

Horizontal cross-section

.
R Z
4 .
Water
Stztnedard fuel / Sgrsal plc:m:X
element
Vertical cross-section
(Category 200, 201, (Category 202)

and 203)

p: Lattice pitch, 8.9cm for Category 200, 201, and 202.
8.9~12.0cm for Category 203.

Fig. 4.8 Schematic geometries for the calculation of effective multi-
plication factors of spent fuel storage rack No. 1
(Category 200, 201, 202, and 203)
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= 16.0 16.0
1.42 —>
‘F‘” 0 —>4 02765 e
SUS —— :
c8 " Water—=—=
- b~ "
v 2 :
Standard 1Y
fuel element+ ]
Boral plate;’ ZEI
Horizontal cross-section X
o
o~
| o
un
b~
o
o~
»
Vertical cross-section
(Category 300 and 301) (Category 302)
All dimensions in c¢m.
Fig. 4.9 Schematic geometries for the calculation of effective multi-

plication factors of spent fuel storage rack No. 2

(Category 300, 301, and 302).
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Fig. 4.10 Schematic geometry for the calculation of effective multi-

plication factor of U0y fuel storage rack (Category 400)
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0.0L*’ <05 == 0.07 007 <95+ r—0.0L
y—UQO, fuel storage rack
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los +

O|O]|
—»e—— G540

OO ||O]|O||O
OlO1O||O]]|O

Water

010

y— Spent fuel storage rack No.1

89x40

< 5. g

XXX

]<— 13.4—™
- 670 7 l
| : Separation between racks X

All dimensions in cm.

<

Fig. 4.11 Schematic horizontal cross-section for the calculation of
effective multiplication factor of interacting system
between U0z fuel storage rack and spent fuel storage rack

No. 1 (Category 500)
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00595+ =010 010> 19 5%«0.05
" ' y— U0, fuel storage rack -lr-
oooooooooo_g;T
o|[ol[o][o][o][o][o][o][ol[o] ¢
O OO |O||IO|IOIO|HO||O|IO
~ Water
y— Spent fuel storage rack No.2 §
XXX X
X | X X | o
| [ i t ! ,_cﬁ
X X | X |e
¢ v Y
le-16.0> A
< 96.0 > 7
| : Separation between racks X =

All dimensions in cm.

Fig. 4.13 Schematic horizontal cross-section for the calculation of
effective multiplication factor of interacting system
between UOy fuel storage rack and spent fuel storage rack

No. 2 (Category 501)
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Table 5,1  Effective multiplication factors kg¢g in an infinite array of
standard fuel elements as a function of lattice pitch
(Category 10)
(TEMPERATURE: 300 X3
LATTICE
PITCH K-EFF
(CM3
7.62 1.507+-0.003
10.00 © 1.286+-0.004
20.00 "0.458+-0.004
25.00 0.400+-0.004
FUEL ARRAY : INFINITE
FUEL LENGTH (CMD :75.0
FUEL MODEL . : HETERO.
WATER DENSITY (G/CM=%x3): 1.0
ENERGY GROUPS : 137
Table 5.2 Effective multiplication factors keff in (N x infinite) array

as a function of the number of fuel elements N (Category 11)

(TEMPERATURE: 300 KJ
NUMBER OF K=-EFF
FUEL ELEMENTS
ARRAYED IN
Y-DIRECTION. LATTICE PITCK (CM)
N 7.62 25.0
1 0.708+-0.004 -
8 1.3774+-0.004 0.394+-0.004
10 1.416+-0.004 0.396+-0.004
15 1.448+-0.004 0.399+-0.004
20 1.4672+-0.004 0.393+-0.004
25 1.483+-0.004 0.396+~0.004
30 1.4904+-0.003 0.3B8+-0.003
35 1.487+-0.003 C.403+-0.004
40 1.501+-0.004 0.398+-0.004
45 1.500+-0.004 -
S0 1.491+-0.003 -
60 1.503+-0.003 0.393+-0.004
70 1.507+-0,003 -
80 1.508+-0.003 0.391+~-0.004
0 1.498+-0.003 -
100 1.500+4~0.004 0.399+-0.00C3
FUEL ARRAY NxINFINITE
FUEL LENGTH (CMD P 75.0
FUEL MODEL ! HETEROGENEOUS
WATER DENSITY (G/CM#%x3) : 1.0
ENERGY GROUPS : 137
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Table 5.11 Effective multiplication factors keff of UO2 fuel storage rack

as a function of water density (Category 400)

(TEMPERATUE: 300 KO

WATER
DENSITY . K-EFF
(G/CM=%x37) '
1.00 0.418+-0.002
0.80 0.486+-0.002
0.50 0.644+-0.003
0.30 0.766+-0.003
0.20 0.813+-0.003
0.15 0.814+-0.003
0.10 0.745+~0.003
0.06 0.594+-0.003
0.03 0.333+-0.003
0.01 0.131+-0.001
0.001 0.101+-0.001
0.00 0.100+-0.001
FUEL ARRAY T 34x%x34
FUEL LENGTH (LMD > 210.0
LATTICE PITCH (CM) : 9.5x9.5
ENERGY GROUPS : 137
RACK : YES
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Table 5.12 Effective multiplication factors keff.of interacting system
between UO2 fuel storage rack and spent fuel storage rack

No.l or No.2 as a function of separation between two racks

(Category 500 and 501)

(TEMPERATURE: 300 K2

K-EFF
SEPARATION
(CM>
CATEGORY 500 CATEGORY 501
0.0 0.680+~-0.005 C.530+-0.004
5.0 0.696+-0.004 0.538+~0.004
10.0 0.687+=-0.004 0.530+-0.004
15.0 0.490+-0.004 0.530+-0.003
20.0 0.688+-0.004 0.527+-0.004
25.0 0.698+-0.004 0.532+-0.00C4
30.0 0.688+~-0.004 0.534+-0.004
40.0 0.691+-0.004 0.528+-0.004
50.0 0.701+-0.004 0.523+-0.003
60.0 0.693+-0.004 0.523+-0.003
70.0 0.694+-0.004 -
B0.O 0.698+-0.004 -
90.0 0.691+-0.004 -
100.0 0.694+-0.C04 0.523+-0.003

FUEL LENGTH (CM)

: 75,0 (STANDARD FUEL?

+ 210.0 (UDZ2 FUEL)Y
: HOMOGENEOUS

FUEL MODEL

WATER DENSITY (G/CM=xx3) T 1.0
ENERGY GROUPS t 137
RACK YES
BORAL PLATE YES
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