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1.0 PURPOSE

The purpose of this calculation package is to determine the effect of loading fuel assemiblies
with known or suspecteci ctaddmg defects greater than a pinhole or hairline cracks on the
criticality of the. NUHON]S‘ 24P FO-/ FC=DSCs. The NUHOMS®-24P FO-—/ FC~DSCs
are damgned to. be loaded with intact B&W 15x15 fuel assemblies. The NUHOMS®-24p
FF-DSC is designed to be loaded with failed B&W 15x15 fuel assemblies,

An evaluation peiformed by the Sacramento Municipal Utmly Distnc;t SMUD} at the Rancho
Seco Plant determined that some of the fuel assembligs that were loaded in the FO- / FC—
DSCs contained claddmg defects that were greater than a hairline crack or a pinhcle. This
evalua‘non documented in, reference [2 9) that 5 DSCs out of the 20 ioadeci DSCS
suspected damaged assemblies The spent fuel parameters (lnmal ennchment burnup and
cooling time) of the loaded fuel assemblies and the position of these fuel assemblies within
each DSC is described in reference [2 7] and [2.8] respectively. This information is utilized
to perform a criticality evaluation with bounding representation of the damagcd assemblies,
as loaded within the FO-/FC- DSC.

The results of this calculation will demonstrate that the criticality safety of the
NUHOMS®-24pP FO~/ FC= DSCS loaded with damaged fuel assemblies (one or two
assemblies per DSC with limited damaged) in an as loaded configuration is not affected.
These results will demonstrate that the ker values of such DSCs are bounded by the design
basis ke of the NUHOMS®-24P FO~/ FC- DSCs.

2.0 REFERENCES

2.1 Transnuc!ear Calculation NUH005.0650, “Rancho Seco NU HOMS"%%P Criticality
Analysns ~FF= DSCs (for intact and failed fuel), Revision 5

2.2 Transnuclear Calculation NUH005.0851, “Rancho Seco NUHOMS® 24P Criticality
Analysis —FO- and FC— DSCs, REVIMOII 3.

2.3 Transnuclear Calculation NUHO0D5.0652, “Rancho Seco NUHOMS@ -24P Criticality
Analysis —Atom Density Calcuiatacns Revision 3.

2.4 Transnuclear Calculation NUH005.0655, “Rancho Seco NUHOMS® -24P Criticality
Analysw —Catculatnon of Ko, Revssxon 3.

2.5  Transnuclear Calculation NUH32PTH1-0602, “KENO V.a Benchimarks for
Criticality Analysis,” Revision 0.
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2.7

2.8

2.9

Oak Ridge Na!zonal Laberatory, RSIC Computer Code Collection; “SCALE: A
Modular Code Syster for- Performing Standardized Computer Analysas for

'Lmensxng Evaluations for Workstations and Personal Computers,” NUREG/CR-

0200, Revision 6, GF{NiJNLJFEi:GJCSDwZIVZIRﬁ

Design Input Document Transnuclear file No. D! 13302-01, "DSC L oading Data,”
iustmg the parameters of the Spant Fuel as loaded for each DSC.

Design Input Document - Transnuclear me No. DI-13302-02, ‘Locaitor\ of Fuel
Assemblies in Loaded DSCs,” ldenhfymg the fuel assembly and its.position within
each of the loaded DSCs.

Design Input Document - Transnuclear file No. DI-13302-03, "Evaluation of
i:)amaged Assemblies;” providing detalts of the extent of damage.

U.S. Nuclear Reguiatcry Commission, "Criticality Benchmark Guide for nght»
Water-Reactor fuel in Transportation and Storage Packages,” NUREG?CR 6361,
Published March 1997, ORNL/TM-13211,

U.S. Nuclear Regulatory Commission; “Recommendations for Preparing the
Cntlcahty Safety Evaluation of Transportation Packages,” NUREG/CR-5661,
Published April 1997, ORNL/TM=11938.
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3.0 - NOMENCLATURE

DSC Dry Shielded L’:ahister

A double seal-welded stainless steel vessel which has integral shiglded end plugs and
an aluminum flame-sprayed carbon steel basket assembly. The basket is désigred to
maintain subcriticality by fixed neutron absorber panels and geometry control. There
are three types of DSCs at Rancho-Séco;

FO-DSC Fuel-Only DSC
A short-cavity DSC for storing 24 fuel assembizes without any associated non-fuel

hardware, The basket has borated neutron absorbmg panels. The DSE end plugs are
solid carbcan steel. _

FC-DsSC Fuel-With-Control-Component DSC:

A long-cavity DSC for storing 24 fuel assemblies with their associated non-fuel
hardware. The basket has borated neutron absorbmg pangls. The DSC end p!ugs are
composite !eadfsta;mess steel

FF-DSC Failed Fuel DSC

A long-cavity DSC for storing 13 fuel assemblies without any associated non-fuel
hardware. Fuel wuth damaged cladding or minor stiuctural damage may be storéd in

the FF- D&;C The basket has thick unborated stainlgss steel guide ’:ubes The. DSC o

end plugs aré composile lead/stamiess steel.

HSM Horlzontal Storage Module

A passive concrete bunker which provides biological shielding and missile proteot;on for
the DSC durmg onsite storaga

MP187 Cask Nuﬂcms’@-mwtif&umnﬁe«w? Cask.
A dual«purpose cask for off-suta transpmtauon (1OCFR71) The MP187 also semes a

HSM.
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7.3 Summary and Conclusions

Criticality calculations were performed to determine the effect of loading of fuel assemblies
with postulated damage on the criticality of the NUHOMS®-24P FO-/ FC- DSCs. The
design basis criticality cases from reference [2.2] were modified to be compatible with the
C8AS25 ca!cuiatuonal module. Criticality benchmarks were performed to determine a USL
- for the NUHOMS®-24P FO-/ FC- DSC with the SCALE4.4 coda package; The results of
the criticality calculations for the design basis intact assemblies show that the maximum
calculated key is below the USL of 0.9425 with a large margin:

Criticality calculations are also performed on a conservative representation of an “as loaded”
DSC with two damaged assemblies. The conservatism in the modeling of the DSC was
quantified to be approximately 0.005 Aker. Thé evaluated damaged confuguratuons ranged
from modelmg a row of de-cladded fuel rods within the guide-sleeves to modeling a 27 -
40x40 arfay of fuel pellets at the bottom of the DSC. These configurations conservatively
cover all postulated damage ranging from ¢racking of the cladding to complete cladding
damage of several fuel rods.

'two damaged as*-;embhes is calculated to bé 0. 9151 Tms value is- wc!i below the des:gn
basis maximum Keg. of 0.9298 for thie FO~/ FC~DSC. These results demonstrate that the
toading of damaged fuel assemblies with damage greater than pinhole or hairling crack does
not result in any significant impact on the criticality of the system.
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8.0 APPENDIX
8.1 File Listing

Computer Software: SCALE 4.4 PC (CSAS25 Module)

Software Version:

CO0545MNYCPO0

Computer Type: PC Workstation with Windows-XP

CSAS25 liiput and Output Files

Date Size (Bytes) File name
211442008 38,425 _ ¢5a$25-FOHXF000.inp:

. 2014/2008 631,475 c5a$25-FOHXF000, out
2114/2008 38,425 . €£3a525-FOHXFQ05.inp
2/14/2008 831,619 | csas25-FOHXFO05 . out
211472008 38,425 csas25-FOHXF010.inp
211472008 631,734 £sas?5-FOHXF010.out
2{14/2008 38,425 £52525-FOMXF020.inp._
2/14/2008 631,782 " c5as25-FOHXF020.0ut

241412008 38,425 '©58825-FOHXF030.inp
2/14/2008 531,291 .cs8as2h-FOHXFO30.0ut
2/1412008 38,425 ‘csas25FOHXFO40.inp
21412008 631,577 ‘csas25-FOHXE040.0uit
2/14/2008 38425 __csas25-FOHXF050.inp
2/14/2008 631,485  csas25-FOHXFO50.0ut
2/14{2008 38,425 £sas25-F OMXFO80.inp
211442008 631,906 csas25-FOHXFO060.out
2114/2008 38,425 ¢sas25:-FOHXFO70.inp
2114/2008 631,644 . csas2b-fohxf070.0ut
2/14/2008 38,425 c5as25-FOMXFO80.inp
211472008 631,465 ©58825:FOHXFO80.out
2/14/2008 38,425 csas25-FOHXF090.inp
2/14/2008 631,483 ¢sas25-FOHXF090.out
2/14/2008 38,425 €5a525-FOHXF100.inp
2/14/2008 631,577 csas25-FOHXF100.out
41112008 61,660 0343:000-24ass-e000.inp
4/1/2008 757 942 f6343:000-24as5-e000:0ut
4/1/2008 81,655 fodsc10-001-24ass-e000,inp
47112008 768,721 fodsc 0—'0,‘0_1’-24353@0’00', out

_4/1/2008 63,447 fodsc10-002-24as5-6000.inp
4112008 785179 fodsc]0-002-24as5-600D.out
4/1/2008 63447 | fodsc10-003-24ass-6000.inp
47142008 784,992 fodsc10:003-24as5-€000.0ut
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Dats Size (Bytes) __File name.

4/1/2008 63,447 fodsc10-004-24ass-e000.inp
4/1/2008 784,922 " fodsc10-004-24ass-e000.out
4/1/2008 64,879 fodsc10-01 1-24ass-e000.inp-
41112008 780,304: | fodsc10-011-24ass-e000.out
41212008 64,348 fodsé10-021-24a55-e000.inp
44212008 782:194 fodsc10-021-24ass-e000.0out
4/2/2008 84,193 fodsc10-022-24as5-2000.inp
41212008 785,972 fodsc10-022-24ass5-2000.0ut
41212008 65,203 fodsc10-031-24ass-000.inp
4212008 795,337 Fodsc10-031-24as55-2000.0ut
4/212008 65207  fodsc10-041-24ass-2000.inp
44212008 - 795,269 fodsc10-041-24ass-2000.0ut
4/2/2008 65,216 fodsc10-041-24ass-e005.inp
4/2/2008 791,800 fodsc10-041-24ass-e005.out

- 4/2/2008 65216 forsc10-041-24as5-e010:inp
4/2{2008 792,075 fodsc10-041-24ass-e010.0ut
47212008 65216 fodsc10:041-24ass5-e020.inp
4/212008 792105 . | fodsel10-041-24ass-e020.0ut
4/2/2008 85216 “fodsc10-041-24as5-e030.inp .
41272008 791918 fodsc10-041-24as5-e030.0ul
41212008 65:216 fodsc10-041-24ass-2040.inp
41212008 792092 fodsc10-041-24as5-2040, 01t
47212008 65216 ~ fodsc10-041-24ass-e050.inp
44212008 791.880. fodsc10-041-24ass-e050.0ut
41212008 . 68,215 fodsc10-041-24ass-e060.inp
4/212008 791,848 fodsc10-041-24ass-e060.out

41212008 . .65,216 fodsc10-041-24ass-e070:4np
41212008 791,918 fodsc10-041-24as5-e070.0ut
4/2/2008 65,216 fodsc10-041-24ass-2080.inp
4/2/2008 791,858 - fodsc10-041-24as5-¢080.0ut
4/2/2008 65,216 " fodsc10-041-24as5-2090.inp
4/272008 792,598 fodsc10:041-24ass-e080,0u
4272008 | 65216 fodsc10-041-24ass-e100.inp

41272008 794,746 fodsc10-041-24as8-6100.0ut
41212008 65,200 fodsc10-061-24ass-¢000.inp |
41212008 794,356 fodsc10-051-24as5-e000.0ut. ¢




