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1.0 PURPOSE

The purpose of this calculation package is to. determine the effect of loading fuel assemblies
with known or suspected cladding defects greater than a pinhole or hairline cracks on the
criticality of the NUHOMS®-24P FO- I FC- DSCs. The NUHOMSe-24P FO-I FC- DSCs

are, designed to be loaded with intact B&W 16xl 5 fuel assemblies. The NUHOMS -24P
FF- DSC is designed to be loaded with failed B&W 15xI 5 fuel assemblies,

An evaluation performed by the Sacramento Municipal Utility District (SMUD) at the Rancho
Seco Plant determined that some of the fuel assemblies that were loaded in the FO- / FC-

DSCs contained cladding defects that were greater than a hairline crack or a pinhole. This
evaluation, documented in, reference [2.9] that 5 DSCs out of the 20 loaded DSCs
contained such damaged assemblies with one DSC being loaded with a maximum of 2
suspected damaged assemblies. The spent fuel parameters (initial enrichment, 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 damaged assemblies,
as loaded within the F1- ./FC- DSC.

The results of this calculation will demonstrate that the criticality safety of the
NUH-lOMSk-24P F0- I FC_- DSCs loaded wiIth damaged fuel assemblies (one or two

assemblies per DSC With limited damaged) in an as loaded configuration i s.no.t affected.
These results will demonstrate that thoek, values of such DSCs are bounded by the design
basis kfsr of the NUHOMSO-24P FO- I FCO- DSCs.

2.0 REFERENCES

2.1 Transnuclear Calculation NUH005.0650, "Rancho Seco NUHOMSP-24P Criticality

Analysis -FF- DSCs (for intact and failed fuel), Revision 5.

2.2 Transnuclear Calculation NUH005.0651, "Rancho Seco NUHOMS -24P Criticality
Analysis -FO- and FC- DSCs, Revision 3.

2.3 Transnuclear Calculation NUH005.0652, ",Rancho Seco NUHOMSV-24P Criticality
Analysis -Atom Density Calculations, Revision 3.

2.4 Transnuclear Calculation NUH005.0655, "Rancho Seco NUHOMSe -24P Criticality

Analysis -Calculation of kerr, Revision 3.

2.5 Transnuclear Calculation NUH32PTH1-0602, "KENO V.a Benchmarks for

Criticality Analysis," Revision 0.
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2.6 Oak Ridge National Laboratory, RSIC Computer Code Collectionj SCALE: A
Modular Code SyStermifor Performing Standardized Computer Anfalysis for
Licensing Evaluations for Workstations and Personal Computers," NUREGiCR-
0200, Revision 6, ORNL/NU0REGICSD-2/V2/R6.

2.-7 Design Input Document -Transnuclear file No. DI-13302-01, TDSC Loading Data,"
listing the parameters of the Spent Fuel as loaded for each DSC.

2.8 Design Input Document - Transnuclear file No. D-!3302-02- "Location of Fuel
Assemblies in Loaded DSCs,' identifying the fuel assembly and its position within
each of the loaded DSCs.

2.9 Design Input Document - Transnuclear file No. Dli13302.03, "Evaluation of
Damaged Assembies," providing details of the extent of damage.

2.10 U.S. Nuclear Regulatory Commission, "Criticality Benchmiark Guide for Light-
Water-Reactor fuel in Transp.ortation and Storage Packagesj'I NUREGIC.R-6361,
Published March 1997, ORNL/TM-11321 1.

2.11 U.1S. Nuclear Regulatory Commission 'Recommendations for Preparing the
Criticality Safety Evaluation of Transportation Packages," NUREG/CR-5661,
Published April 1997, ORNLTM-1 1936.
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30, NOMENCLATURE

DSC Dry Shielded Canister

A double seal-welded stainless steel vessel which has integral shielded. end plugs and
an aluminum flame-sprayed carbon steel basket assembly. The basket is designed to
maintain subcriticality by fixed neutron, absorber panels and geometry control. There
are three types of DSCs at Rancho Se~o:

FO'-DSC Fuel-Only DSC

A shurt-cavity DSC for storing 24 fuel assemblies without any associated non-fuel
hardware, The basket has berated neutron absorbing panels. The DSC end plUgs are
solid carbon steel.:

FC-DSC Fuel-With-Control-C orpopnent DSC:

A long-cavity DSC for: storing 24, fuel assemblies with their associated non-fuel
hardware. The basket has borated neutron absorbing panels. The OSC end plugs are
composite lead/stainless steel.

FF-DSC Failed Fuel DSC

A long-cavity DSC for storing 13 fuel assemblies without any associated non-fuel
hardware. Fuel with damaged cladding or minor structural damage. may be stored in
the FF-DSC. The basket has thick unborated stainless steel guide tubes.. The DSC
end plugs are composite lead/stainless steel.

HSMI Horizontal Storage Module

A passive concrete bunker which provides biological shielding and missile protection for
the IDSC during onsite storage.

MP187 Cask NUHOMS® MultiPurpose-187 Cask,

A dual-purpos~e cask for off-site transportation (10CFR71). The MP187 also'serves a
function as the transfer cask to carry loaded, sealed DSCs from the Fuel Building to the
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-t FC.- DS~s. The
design basis criticality cases from reference [2.2] were modified to be compatible with the
CSAS25 calculational module. Criticality benchmarks were performed to determine a (1SL
for the NU-I.-OMS0-24P FO- i FC- DSC with the SCALE4.4 code package, The results of
the criticality calculations for the design basis intact assemblies show that the maximum
calculated k,1 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 i'nodeling of the DSC was
quantified to.be approximately 0.005 Akef, The evaluated damaged configurations ranged
from modeling a row of de-cladded fuel rods within the guyide-sleeves to miodeling a 2 -

40x40 array of fuel pellets at the bottom of the DSC. These configurations conservatively
cover all postulated damage ranging from cracking of the cladding to complete cladding
damage of several fuel rods.

The maximum keff for the NUHOMSe-24P FO-7 /FC- DSC in an as loaded. configuration with
two damaged assemblies is calculated to be.0.9.151;, This value is well below the design
basis m aximum kefi. of 0;9298 for the FO- / FC- OSC. These, results demonstrate that the
loading Of damaged fuel assemblies with damage greater than pinhole or hairline crack does

not result in a ny significant impact on the criticality of the sstem..
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8.0 APPENDIX

8.1 File Listing

Computer Software: SCALE 4.4 PC (CSAS25 Module)
Software. Version: Co0545MNYCPOO
C6mputer Type* PC Worhstation with Windows-XP

CSAS25 Iriput and Output Files
. D... . t ....... =i

Date sl~~ts File name211412004 I~ ~~ ~~~ 3.,42_ ... .s5F H F 0 . +.............
2114/2008 . 38,425 csas25-FOHXFOOO in

2114/2008 - csas25-FOHXF0050JUt

2!1W62008 631,619 .__s25_iXFO0..oUt,
2/14W2008 f 38;425 csas25'FOHXFO-020np....
2/14;2008 6_31.74 csas25-FOHXF01 0.out
2i1412008 38 425 'csas25-FOHXF020.inp
2I14J2008 631,782 csas25-FOHXF02O.0ut _

2/!412008 [5: . dsas25M-FOHXF030.inp

2]14/2008 i= .... 6443.1,291 .... .+ csas25-FOHXF04O&out
2/14/2008 38 __25 CSaS25:FQHXF050in~p...+2/1412008 _...631,571 csas25-FOHXF050.Out
2.1412008 _38,425 _ csas25-FOHXFO060.inp•211 4/2008 t31,487 cs;;s25-FOHIFO U t

:_ 2,!+,•142.+,.J)• ............. [ • , . ........... s2.....H F0 0i• t:

211412008 3842.5 A __ csas25-FOHXF7jn --.
2/14/2008 631,4065 . csas25-FOHXF080,out
2-14/2008 3__ ,8425 T csas25-FOHXF09O.inp

/14120 .~~0838425 .. sas25-FOHXFo t .....
2/!14/2008 631,45 csas25;FOHXF00.out
211412008 ' 6 " csa325sFOHXF090.inp _

............ 4);i• 6408 i ' 6~~~~..............s lO• Oi.2 a- • ......

2/14/2008 31644 csas25-foxOHXOOout
2/14/2008 8_ ý~25 ~cSas25-FOlHXFO8Oinp
,2/14/2008 61 ,4657 csas257-FOH-XF1080. out
2414/2008 318620 dsa343-00024aXF000.i
2i_ 4 /0--i- 75,423 csas23-FOH24aX-00.out......
4/1142008 61,655 1 fos"25-FOHX124s-00,inp
214/1 2008 7631,721- Ttdcl 00024aSSF O OOout,

4/1/2008 63,447 fodsc100-02-24ass..eojo.in..-
4/112008 785,179 2 fodscl 00021-24ass-e000. out

4/1/2008 63441 fodsol 07003-24ass-eQ00.inj,
4/1/2008 63,4474.._.9 fbdscl00-003-24qss-eOqO np-• 41112008 ... 8{J4,.9,92 --- d_• cl ý.03+:248SssmeOO -Oout-.
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4/2/2008 K 621t
4/12.008 79..2,0.75
4/2/.2008 1. 65,216
4/212008 792•1.05

4 2/212008 791 918:
412/2008 11 65,216
4/212008 I 792L092

4/2/2008 I 791688
........... 4.2..0 .... .... .6 5 -- ___-4/2/2008 1 791'138

4/212008 .65216
41I2/2008 7918484022008- 65X21_6__
4;/2)2008 791;1 88

_4/22008 '%6_,216
4/22008, 79,1.598_

4022008 65,216ý
4/212008 _ 791,746
4/212008 65,200
4/2/2008 7435ý6

File name_
fodscl 0-0P4-24ass-e000.iQn
fodsci O-004-24ass-eOOO.out
fodscl0"01 1-24ass-e000inp
fodscl 7030 1-24ass-eOOO.nbut
fodsciO-021 -24ass-eOOO.onp
fodscl 0-021-24ass-e00.out
fodscl.0-022-24assw-e2000, i.hp .
fodscl.0-022-24ass-eO20.out
fodscI O-0.I-24assý-eOOO.inj.
fodscl-0)-031-24ass-eOOO.out

fodsc 0-*041-24ass-eOOO, 4ou
fodscl 0-041-24ass-e0500.ino

- fodscl0-041-24ass-e005.out
fodscl 0-041-24ass-e46ijinp '
foadsc10-041-24ass-e00,i 

outfodsc 16-41 -24ass-eO2 ou0 p
fodscl 0-041-24ass-e020out
fodscl 0-041 -2•4ass-eO .n..
fodscl 0-041-24ass-e080.out

1oo _0-04'1_- -2 4ass-e040np_
fodscl 0-041-24ass-eO40..ut
fodscl 0-04 1-24ass-eO50.inp
fodscl 0-041-24ass-e050.out
fodsc1 0411-24ass-eO6O.inp
fodsel0-041-24 ass-e060 out
... ... ....fodsGl 0!-041 -24ass-eO7Oinp
fbdscl -O-041-24ass-eO7Foujt

fodcl004 -2ass-e080,inpý
fodsOl -04 1-24ass-e080.ouLt
fbdscl0-O)4124ass-eO90. inp
fbdsclO-041-ý24ass-eOUO~out

___Idscl 0-041 -24 ass- el100. inp
fods~cl0-041i-24ass-eiOO0outI fodsc10-051-24ass-eOOO~n
fodsbl0-051-24'ass-eOOO'5out.


