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1. Introduction
Taking reactivity credit for burned fuel in LWR is a
world-wide trend in the field of nuclear criticality safety,

which comes from cost-reduction needs. Burnup credit (BUC)

criticality benchmark studies for PWR spent fuel have been
carried out in the'OECD/NEA/BUC working group as Phases ‘I and

II. BUC criticality benchmark studies for BWR spent fuel will
be made in this Phase III. . _
The main features of BWR different from PWR in respect. to

criticality safety calculations are ' (1) moderator void

distribution in a core, and (2) & complicated composition of a

fuel assembly.

In BWRs, moderator voids aretoistributed in a core. Their
volume fraction amounts to about 70% near the top region of the
core, which makes the neutron energy spectrum hard and Pu
production rate high compared to the bottom region where the void
volume fraction is almost zero. The average void~fraction over
the entire core is about 40g - | : |

A fuel assembly of BWR consists of many kinds of fuel rods
whose enrichments are different from.each other. Some fuel rods
contain Gd, which is a strong neutron absorber. .And a large water
rod is located in-the'center ' ' 1

In order to avoid unnecessary compllcatlon of the problem,
simplified modeling is proposed for criticality calculatlons
The composition of all the fuel rods in an assembly is assumed

‘to be the same, keeplng the water. rod in the center Gadolinium

1sneglectedlnthlsnwdellng,51nceltsreact1v1tyworthlskmown
to be negllglbly small after the 1rrad1atlon of 20 GWd/tU

It is noted however, that the 51mp11f1ed modeling is made‘

only for the purpose of crltlcallty calculation. As ‘is shown
in Appendix A, the'number densities have Dbeen calculated in
consideration of moderator void distribution, the'complicated
configuration of fuel in assembly and the existence of poison.

There are at least two evaluation methods for criticality
safety of spent BWR fuels in storage'faci]..it'ies or transportation

casks. One is to find the enrichment of fresh fuel to which the
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reactivity worth of the burned fuel is equivalent. This method
is commonly applied to PWR spent fuels. For this method, the
neutron multiplication factors of fresh fuels are “to be
calculated, and willbbe surveyed in the:beuchmark of PhHase IIIB.
In thls Phase IIIA benchmark, we will seek after the 2nd
evaluation method: the fuel assembly is evaluated as if it 'was
irradiated until the average burnup under a high moderatlon void
fracﬁion, e.g. 70%, without chsideration of burnup nor void
distribution in a core. The number densities of nuclides in a
fuel rod are prepared by Toshiba of Japan) and given in Appendix .
A. The participants are expected to calculate the neutron’
multiplication factor of an infinite erray of assembly for 22

cases.

2. Parameters and Case Numbers

The multiplication factor 1s requested to calculate for 22
cases in total. The parameters and case numbers are shown in
Table 1. For the cases from 15 to 22 FP nuclides (Mo-95, Tc-99,
Ru-101, Rh-103, Ag-109, Cs-133, Sm-147, Sm-149, Sm-150, Sm—ISl,
Sm-152, Nd—l43, Nd-145, Eu-153 and Gd-155) should be disregarded

from the nuclide list shown in Appendix A.

3. Geometry Data . ' A : o
An infinite array of fuel assemblles can be represented as
a mirror-reflected assembly on its four faces. The dlmenSLOns

of the assembly are spe01f1ed by ‘the followlng data.

A. Radial DlmenSLOns (eee Flg. 1)

Assembly. Pitch . . 15.24 cm
Cell Pitch ' : 1.63 cm
Fuel Rod Outer Radius : 0.615 cm
Inner Radius : 0.529 cm,
Fuel Pellet Radius ) : 0.529 cm
Fuel Rod Cladding Thickness : 0.086 cm
Water Rod Outer Radius : 1.6 cm
Inner Radius . : 1.5 cm



Water Rod Cladding Thickness : 0.1 cm

Channel Box Tﬁickness

1/2 Thickness of Water Gap

Boundary Condition

- | o .
B. Axial Dimensions (see Fig. 2 and Fig. 3)

Fuel Length-

Gas Plenum (upper sidéy

End Plug (each side)

Water Thickness (each 51de)

Boundary Condltlon

0.25%4 cm
: 0.846 cm -
: Reflective

ven }NSC [poc (3&)1‘,-

1 365.76 cm
30.0 cm-

[

2.0 cm
30.0 cm

: Vacuum

C. Axial Fuel Modellng (see Fig. 2)

The fuel rod is divided 1nto 9 regions, whlch are numbered

from bottom to top

Reglon
Region
Region
Region
3 Regioh
Region
Region
Region

Region

4, Material Dapa(at 300K)

A. Fuel

Fresh Fuel (3.80 wt %)

1 (Bottom Blanket)

(Top Blankét)

: 15.24 cm’

: 45.72 cm

121.92 cm
:. 91,
30.
¢ 15.
15.
i 15,
15.

44
48
24
24

24
24

cm -

cm,

cm
cm

cm

cm -

(for Case 1 in Table 1) .

Nuclide ‘Number Density
(atom/ (barn-cm) ]|
U-234 7.8161E-06
- U-235 8.5393E-04
U-236 5.3079E-06
U-238 2.1365E-02
0 4.4760E-02
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Fresh Blanket Fuel (0.71 wt %) (for Case 1 in Table 1)

. mber Densit
Nuclide [Ztomﬁ(barn-cmf]’
U-234 1.1732E-06
U-235 \ 1.6128E-04
U-236 1.2360E-06
U-238 2.2235E-02
0 "4.4797E-02

The number densities of spent fuels are given in.Appeﬁdix A,

B. Cladding, Channel Box and End Plug

C. Gas Plenum -

Zircalloy-4

_Nuclide

"Number Density

(atom/.(barn-cm) ]
Cr 7.5891E-05
Fe 1.4838E-04
Zx 4 .2982E-02

For some members who wish to smear the gas plenum.region of

a rod, the following data may be used..

D. Moderator

zircalloy-4 (for Fuel Rod)

Nuclide Number Density
[atom/ (barn-cm)
Cr 1.9741E-05
Fe ‘3.8597E-05‘
Zr 1;1181E—02
Water
Nuclide Number Density
[atom/ (barn-cm) ]
H 6.6621E-02
o -3.3310E-02
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equested Information and Results

Please forward the resultsby E-mail to Dr. H. Okuno of JAERI.

Line
No. -

Contents'

1

Date R \

Institute

Contact person

2
3
4

E-mail address or telefax number of the contact person

5

Computer code

6-27

Multiplication factors for the studied cases

28-36

Fractional fission densities from Regions 1 to 9 for Case 1

37-45

Fractional fission densities from Regions 1 to 9 for Case 5

46-54

Fractional fission densities from Regions 1 to 9 for Case 6

55-63

Fractional fission densities‘from Regions 1 to 9 for Case 7

64-72

Fractional fission densities from Regions 1 to 9 for Case 14

73-

Please describe your analysis environment here. It will be
includedinPhaseIIIAreport. The description should include:

Institute and country,

Participants,

Neutron data. llbrary,

Neutron data proce331ng code or method,
Neutron energy groups,’

Description of your code system,
Geometry modeling, if any,

Omitted or replaced nuclides, if any,
Employed convergence limit or statistical errors for the elgen .
value calculations,

Other information, if anv.

Noté

6. S
End Ma
Early

: Deflnltlon of Fractlonal fission den51ty for Reglon n.

(F.F.D. 1. is as follows

_[ dEer( . EYD,(E,, E)

[Fl’D 1, _ R
Z f dEJE,Z (F,, E)D (T, E)
i=1

chedule

rch 1996 Results should be at the coordinator

June 1996 A first draft report will be prepared and
distributed to participants
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Table 1 A list of parameters and case numbers
Cooling Burnup Void Case ‘No RS
Time FPs Profile| profile Burnup [GWd/tU]
iyl | \ 0 120 30 40
: \ Yes 1 2 3 4
Yes [40% Uniform | wa | wa | wa
70% Uniform| - N/A N/A N/A
Yes ' Yes N/A N/A N/A
No | - 140% Uniform N/A N/A N/A
70% Uniform N/A N/A N/A
1 Yes N/A | N/a | N/a
Yes |40% Uniform N/A | N/A | N/A
~ |70% Uniform N/A | N/A | N/A
- No Yes N/A N/A | N/A
_No |40% Uniform N/Aa | N/a | N/a
70% Uniform N/A N/A N/A
Yes 1 5 6 7
Yes |40% Uniform N/A | N/A | N/A
70% Uniform N/A N/A N/A
Yes : Yes | n/a N/a | o8
No [40% Uniform o | 10 | 11
70% Uniform 12 13| 14
s | ’ Yes | N/A | N/A | 15
Yes }40% Uniform ‘ N/A | N/A | N/A
70% Uniform N/A ‘| N/A N/A
No : . Yes | N/a | w/A 16
No |40% Uniform| 17 | a8 | 19
| 170¢ uniform| 20 21 22
Note N/A: Not Adopted :

40% and 70% uniform void cases are considered as "Void
Profile = No". '
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Table 2 The data set numbers of the atomic number densities
shown in Appendix A applicable for each case to
criticality calculation

Case Region No. ‘ )
No. 1 2 3 4 5 6 7 8 9

.See "Material Data"
1 2 3 4 5 6 | 7 8 9
19 | 20 21 22 23 | 24 | 25 | 26 27
37 38 39 | 40 | a1 42 43 | 44 | 45
10 11 12 | 13 | 14 15 | 16 | 17 18

28 | 29 | 30 | 31 | 32 | 33 | 3¢ | 35 | 36
46 a7 | 48 49 | 50 51 | 52 53 54

55 56 57. | s8 | s9 60 | 61 62 | 63
64 | ‘ 65 - 64
66 - 67 . | g 1 66
68 . 69 ' | 68
70 71 ‘ | 70
72 73 S 72
74 ) s ‘ 74

HilRr|Rr|jR|k]R y .
alealolinlnlolel@|vloju|s|win|m

46 47 | 48 | 49 50| s1 | s2 53 | 54

16 | 55 | 56 57. | 58 | s9 | 60 | 61 62 | 63
17 64 ’ o 65 T S 64
18 66 ' ' 67 T 66
19 68 . 69 o . 68
20 70 o 71 | | 70~
21 | 72 | 3 | L 72
22 74 .15 S 74

Note: For the cases from 15-to 22, FP nuclides (Mo-95, Tc-99,"
Ru-101, Rh-103, Ag-109, Cs-133, Sm=-147, Sm-149, Sm-150,
Sm—-151, Sm-152, Nd-143, Nd-145, Eu-153 and Gd-155) should
be disregarded from the nuclide list shown in Appendix A.

lo.
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15.24 cm

cemssmncas
asmccacnme

(Reflective Boundary Condition)

(Reflective Boundary Condition)
(uonipuo) Laepunog 3A139319Y) .

(Reflective Boundary Condition)

0.254 cm o ~ 0.846 cm
0§29 cm commmeeeen g
Fuel Rod : @ 1'.6$cm "~ Water Rod : 3
O.]:.:cm

Geometry Data ‘

Assembly Pitch ‘ " =15.24 cm

Cell Pitch - =1.63cm
OuterRadius of Fuel Rod =0.615cm -
Inner Radius of Fuel Rod - =0.529cm
Cladding Thickness of Fuel Rod =0.086 cm
Outer Radius of Water Rod =1.6 cm
Inner Radius of Water Rod =15cm
Cladding Thickness of Water Rod = 0.1 cm
Channel BoxThickness =0.254 cm
1/2-Thickness of Water Gap = 0.846 cm

Fig.1  Radial Dimensions
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365.76 cm

..............................

...............................

Fig. 2

Reflector

% End Plug i

ven [nse fvos (365,

............

" Node 17

Nodc 16

Node 15

............

" Node 14

Reflector

...........

Region#

9 15.24cm

8 1524 cm

7 1524 cm

6 15.24cm

5 3048 cm _

4 | olsem

3 12192 em .
2 45.72cm -

1 15.24 cm

------------

9

Axial Dimensions



Fig. 3

Cladding

s b T Loy §
CRLLEEERE

Fuel Rod

Water Rod

NER /Mse_ Ivoe (36)

encsacssscsamsacccccsomeacnnseas

.............

--------------

.............

..............

Axial Structure in Fuel / Water Rod
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Appendix A
» Atomic Number Densities

- of Spent Fuels for ‘Analysis of
BWR Burnup Credlt Criticality Benchmarks

Prepared by Yoshihira Ando
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1. Operating Hlstory in BWRs
To calculate the fuel composition of spent fuel, v01d and burnup profiles in BWRs
are needed. So, these operating histories were calculated on the assumption of Haling
distribution for 4 batch core in which average enrichment is 3.80 w/o in fuel reglon and a
node fuel with natural uranium is set up as the blanket in each side of thq fuel. Burnup
proﬁle is shown in Fig.Al, and void proﬁle is shown in Fig. A2, '

2. Selectnon of BWR Fuel Assembly

I selected a typ1ca1 BWR fuel assembly shown in Fig.A3. This type of fuel
assembly has been used wldely in the USA and Japanese commercial BWR plants.. The
fuel enrichment distribution shown in Fig.A3 is a typical example in which fuel rod
average enrichment is 3.80 w/o. This enrichment is set up based on the fuel design to
achieve a batch 'average exposure of about 40 GWd/M. A fuel assembly in blanket
region is shown in Fig.A4. All fuel rods in this fuel assembly contain natural uranium
and the assemblyv has a large center water rod same as the typical fuel assemply shown in
Fig.A3. ' ' '

For spent fuels of theses assembly, we calculated atomic number densities used in
benchmark problems. ' '

3. Method in Calculating Atomic Number ﬁensities oflSpent Fuel

I used SPINOZA (_pectrum Induced Nuclear OrgamZauon Analysis) system in
calculatin; g atomic number densities of spent fuels. '

SPINOZA system has been developed in-Toshiba. In this system, a user can
execute ORIGEN2 calculation with cross section corresponding to neutron spectrum in
BWR lattice. The schematic flow djagram of SPINOZA system is shown in Fig.AS.

In calculating the atomic number densities of spent fuels, I assumed burnup. and void -
profiles, which are shown in Table Al and Table A2, respectively. ) '

4. Results of Calculation _
The atomic number densities of the BWR spent fuels calculated accordmg to the
above method are shown i in Table A3.

Acknowledgments
I would like to express my. sincere thanks 10 Messrs. M Yamamoto, K Sakurada
and I. Mitsuhashi for their valuable comments and my special thanks to Mr. Y. Hirano for
the estimation of void and burnup profiles by 3D BWR core simulation. ’
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Fig. A3 Typical BWR Fuel Assembly
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