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1. Introduction

For the criticality calculation of a spent fuel system, burnup profile of the
spent fuel needs to be considered. The effect of the axial burmnup profile on
criticality will be studied in Phase Il of the Burnup Credit Criticality
Benchmark. The Phase Il will be divided by two programs, namely, Phase
II-A and Phase II-B. In Phase Il-A, the criticality calculation of an infinite
array of PWR spent fuel rods is performed to grasp the effect of axial burnup
profile (end effect) on criticality. In Phase II-B, the criticality of a spent fuel
cask will be evaluated. |

It is considered that the end effect is a function of the initial fuel
enrichment, the burnup and the cooling time. The selection of these
parameter values were discussed at meetings in Paris and at ORNL.

The selected parameters are 10, 30 GWd/t burnups for 3.6 w/o initial fuel
enrichment, 30, 50 GWd/t burnups for 4.5 w/o initial fuel enrichment, 1
and 5 years of cooling times. Further, the the effect of fission products
on the end effect is also investigated. The multiplication factors of spent
fuel systems with these combinations of parameters will be obtained by
all participants using their code and data. Here, the end effect is
measured by the difference of multiplication factors between the cases
with and without burnup distribution.

It is expected that the results will be helpful to know the degree of
importance of the end effect in the burnup credit. The results can be
utilized, for example, to obtain a unique Dk value of the end effect, by
which the criticality of the spent fuel system can be evaluated by
disregarding the burnup profile but employing the average burnup over
the rod then simply adding the Dk value. ‘

. The burnup profiles of spent fuels at 10, 30, 40 and 50 GWd/t have
been measured and supplied for the benchmark by Dr. A. Santamarina
and Dr. P. Albarede. The profiles are digitized to obtain region-wise
burnup values for the benchmark problem. In total, 60 sets of atomic
number densities have been prepared by Dr. M. Brady (see Appendix A).
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2. Geometry Data

The geometry of the fuel pin cell is defined by the following data. The
cell is used to obtain the multiplication factor of the infinite fuel pin array.

A. Radial dimensions (see Fig. 1)

Fuel Cell Pitch - 1.33 cm
Fuel Radius | 0.412cm
Cladding Inner Radius 0.412cm
~ Outer Radius 0.475cm
Radial Boundary Condition Reflective
B. Axial dimensions (see Fig. 2) :
Fuel length 365.7cm
End plug(Each side) 1.75cm
Water thickness(Each side) 30.0cm

Axial Boundary Condition Vacuum

C. Axial Fuel Modeling
There are 9 regions from top to bottom of the fuel.

Region 1 (Fuel top) 5cm
Region 2 5cm
Region 3 10 cm
Region 4 20cm
" Region 5 (Central region) 285.7 cm

Region 6 20 cm
Region 7 i0cm
Region 8 5cm

Region 9 (Fuel bottom) 5cm
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3. Material Data ( at 300 K)
A. Fuel
Fresh Fuel (3.6 w/0) Number density (atoms/barn*cm)
(for Case 1 in Table 1) U-234 7.5174E-06 -
U-235 8.4209E-04
U-236 3.7268E-06
U-238  2.2254E-02
@) 4.6215E-02
Fresh Fuel (4.5 w/o) Number density (atoms/barn*cm)
(for Case 2 in Table 1) U-234 8.4100E-06
U-235 1.0526E-03
U-236 6.4752E-06
U-238 2.2042E-02
O 4.6219E-02
The number densities of spent fuels are given in Appendix A.

B. Cladding and End plug

Zircalloy-4 Number density (atoms/barn*cm)
Cr 7.5891E-05
Fe 1.4838E-04
_ Zr 4.2982E-02
C Moderator .
Water Number density (atoms/barn*cm)
H 6.6621E-02
@) 3.3310E-02

4. Parameters and Case Numbers

In total 26 cases of multiplication factors are requested to be
evaluated. Parameters and case numbers for reference are tabulated in
Table 1. For the cases of No FP, the following fission products should
be omitted from the nuclides listed in Appendix A.

Mo-95, Tc-99, Ru-101, Rh-103, Ag-109, Cs-133, Sm-147,Sm148,
Sm-150, Sm-151, Sm-152, Nd-143, Nd-145, Eu-1563, Gd-155

For Cases 2, 6 and 19, the fission densities of Region 1 to 5 are also
requested. The fission density is defined as;
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Fission Density = sz ¢ dE (per unit fuel volume),

and the sum of fission densities of 5 regions should be nomalized to
unity, i.e.,

Region ' _
Z' Fission Density of Regioni = 1.0.
i=1~5 ’

5. Requested Information and Results

Please forward the results by an electronic mail to Dr. Takano at
JAERI. The e-mail is the most convenient way for us to receive your data.
 Please avoid sending the results by a diskette. In Phase-IA, we had
many problems in handling diskettes recorded by various PCs since we
have no full IBM PC compatible in our laboratory. However, the results
recorded as a text file on a 3.5 inch HD diskette of Macintosh or MSDOS
may be also accepted.

Line No. Contents
1 Date
2 Institute
3 Contact Person
4 E-mail address or Telefax Number of the contact person
-5 Computer Code
6 to 31 Multiplication Factors of Cases 1 t0 26

32t036  Fission densities from Region 1 to 5 of Case 2
37 to 41 Fission densities from Region 1 to 5 of Case 6
421046 - Fission densities from Region 1 to 5 of Case 19

47~ Please describe your analysis environment here. It will
be included in Phase IIA report The description should
include;
Institute and Country,
Participants,

Neutron data Iibrary,
. Neutron data processing code or method,

~— I Alrananant it WIS TNCH/ | LRRIAN A n1L7n 1 d.rcr
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6. Schedule

Mid October .

Mid January
Mid March
End March
End April

Neutron energy groups,

Description of your code system,

Geometry modeling (3-D , 2-D etc.),

Omitted nuclides if any.

Employed convergence limit or statistical errors for
eigenvalues

Other related information.

Distribution of the specification
Results should be sent to JAERI
Distribution of draft report Phase-lIA
Comments to draft report Phase lIA
Final draft of Phase lIA for NSC



PV N

( Reflective Boundary Condition )

( Reflective Boundary Condition )

Light Water

( Reflective Boundary Condition )

1.33 cm

Fig. 1 Radial Dimensions
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(Vacuum Boundary Condition)

Water 30cm

EndPlug 1.75cm
Fuel Region-1 5Scm

Fuel Region-2 5cm

Fuel Region-3 10cm

Fuel Region-4 20cm

O o el

FOEC

Fuel Region-5 285.7 cm

Fuel Region-6 20cm

Fuel Region-7 10cm

Fuel Region-8 5cm

AP P |t — | - —

Fuel Region-9 5 cm
EndPlug 1.75cm

Water 30cm t

(Vacuum Boundary Condition)

Fig. 2 Axial Dimensions



P. 10/35

FRERYNGREE noBBm

"93£10A218 21:05

"Pasenbe: osfe eJe 61 pue g ‘g SeseQ 10} G 0} | suoibay JO senisus( uoissi4

'¥661 Auenuer G| AQ 43V 0} 1Ues eq PINoYS UOHELLIOJUI PBJe|el PUE SBSED g JO S.0}0B} uoHES!dRINW By

9¢ V/N V/N el V/N ON|
Ge V/N V/N cl V/N SOA ON
2 V/N VN Ll V/N ON| siesh g
€2 V/N V/N 0] V/IN S9A SOA
44 8t V/N 6 q ON
¥4 Ll V/N 8 14 SOA ON
0e 9l V/N yA € ON . Jeak |
6l 18 h4} V/N 9 c 8 . S8A SIA
SHIgGNNN ISV 90Id| oW ||
: dnuing s'd'd Buijoon
VPMO 0S|/PMD 0E| Ysald [/PMD O [PMD 0S| /PMD 01| Yysaid
dnuing _ dnuing
O/M G'Y o/M9'g

JUSWYOUUT [ond [eniu]

SI9QWINN 9SB) pue SielsWeed | 9jqel




P. 11/35

21:06

"93%10R214

‘p'dey) Ul paquosap Se SapIioNu ‘d"J WO ‘S'd'4 ON JO S8SED 104

(‘stequnp 185 elR( 0} [Enba | ON 848 S1equinN 8se))
"SIeqUINN 13§ EleQ pue siequinN ese) dNXIN LON-OQ esedid

Ot

B REH ED

V/N V/N 1 V/N ON
09'85'95'¥5'2S VIN V/N 0£'82'92've‘ee VIN S9A| ON
oL V/N V/N v V/IN ON sieak g
09'85'95'¥5'2S VIN V/N 0€'82'92've'ee V/N SOA| SOA
6 L V/N € 1 ON
6G'4G'GS'ES'LS | 6V LV'SY'EY 1Y VN 6c'Le'Se'ee 1| 6L LI'GL'EL LE S9A| ON
6 Z ¢'deyd VIN ¢ 1 gdeyo ON jeak | |
6G'/G'SS'6S' LS | 6V LY'SY'EY I 833 V/IN 6c'Le'Se'eC 1| 6L°LIGL'EL LL| 685  SOAl SOA
solsus JaquinN dIWO)y 104 Sioquinp 1oS eyeq| 9|joid awl |
dnuing|s'd-d4| Buloon
YPMD 05 PMD 0E | US8id| PMD O VPMD 0€ PMOD 0L |Yysald
dnuing dnuing
O/M Gy O/M 9'E

“JUSWYOHUT [N e

~ siskjeuy Jo} y xipusddy jo EmnE:Z 1oS ele( pue sigjawesed g 9|qel

a/



October 21, 1993 19:51 g //

Appendix A
- Atomic Number Densities

of Spent Fuels

Prepared by Dr. M. Brady
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INFORMATION REGARDING THE CALCULATION
OF ORIGEN-S/SAS2H ISOTOPICS TO GENERATE

THE SPENT FUEL ATOMIC NUMBER DENSITIES FOR PHASE II A
PWR assembly design  description for tabulated cases

Parameter Data

Assembly general data

Designer Westinghouse
Lattice 17 x 17
water temperature, ’ 570 K

Water density, av, g-cm-3 0-.7295
Soluble boron cycle av, ppm (wt) 550

Number of fuel rods 264

Number of guide tubes 24

Number of instrument tubes 1

Fuel rod data
Type fuel pellet U02

Fellet stack density, % TD 94.5

Rod pitch, cm .1.25984
Rod OD, cm : 0.94966
Rod ID, cm 0.83566
Pellet diameter, cm . 0.81915
Active fuel length, cm 365.8
Effective fuel temperature, K 811

Clad temperature, K 620

Clad material Zircalloy

Guide tube data
Inner radius, cm 0.5715
Outer radius, cm 0.61214

Tube material Zircalloy
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Operating History Data and Fuel Isotopic Content of PWR Cases
Specific Power: 40 kW/kgU

Case Descriptions:

4

Case 1 - 4 cycle depletion of 3.6 wt$ U-235 fuel assembly to 14 GWA/MTU
Cycle 1 Cycle 2 Cycle 3 Cycle 4

Burnup (GWd/MTU) 3 3 4 4
Uptime (Days) 75 15 100 100
Downtime (Days) 0 0 0 62.5

Case 2 - 5 cycle depletion of 3.6 wt% U-235 fuel assembly to S50 GWA/MTU
Uniform cycles with the following cycle data:

Burnup (GWd/MTU) 10
Uptime (Days) 250
Downtime {(Days) 62.5

Case 3 - 6 cycle depletion of 4.5 wt% U-235 fuel assembly to 60 GWA/MTU
Uniform cycles with the following cycle data:

Burnup (GWd/MTU) 10
Uptime (Days) 250
Downtime (Days) 62.5

Uranium Content (wt$d)

3.6 wt% U-235 4.5 wt% U-235
U-234 0.032 U-234 0.0358
U-235 3.600 U-235 4.5000
U-236 0.016 U-236 0.0278
U-238 96.352 U-238 95.4364

e/ o nivnannannl W 19T L LAY thnt7 nt7lni4rr
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Notes on how the nuclide concentrations were obtained:

The nuclide concentrations for the 3.6 wt% 10 GWd/MTU assembly
were obtained from Case 1. The concentrations for the 3.6 wt% 30 and -
40 GWd/MTU assemblies were obtained from Case 2. The
concentrations for the 4.5 wt% 30 and 50 GWd/MTU assemblies were
obtained from Case 3. The SAS2 multi-cycle depletions saved nuclide
concentrations at the end of each cycle prior to downtime in a single
dataset (e.g., the 4.5 wt% depletion saved concentrations at 10, 20, 30,
40, 50 and 60 GWd/MTU). A utility pregram then interpolated on the
values saved at these burnups to obtain the nuclide concentrations at
the specified burnups for each axial region and for the assembly éverage
burnup. (Since the assembly average burnups are consistent with the
burnups where concentrations were saved, these interpolations are
trivial but convenient.) The interpolated concentrations were then input
to ORIGEN-S, where they were decayed for 1 year and 5 year cooling
times. The concentrations for each axial region of a fuel assembly are
taken from a single SAS2 multi-cycle depletion by interpolating between
different cycles in the depletion. The result of this method is that the '
nuclide concentrations for the lower burnup regions at the end of the
assemblies are generated at the same specific power as the higher
burnup region in the center of the assembly. In our judgment, the
effects of this approximation on k-eff are minor. The assembly average
nuclide concentrations are based on the assembly average burnup, not
on a volume-weighted average of the axial region concentrations. The
assembly average burnup is already volume-weighted. and this method
is consistent with the way that concentrations would be generated for
an axially uniform assembly average analysis. \
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Appendix B

‘Burnup Profiles
(10, 30, 40 and 50 GWd#n)

Prepared by Dr. A. Santamarina
and
Dr. P. Albarede
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