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1.0 GENERAL.DESCRIPTION

-NAC International Inc. (NAC) has designed a Multi-Purpose Caniste--systern (NAC-MPC) for
thelong-temn storage of spent nuclear fuel M. The NAC-MPC system conmsts-of a trazsportable
storage canister, vertical conercte-cask, and'a traiisfe cask.

The transportable storage canister is designed and fabricated to meet. the requiements for
transport in the NAC Storable Transport Cask (NAC-STC) wid to be compatible witli the U.S,.
Deprtrxnent of Energy (DOE) MPC Dsign Procurement Specification so as not to preclude &e
pbssibility of permanent disposal in a deep Mined Cyeol6giMal Pisposal Syste.

In' long-tjrm storage, the transportable storge canister is initalled hi a vertical doncrc- .•ask*
which provides passive radiation shielding and natural convection-cooling. The vertical co ncwti
storage task also provides piotection during storage for the transportable storage canister under
adverse envirofimentaf:conditions. The.NAC-MtC employs a double-welde4 closure designmto
preclude lossof contents and to preserve the general health and •afety of the public during long-
term storage'of spent fuel-.

The transfer cask is used to move the transportabje storage canister fromi the work stations where
the canister is Joded and -closed to the vertical concrete cask. It :is also uised to tr'ftzer- the
canister frot.the vertical concr6te cask to the NAC-STC-for transpor,

This Safety Analysis Report demonstrates the ability of the NAC.MPC System tQ satisfy the
-Nuclear Regulatory Commission (NRC)-requirements for the storage bf spent fuel, as prescribed

by 10 CFR72E.

This chapter provides a general description of the major components of the system and a
description of the system operation. The terminology-used throughoutjhis report is summarized

in Table 1-1.

0
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Table I-I Te tinology

.NAC-STC Cak

. System

transportable Stowage
Canlister (Canister).

Contents

Canister Basket

The licensed spent-fue! transport cask consi-ting of a- spent fuel
storable tanspon cask body with dualr closure lids and energ.-
bsorbing impact liniters (Certificate of C.ompliance No. 71-9233).

The ,components of the tr.nspoitable storage caz.ster intended to
remain the radioactive material 'during storage.

Ike stainless ftel cylindrical:shell, bottom end plite; shield lid, and
structural-id that holds the -spet fuel' • basket-

Up to 36 pressurized-water xea&bi-(PWR.) fuel amsmblies E "n the
transportable storage canister.

The structute placed in the transportable storage canister to support
the ruel -asseniblies,(fuel basket) M.

A circular stainless steel plate With square holes machined, in a
symnnetrical pattern that- provides the primary lateral losd-bean
coihponent of the basket.

A .circular aluminum- plate with square holes machined in. a
symmetrical-pattern. The heat transfer disk enhances heat transfer in
the fuel basket.

A stainless steel tube having a square cross-section and BORAL
neutron poison material on its exterior surfaces,

- Supp6rt Disk

-Heat-Transfer
"Disk

- Puel Tube

4
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Table.1-1 iTd-miiology (Continued)

-Tiew.od

- Split Spacer

Shield Lid,

- Drain Port

A stainl.ss steelrlod used to align the supports disks and heat transfer
.disks.in.the-ful basket strucum.

Sp' c~r,•.ist.•led on.the tie rod between the support disks-to properly
poitiodn, ekd provide axial support-for, the support disks andthe heat
trabsek disks.

The pfrioary confinement boundary forthe canigter. It is locIt,
dilectlyihbove thecanitter basket

A penetrati6n locAted in ie .shield lid to perpit draining of the-
canister cavity.

A penetration located in the shield lid to. aid in draining and
batkfilling the canister cavity.

The.stainless steel cqvers 4that close the vent and drain ports, which
are *elded in place following driining, .drying,. abd" backfilling
operations,

The secondary confinement boundary for the canister. The.structural
lid provides the lifting point for the. loaded canister.

The quick-.disconnect valved nipple used in the vent and drain ports
:A facilitate operations.

- Vent Port

- Port Cqvcr

Structural Lid

Quick Disconnect

1-3
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Table 1-1 lnftinology (Continued)

Yan .ceClakSpent

Fuel

Reconfigured Fuel

Assembly

Failed Fuel

Vertical Concrete

- Shield Plug

:Lid

Fuel that inclu.es United Nuclear Type Aand Type B,.Combustion
Engineering Type Aand Type B, Exicon-ANF Type.A and Type B,
andWestinghouse Type A and Type B spent fuel assemblies.

A component having the same extMW dimension as.a staidard•'fuel
assembly that ehsures geometry control and c9finement of Yankee
Class spent fuel having cIadding d(ects. Th7 Reconfigured Fuel
Assembly can contdin a maximuin of 64full lefgth fuel odi.

Individual Yankee Class spent fuel .rod 'having cladding defects
identified by -iispection or testing; or rod sections having gross
cladding defects..

A J concrete closed at the top end.by a shield
plug and lid thati' the •canister * during
storage. The cask is formed around a steel inner
linter and base.

A thick carbon steel plug-installed in the jop end of the storage cask
to reduce skyshine radiation. The shield plug contains a one-ir-h
thick neutron shield.

A thick carbon stee) ,bolted closure for the storage cask. "Ib lid
precludes access to the canister and provides additional radiation
s~hielding.

0
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- Liner

-Ban

Transfer Cask

-Transfer Cask
Lifting Trunnions

Adapter Plite

Margin of Safety

A thick carxoon steel shell, that fornm the annulus of the concrete
storage cask. The liner sevcs as the inner.form,-during concrete
pouring and piovides radiation shielding of the canister contents.

A carbon-steel weldment that contains the inlet ai vents, the storage
cask jacking points, and the".pedestal tliarsupports the canister inside
the .stoiage cask.

A shieldefliftingdevice for the etjpty and4loaded caister. It is used
for the vertical transfer of the•canster bltw§en work stations;and the
storage cask or the transpbrt cask. The transfer cask incorporates
'bottom doors that permit the "vrti.al loa#ng of the storage :aWd
transport caslk.

Two carbon steel trunnions used to lift and move.the transfer cask.

A cirbon steel plate tdt attaches tothetop of the transport or storage
cask to facilitate the installation and alignment rof the transfer cask.
It also provides the operating mechanism for the transfer cask bogota
doors.

An analytically determined value defined as. the "factor of safety"
minus 1. Factor of safety is also analytically determined and is
defined as. the allowable stress of a material divided by its actual
(calculated) stress.

1-5
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Table 1V-2 NUJREG-1536 Compliance-MatfixAm ~e Chiiptr..I - ea.o ptn
___________ Reapt..nwa- Ac es9!R Crtei l)cription of Compliance

The. applic.io;M must leseint a rsho prov.o.A gaeeral desciption ortha system isI. Gm d k~tk sd e'aplcriion6 m iddusstote epribe ge.$S.
General1esription and des" ý CUS 0 of the DCSP, over~iew ind a gcneral, non-propricta provided in Section 1.2.
OperatkW Faitis -.with -0-cial attention to design and description (including Illustratios) ofthe

opeiiaing.cbaactristics, unuual'or DiZSS, cleady'dentifying the fimctionsol"
novel design fcares, amd pcip m compoients and providin.g a lst of
safety cosid•erations. [10 CFR Part . those components clas.ified by the

.. T72.24{b)] ,applicant as being "uporttut to safety." ,
" L,'Stnucturc systemsr ad'wom , ts Theapplicat sould provide non- Drawings of the system ate provided in

(SSC-) important Lb safty must be proprietary lagwin .of the to4gie Section 1,. Safety €lasiikcationsarv
deur,'bed in suffickt detail tq enable system, of suffticiet ditall, that an irovid~i in Table 2.3-
.Vvic~vcws s evaluate their effectiveness. intercstedpaity can ascertan its major
.[t CFIt0 mPtia7•2.24(cX3)] desig, res ,adrenem operations. ___esgn

The applicant must'Pirovie spet.ifications. The a.•licant should characterimWe fuel A description oftle dontents to bastorrd
3DC$SSCoatatats f~ ~jg~p ort O.bg cd in and oaaradoacvewastesaxpeced to is presented i.Sectiou 1.2.3.

thi DCSS (noraaliy spent fuel)timhese -be stored in the DCSS. If the potential
*pe. jfliatis may include, but not be exists that the DCSS will be used to store
limited to, type ofspent fuel (i.e., boiling- deg'adedfuel, the SAR should Include a
water reactor (BWR), press•uized-water discussion of.how the sub-criticality and
reactor (PWR). or both), maximum relyievability requirements will be
allowable enaihment of tlib fuelbefore maigtaincd.
any Iradiation, burnup (I.e., megawatt-
days/metric.ton Uhnium), minimum
accejtable cooli'g timenof the spentfuel
befaoe stociae in the DCSSý(ag•d at'least
.year), miximumheat designed to be

dlssipatcd,.maximum spent-fuel 1Wadin
imit, coodiion.ofthe spnt fuel (I.e.,
Intact assembly or consolidatcd fuel
rods), weight:.iid nature of non-spent fuel
coutets, andined atmosph;er
requirements. [10 CrILPaat 2.2(aXl)

.. .. I and 10CFR Pit72.236(a)]
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Table I-2 NUREO-1536 ,ompliancc Matrix (Continil)
•A,a ... inq.,,..r.um,• " " Ac. r Crltrl ""a"••--,'•.---.•--:,,

The application mut inuclude t Therevi;wer hould lsure'lhzAFthetk4 Q uallfTeatim • ofrThe , c n • u l fc tg so h ~ i a t
Stechnical qu lificatirs of the applicant to applicant has cleary identified the roles Section 1.3.Applicant engage in the pios activities. au€ resposibilities thatihd DCSS
Qualifications shild include traini and designer, vendor, and other agentsisuch

lxpkce. [10 CFR Pan 72.24R0• " ak jiotenlal licensees, fabhe~ors, arid
CF' Part 72.28(a)j, contractors will have lathe review

.proce. Verify tA the applicant has
provided clear evidence demonstrating
that they ire qualified to engage nthe
proposed activities. in addition, verily
that the a•plicant has delineated the
•responsibilities for all-those who will be
involved In d'e construction and
operation of the DCSS itfknown. Thereviewer should ensure that the.applicant
his specitically defined activitles which
they will not Perform.

S. Quality Assurance IWe safety analysis reMrt (SAR) must Verify that.-he aMplicant has descrb•bd the Applicatit QA p,- ,;mnt Is presented ""include a desmption pf 'the applicant's proposed QA program, citing the. "ChaptIer 13.
quality assuprace (QA) program, with applicable implementing de This
reference to i6plementing procedures description sh6uldsatlsy s117This de "ption must tisfy the requirements oNO CFR Part72, Subpat
requirements of 10 CFR Part 72, Subpart 0,.that apply to the design; fabricatioin
G. and must be applied to DCSSSSC that cons•tWcjiohntesting, operation,
are important td'safety throughoui all modificatibn,,and decommissioning ofd1esigl, fabrMct construdtion, testing. the DCSS SSCs that ar important to
operations, modifications and saet.
.decommissioning activitie. Tiese
imple-mctlng procedures need not be
explicitly Included In the xpplicaJo.l 110CFRPxrt7i.24(n)j .'C6 Couslertiou ot10 CFR "rt' DC8S under c,•a;derationls I f the DCSS under review hWpreviously Tbhe trinsO SAR and Certific•te ofP previously been reviewed and certified be¢ee forusea h r ,Compliance are discussed in Sectioq

Part 7l.Pequrem~uts. foruseasatwnisportatlon cask, the .* msthesubml•Wais ilduincluce the ... 1
Reprgdlag Tramprt•lom application must include a copy of'the Put 71 Certificate of Compliance ad

Certiflafte ofC.omplline IM for the issocared docunents.
-DCSS under 10 C Part 71!, including
, drawings and other documents refeenced

In ara. [o c -r7.2 )1 . ____ ____110

-U.
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Table 1.2 NUREG-15136 Conmpliawe Mazix (Continwd)

-. ~~~Chaptir 2 -P..js D MAi N C
'Area - R uument .... Description of'

1. kutur, ysems sd 'heaplicantmnau denuty'afspV that Theaplian shudduss the gualThe safety clasiflcato ofsystem
Comp..eats Important ,are impwtba. to safety, and describe Ut* confi of thoe tS, and u coaponn amr decribed in Table 2.3-1.
(aSsety .ra.onships ofnon-important to safety provide an overview ofspecific

SSC oq ove•'XDCSS performanc. c, qponens and hedir intended functions.
'[10 (ER72.24()X3) an';724(d)J In additio-, the a icanishouldldentUf

those components deemed to be
Tie pplica• muit spocif the deiign impodmat to safrty, and should address Th design bascs and critia for the
:ba;md critei all SSC that ar •the sa&W femctions ofthose compoaens cem am sp=ecrwif Table .-1.
ilanptat to sety. [10 CFR 72.24(.1), in truq o(Iow they midthe general Dele4 desgn ckitela ae prueentd in

cX), 2..0(a) and (b)1 design citi and regulatoy Sect!o" 2.2
requiments discusudabove.
Addiloal InromoRailon coUceming
specific fiM1Miond quirei'eets for
individual DCSS components •re
idrewsed in the subsequent chapters of

___________ ___________ ___________ this SRP.._ _ _ _ _ _ _ _ _ _

I t %. I .
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Table 1-2 NlUREG-156 Complince Mnatrix(Contiin'ed.)

Areate z z reeu )JScflptl DONsre
L Dsig Baes or ieapplicant must provide the Mtie or~ Deaie desccHPaton osac olth JWen iics 0ouemsStr dares, Sytems, abd se..rsacatd ror thespent fuel to be sInred in specil seqloh .lddin ,•p. SpecificphysicalComponets Important to th DCSS. Thm.icait os sJou'jd otle 8AR; ,hqweI, a bWdoore .id in or Sme ct 1 V we sted Inf

Safety inc~udei but sie nuto to be limited to: the Iyp theseuareas, Iinduing a Anmury of"th
o. SeatFnt Spelfea ions boInvp mk naIiwtical sedmchniue used in the dedgn proomi,

A" SPe~at Irw"aIspedifievntio (DWR), .. zedrvM* rektor (PWR), ov should also bec,.•wed in Secion 2 ofthe
%both); content. weitgJ. dimension and SM. This dec lengves rik~wera-
*.configuiaations ofihe fitet:&naximwvun 

Mesetvo o pcfcDSS canp"nna..lowable enrilhnmt ofthe fuel before any interacit to met" t neguboey q ofirmiaion: maximrA rie] bdnm.up (i.e., 10.CFR •P17z2. "is di'cuis• soad be non.
meg daw s~tujrminimuni acceptable deirop~~y *Ok Kis~esi to fkMthezlcooling time of tle papi'fuel before stoirge phnto persen.. with the design'f ,f.tm_ and, in the OMS (aged at leOi'yew); maximum 'undinonditvi os of oe 6raon . a given

heat load o be dissipated; mnaximum spent IxCS.
fuel elements to be loaded; spent Wirl
condition (i.., intact assembly orconsoli.aW• Tbe applicantshould d6Ine the rMag OWd
fuel rods); and any Inerting atn~spheve otapent wuel or etherd nkacdve maeuals that*-requicmnnts. [NO CFR 7.(aXt) and IdM DCSS Is does!igd ostmme-In addition,72.236(a)l dtbespe'ireuobak "f aWu&, but aemnot

to be limited to, theýe ofspentfiel (Tu.
boliwoie reactor (BWR), mneIzmd.
rict'o(PWR), ertoth), w ofesore• d
eimetlas, dielom &ý conf~xigans; ofidii
uel m, maxmum i l iclunent of1thew fel

bef~e m hidhda,.b~iu(IAM, meg-a'Wa-Sday1fmt_, _i iua acceptable cooin tm of
t1epei f WoesamrSg Ihi; hDCSS
(aged iM leerti yew). Muuithim beat designed
t be di Ip mow mmt6b ofspent fud

!lr~ns ondimiof the sent fue (Li, iondac
asmsiiutmerrm rodu~f rode), hmctig

•I erirurplearn, and tdw mmdutlin
monunmtaof hIMpermhte'ar srasge in the
DCS.'For DdStsdo wifllbe md toaMori

~dveasuah ~r tan spent Awk dust

fuwassmbly(e~g, oolawftids, DWRhue
ctannels), the applicmui0 Fhu Ipc~th ye

Aww issorr S' m isdfrsoae i n h
___________ -. 'DS ____________

U
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Table 1-2 N. NU4REG-1536 Complial-cc Matrix (ContinýWe4)
....... " ,Cbapter-t2Pruapa.Aeig- crttna ________.___,

'"" tmet "" . .m !c Crkra DeIrptipe Oi Compumsaw
. ThedesigrLba fso.rsSC m n t to we t-SARs d e~I-bonding Inc envuonmew -•• Uons; nAUUW

Stmcta, SI m~ I sfety must reflect an appmropate conditions under which the DCSSIs phenomena consldereais des~gn bases
Com"Icntsiaspox.taat to. e expected to opirate. Such conditions r described In Section 22.

,,.anndduor assoiated with nonm. We , bckh nonal an ofr-nma.
b. Exenu Codit~es apaogKas ells Jsiv takxvfront~nal conditions. as Wenl as

. k.consduuti*onras for both normal and a.cidit.;o•.tio~z. in additin , the
=6iendt codition and ii•iciffects f applicat should consder the.efects of

iatuiWa phinomena events. liatuml events. such as torade
-[10.CF.72.122.tb)]. -e:th•uake4, 11odA and-lghtning strikes

'1 i effects otsuch even••'are addressed
i Inndividua1chaptar-,orthe SRP (e.g.,
ibe effects ofaa earthquake on the D=
strud•uN qomponehts are addressed in

. ..... • ,.

'86 agt Syitem• a. (General
sothe spentfueits!4r &,piniirum of 26*
years iad'to.jOmit malntenance as
required.[':10 CFk 72.236(g),

SSC imoddant to safetymust be
designed, fabricated, erected, and tesied
to qdality .iandat d commensu&te-with'

,the:i cc to safety of the function to
ibepe.fopnem• 1 .0'CFRI72:22(a)]

The apoipjciat mulidentill.alI'4desand
standards applicabieto theSSC. [I0CFR
72,24(c,4)(,

1lhe-AKshiould define an expected
iildt"Okfor the ".c4k design. Thl staff has
acceited a miin•uu o420 years as
.grnsistent with the liceining peiod. The
applicant should also briefl!, desecibe the
pI.posed quality assuranc,&(QA)
pugram, and applicable industrycodes

.Ud standards, that will be applied to the
design,'f i on, constnction, and
opetation, of thi DCSS.

Jnmesablishing.normal and off-tnonnal
conditions applicable to the disign
criteria for DCSS designs, applicants
sbeiddaccount for actual facility
i6peraig condifons. Design
cosiderations should therefore lect
nonna operational rg es includingtany
seasonal variations or effect,,-

Ing cod" and Stanan"Is of agn andra
construction of the system arespecifed in
Section 3.12.

*1

I) STCVS* * * - . I
*6~* 4

• , ,o

4.'.
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Table 1-24 NUIE G-M56 Compliance Matri n (',nud U)
_____________________-mea_ Lflupter 2- Priae sii Criterit"-"Arta , . ~Requireeat. . Acepta,.e rte"i " :Dccrlptlon o Cemplame ,

,J. Deusgn .riteria for•alety SSCihat-are important to safety must B The SAR should dWine hoW.,th.D(CSS A discusion 'f .the structural'designP aotloi. Systetvs -.d.igned'to a rommodate the comhbined sffifttural colipoftents are designed to criteria are presented In teýt.n,2.2.'loads of ndMial operationfs, accidents, and' acicmniodate combinednnormal,off- Combined. oadings am addressedb. Structural -natural phenomena dvents with an I normal, andacdint)loads, while specifi.glJy'I ntctlon 2.2-5- AInd in
adequate margin ofsafety. (10 CFi protecting tht'ftS$ contenkts from Tables2;2.2.fid.2.2-3.72.24()(3), 72.122(b), and 11.122(c)] signifirant Oructuraldegradation,

d b criticali!•',nd jons §fonfincment, while .1he design-basis ekhquae must be . '.reseinrtrevbility. This discussion 7he dbsign-Wi ,.itulihquake.is specifiedequivalent tpor exceed t&e safe shutdown '1i kenerally a sum.mary,orthe analytical inSetioia2.MJn acco*nce*•th 10eiAllquake-ofta nuclear plant at sihes ,t.hniquescand'caicbhlilitnal results'fromn CFR 72A.02 criteria;evaluatid dnder,-l0 CFR Part 100. [10, ;thb'detailedl'aiilysis discussgd In SAP' : CFR 72.102(f)] .ectin 3 and~shbuld be pfisqntedln anon-proprietay form. Becauseh•e syttem-maintiins ad'q!atb.
Th! DCSS.nust nibintain confinement of '.margins ,tfsafeti.durti~g nomaal(S•dionradioactive materlailwithin the limits of 3A.4.1),'dff-•ormai,(Secto#l 1'11) ai ,".10 CFR Pnrt 72 and Pan 20, under ,. accident-co~hdition,(Se•ibn 1.1.2) events,normal, off-nornal, and credible accident ionfihe nent of thd .riioacdve material isconditions. I10 CFR 72.236(I)) assured.
The DCSS must be designed rid ''.'Beiuesb the systemmaintaida•'mequetefabricated so digt'the spent fuel Is structitril margins ofsafety ddfihg,"maintained iq aRijcritical conditiop:r.4 , nonral; off-nothial and'a€cldeiltvide- all credible normal, "ff-orr"al, conditidn events, critickt] te'onbtl is:an4pc Wldent e6nditions. , " , sured basd on the anal~espresented'116&R 72.124(a) and 72.236(c)] ,,, in'Chapter6.
The. pent fuel claddingmusl be pro.tb ed '.hnaxlmum allowable cadding
durinj storage against deur~4ation thai "' e-r. peqifled-fn Tables 4,1londs-togrossptup~ri., 6ýfh. fuel muit aieand'4.1-3. The!tratureresults fdr the I•-be othreise confined such that " fuel.clt~dingAWied:] ,Tble 4.1'4show,.kIadtioifot the fuel durjn.Avorage 'that thE allowable'ddd'ig tempemtr, l1 n psý operational sAfe•y:problemrs; are not exceeded:. 'tl•e.f9cM the fuelwith respedto its removal fOAi storag.e., .. cladding is-prote alns.jegraýation::lO.CFR 72.l22(hXl) ' during;stoage."

Storamsysteims must be desiged to ,.. :,:.As.desciibed In Section -1:2, thm'"skt.. .allowmfev edf ed to be readily transported v-sfoat urther'l•cessing 9rdispoel. (i -n .e;.sofory furrther o slng oi,... R 7 .1 ) ,. "

I.,

I. ~

:1.

U
I.

I. '
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Table 1-2 MNREG-1536.ComplzcýMatdu'(Continued)

.. " Are ... """.•I•atmatt. *." AelepaaeCritetla ,•crptigou rComplianc

Pro4,c~o~a Sys.ewa sysk imus5. be de.lsgn.' with a dIscwalknofo proposdhca&Ltnnovad capa.ilityofthe stgesym Is
, Th-mhal hetm r .oval cabblity having tes*blity mnIaiLsnsucludingtherlabilityimd d=ibed - Sectioa23.32. Thed iCabity, cotsistent witu Its vanidll t -bhlfstandy rmliability of"h t heat removal system as

consstet wih is' vifibilty o"ItCohani an anyn ipasg
impoCUnec, to safety. (10 GCR.L asoc.ated iita..iiios. Ailheat." noval 'de ~m1ate 1q3Cr4. ind1

"72.123(aX4)1: • iiec should be passive and coasi t eiat with the tawz 1
Indepemnnt ofUtervenCig scatms udder monit.rin* and toutine; srveillancg
normal and off-Amual condiotons. descnbed in Section 23.32 ta cnsure

continued safe operaton

The DCSS m. "tbe designed to.rovide As shown In Table 4.1-4, the stomge
adequate bltacidoval capacity without W We s rovi Mad -., hentrcmoval
a - 1 CER lihpasive cooling deSign.0eaues0dsribed in Section LZ,...

'.4

.4

'4

,I

4...' 'I
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Table 1-2 IIUREG-1536 Compliance Matrix (Conitinued).I__________ usupler A- F MtClpIP unisig CrHtUMj Area !vleet-wAccptnce CriteirlsLe~~~ou I~~C.3. XDeftan ritena lorgsarly- inen WRS3MINRT pi1wapin tol dcietoeiaus Ic on-imlanent 15awi i g~ we aermoedradW A~ig ad aroden~eekws dd odw s* h '' - oc~atmalswoter InSecion 2.32-1. while the swdiatlenarestdridewtomettof 10 CR and mvnibers o W dubed --dtbicaaiet W-ed ~ euwe described btd.Skalthsfsmnt 210w7.16 IAR I6a) adiation dosam-wki relenaseor radledtiye sectlo.3j R~ia~.. ce,, 72.128(ak(272.l2B(iX3). wAd712.2d)I mikleral, and mirimize tMedose after any drf-ý,normasbr accident conditions.Daft onsanDpderuiats aed SectIon 0.4 pfcsents the ,aeCesb minimumi~xuaes te os *w~, oay site bolmndar ditances ffam an oruyowea idM t'inisocd eyndthe lOaded stofge systems to meet fte b olledvMco fled g Mriis notexed 25 ,manlo the w"e dose limits.v~leal body. 7S-mmm to thiettTodrynd 25

imn 1ns0ayetheorgmtsaradt oritOSWCM
dis'wctotegnrial 

*

enVmtoltaruloaa3)eany othe

uwtadselev'm~ 722~4(d). 72.104(a).

As Staed In Section, 102.2. there Is nqAnyhA&W ocd~trbwW heiews*pastuliwe accident condli on tha would result,bo~mwyaidy wootro~ledamshalimntcdvea M a eitseaf of"4rdloci'~ mM~atits.1dm pVm tm5 m n to hev~tble bedor 11,hefM; the accient daie limit Is metfe mxW" v wacldent. hnulaI disianeff t WIbe~i fud hmAdin~id storapbe iitieslofthnws boundaryof
7124d). 224m), 72.106b),0iii =W2Ld0 cnt Theeduat sealing fealure oft~he7Z24~4(m. 72~d~b and3E~dI .confinemernt System wem presentd In Section11aeDCSS mu derag"VW to pmvldU 2.3.2:1.,edimdasmligofreafemetsysmv.(10
CF77.236(p)) 

As described inSection 2.3.11 fte systam Is
passive ind can olerate .~Ipsuaebl~qy~reendeo~amoitcr~g~osnwer nomal, off-normal pand wedte t "hIestidthtie~~Od~~IaftemaintainIn safi storAe .. IIIesfthe%tencrnsceftutioneedtobe taken to fuel.Aaeli~i Appendix F 1A MI Sectionmitueso~unifitons. [b0aR 3.1.7, temperatuemontm is Utiized 672.5ýiX4)pmd7i.I22(*XI)j vedi~ tha the systewis operatng condtiions

7beDCSS 
rcnmuairtkieedbln~nam~nua~oce Mo (&syarnswto App~ndbt 12A. Section 3.1.7 and Sectlon 12.4jnoIseSSd thawe xwtosdfeeyowr Ao.sdpec the suyI~ei reuft eet for the_________________ dsa m!rd cifflamnvu system ude .condionadafenovenim b~sWjdmftidb sow MepwdctIve Mmeseativitiesswe-

j - Within its
M2 rol !!fOFFtI av all times.



NALC-bM SAR
lodcketNo; 72-lO0.5

Table 1-2 NUREG-1536 Comawpuce batriic(CooaduedJ

NEWr~s( pacCi~rk________

taa *mbcxW7aL c l

Whigil OR' -------- s

_____ _____ _____ __ efica 10 TICFUL__ 
__ __ __ __ __ __ _

IN
d I



MNK S
0

JuuMAY 1999

Ae~rumw

_~va Rrmqq~~_I•~_.~Criw.a

~~~~~~~~R" * cc""-_______________ | ewipulsc...Cmu." ce
W.V

~R~I~U

y,~ #s~dngbw'ewa~i~

TZ Ie F•1• It|

=P*O•rM•we= ,O= t' 10 C4

To~e~ig~b~e eDCSS ittu

11C RI 0wkrA iL I DWIc

U=aappIct hOalid jum ode po•i•a -
Ikuogwithru gico ww~ikt M

cc"'Iatenu L~ma1, Drr~w.mL andlft.•- ding l ,et lu, l •dig, M1dull d

Ob>r Impomitpm• mshou ibeld be
uwtaenl* bemq Apomftayhoofe
loprnvi-de moe&- procukvc to-- used as

I

unr

Ihe pco"dwm iftade metbofs for
sew-tiie4in s~pent flael aftersiog tor

*aiomctye wags,, ethua• 5 liisedTohec transpot oreee•tk.•eomto theseus

the Sysam ed to h~Sect2.4
ft orneeeduI nor

amoiut hctade poAclorthing ind

potp6hM*l ehets fm that seml
bhe mzisie y deslgwd to tacilwd

Thenww 2 ~iroaon wlwkeqponidew
23.. tt-jw 2eiLth.efe

tha does loe emoet mi detwola"eimo w rnaklitax ALAM.c

I
I IL

M,



0
NAC-MPC SAR
Docket No. 72-1025 JJua)•- C9•

Ta"c 1-2 NUREG-1536 Comp4iance Matix (Continued)

________________Cba~itr2- imPAK Dalga Crtkada

X IfmgaTe d"css d. C tpataig bephthud dsiyteziu$tiaW13&aMi
Preectlsyms mn*•essct wqaktd. O C ndwui y o . ,CO&Za ,pd ... , i % w

7=6W

91• "rLI2Kft I)|

g. Acmgiweuats and u aaiim•nwt•

=mct ctosad eior safay ustobe m ksewedta s theapbal
d&si~ned Uba&ic4d mrecad. s landm D=S cmpmpoaW 16 parfos their

4~mtaeso qaandty dmaadfi.riosLad#to. h
coinmcnsne** h po time wkb dds

ISP•I d othadf•.y c),Mgsiw

iisd 72.128(a)(1))

J. sa Unis Cgt Wae ke The OCS mus ber emtic ithwet C~ssksbahMidbed9ipd~teOIfCW UC"A1IWci*5 51%;X
?rs~ethesSys ~as. .y unlodiag raciliss (10 CPR den salious and eaem4dIiWdI OW2

dcscdbtths WO ac~m9 the
decoaawainkamvi& Pwvbimimusnsabe
nade to ailkd onuukaai M of

+suu a, d eqeamt wad to minimiz.
the q... ld w ofT q.ioatv. .waste.

conuined mAcleas #Atshe time the
ISFSI bs pumandhy demuntaioeIL
110 CFR 7224W. &Lt30. and 72.6(1)1

Mw ap~c mus pwk iarOIUmifm
COecu~rn thpo~e OOdpgsC0e&WAn
prcedxim flardeconathuwing "shkt
*ad fa~kcilsoesa fiardklosagottmskl -a

will adequas ypcosect th. hekaitAd
M"5yordFthak- tlQ0CFR72.4(sz)

________________ Md 1230(a)i I ________________ ________________



Voc-. ,4R
*1

iw~ymy19
Reyjiwaoc

.TOW 1-2 N qF.-1336 Con~iance Matrix (Cnmvd

* - 0..pWr~ -~hu~hr~ ~v~m1iou, ____________________________

___________ ______________________ Ds.ew~miaIC~~.~w..1 ýU W U FI-S -to so" am

we d t4), a sweU *s 10 CF t72.1 M(a), (b). vAM (c).

10 R 72,24fX3)

xCm 71.',KcX4)

Cmiipaeea lmpcrtitso Saft"

Ceomeaus efApokicmio Aop13cable Cades

R0OC 72122a) O~da1 aftrweMs t"m1kySbndM~d

CoI 1 , dst,•dsson mi polod mseckm M.
3.1.1,

The qmdmkyi I orde, sy O me poe b T-
23.1.

Te sylsel Is wc aw.fl, for uomM %,u
Iom. he Sec6cw3.4.4u'd3.43.. otr~meotr ml d a wt

,ds,, we vuhed in Sec" 11.1 nd 1 1.2. reqmcty.

bes yme. bewlumied Iofie and exlOSIye 1 4' im

IOCP :72.122(b)

10 CFR 77-122(c)

Off1Rh'wKaws Przloftd Ap, st

14,and Ewpkwim

w



NAC-MPC'gAR
Doce No, 72-1025
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Table 1-2 NUREO-1536 Comjfliande MaWx(Conoinued)
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_________ _~' _... . . - ChA- OW--S--Wc, -'. .Ev___ ,,___.__- __- -_ - . .....
__I~Ac. &C.& Caibda I - aiiovcCma

I. _,- r -- at ca- I
s. sao.Ceaoena•-Cask

-Rb* stu~uer tawic~ajo, Ma-teatlRgOEth coMM"mese
sysm ad its muadmit scalisi system should comaply ws an
acep.abcq ,ode or andard, such a••Sectio IlI ofthe Boile.d
Wmsurs VesseCode (B&PY) .usiulAedby she Ainicus
society of Mchmical e ( . CteNw Chsswccpd
use ofei•be Subeectf NB or Subsectiom NC of th" cod) Other

desgncoesor standus maiy be accep~tae depawdig im their

L The NRC a levualestx theg thiitaoo aonallowa"
sta uqLsMains in the cmi wimat cask. ninfomcd concide
compmienhoesu tm, cocpoa ils hipsa to salety and othr
compontms sub-ct to nrvkw, by c.,niped with trse
speciffind b applicabic code s*lrd 3das What celai
peoposed load coenbiations Qi.1 exceed ft accepkdi lito'iis for
localized po.lts in " sauctm , * aphat should povwide
adcquatbad..ficatlon to show that kk deviaticrwill notaffec,
the fi•'tional intgdity ofthe sbcture.

i The NRC has acupted ,* use orapplicabiesubs.ctionsofthe
A§ME B&PV Code, Divisioli, fo(rcomponenLs uscd within the
conflaiKunt cask bmt not integed with IL This includes thetbasker" stcr.w-,usd In casks to restria and pG3ition mulUplc
fiMA4 @lamts.

AS5W~ifx VMChCtMX1.72U @CMse an W t
afchtiranm dasigmd in accosdincev"~ thisASSME C.Afr.

Sectiou 1ljIvisious 1, 9V5s~lzoa

cock cauik tindesi 3ted win isczoio k s
subsection Ndaiee

A. list of exceptions fimu hIWAS&t co&s as pivvwdiedm
Apperxiz 12& Table 12A4-1.
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ToMe 1-2 NME.)O,536 CoM pliamce Matfi (Continued)

Ch'p,3 -,,meWR ,Ev Okm=hatl-on
Am, Acecspbn Crkda D emcsplon of uwIsc9: " e, e Mbrets L AC1359 aso des•neasSection III, Divfsion 2,of theASME I}e NAC-MPC system does no• iulm aceeBAV Cod4&Subwc CC) c0nsIkVesvn .oaptblesbtrdvd coftnmet vsels. Thus, ACI-3S9 s n•or ip1cAe.rarpeeursed and Wome conmcar that is an integrl

mponept oft radioactive materl containment vessel tha mustwithstmWtndl maessmwe in opewtmoc or ftestg.

fl. IfACI 359 permins to a given ISFSI svuctuM it applies to all
asm" of Ihe esal e moial seletIon, rabmctln and
OnUntioM eOttat SM e The NRC has "c accept--ed the

ipodAlsubtMiion ofeements from ACl 318 orA j149 for
any porfon ofACT 359 wh reprd to the snuerue ofan ISFSL
1SFSI s trctv Io v•ichAC1 359 epplles shal air) iiien theminimum ftiosl reqVbermems of ANSIANS-57.9 for subject
aremm necificl add..essd In AC! 359.. ,2. •' .,erwe (KQ The NRCu ceGisthe UseofACI 349 for tlt. designx'matetai As stated in Section 3.1.2. the VCCis desied in "umfpv -" m.ftva selection and3gi ion, and comsww1on ofall reinraced accordnce with ACI-349 ad ANSIIANS-57.9.6 m et es we not addms& d vwit the scope ofACI 359. However, In skh Jinstaees, the design, maerial selecton

and spee -tkxdon. wA m nuc. on must also meet any iddhiona or
meor req --- I given InANStIANS-57.9. s

"" W Rzkq S ". N = mopts the use of'enbm ACi 31erACi 349 fo The NAC-MPC system has no comcete sutm s etIerC..ut•steetmu refaorced eore stmuctwes that ame subj-cto approvl but are not a addessed in 2 above...•t~leet PAt, hrpositlo sa tyý. sedim V ofthis oh y'p p 1des
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Table 1-2 NUREG-1536 Compliance Marizx (Codtinued)

AnaNK acet Accep~nc. C*se mWofCmpa
4. 014umUoM oma U Te N& iepsh use o(ANSUMIS-57.9 (togc~bwr withr* l.Uindvc otaLCM~ytmw

t o codes said st.mlads cited •"i) as the bI•c rlaemce for iSPFS in acodamd with NREG-0612 aI aaSI N14.6ashm•aWze m otot to sating. tla ar not deisigitd in acconhoc speclilJ In Sectio 3: i .
with the S o lof ofth. ASME.U&PV Codi•. How¢r both the
lhifng equipinattdasipawldthe dsvime for lliffsystcm
Compooc•ltimare impoitmnt to m' m4uscamply with Amedcan
Naionaal Smandad siu (ANSI) Swandd 1i4.6.

"k.NRC accepts t loa combkiatssbona "M.aWTe 3-1 for
Wuctrak not designed unde ethber Section UI ofbe ASME BrPV
Code or ACI 359. These load combinatio-i ae based upon
ANSI'ANS-57.9. with suppkital deumiiont turs and
combinatioun

The pricipal cics and' standards include the following-
references that may apply to teel stUMctues and
components:

a. AmerkaA lnsituteofStmel Consaution (AISC,")Speci-kion
for Suuctwd Steel Buildiang- Allow&* §u*ru Design and

b AISC. -Load and R"stane Facto Dc% Spmrk4..ao for

S-Araclcaa Welding Society, "T Sucamd Wekig Code Stull'

AWAD.I

d. Amaicm Soci/of Civil Eonens"Miimum Dcs•p Los&
for.Buikidnp .nd Ote-rSf ces ASCE 7 [howt-vv, niat h•
load combnio•a sablisbed on the bess o(AINS/ANS%1-7,9
M=css SRP tab"e 3-1) am to be uswLd

e. ACI 34-•4. AIRpamlm for embedmmb or IO.I4 forOW or ui so mgs, u applicable, whm cousmaed
.of lrtructw siel embedded in canciiomte.__



Doedb No. 72-1 •5

0
ja~' 1999
Reviuin Oc

Tabk .12 NEIREG-1516 Cmnplice Matmix (Continued)

__________________ ~~~Chatr 3 - Strucnwal Evahiatlon ________________

____ ____ __cc titcs tun . dbnFor~ucru deigiwl Cn~itin o oaercoponnt subject
S=!f me=i~ 1 6 *RcappmA waltprificip!codes mdsad:nldh Roa

;L ASM 1

b. Unircntm Building C*(UBC)

c. AISCI Speciflmatin for Stnscwal Steel Suidags-~Ainwble
Swrts Design Wd Mastic Desigu

d4 AtSCM O ersftandard Practice for Steel Buildings visd

________ _______ I r- ASMB &PV Cods.Secti6n VIII .- _ _ __ _ _ _ _ _ __ _ _ _ _ _ _
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table 1-2 NUIEG.QI536 CopIpliance Matrix (Continued)

.... "i" i"i i i i i i . i i

.., Td CM~ Putml~d 10F' 72 nqm= amn. =&WISWd aW4of • 'DWi hi-X =M1 awldTabl&R-L SPWIIy 43.•dW30i Ufoc ar
d, i,,,u and ['n o danop. e • tha i thdwcakwIlllpctnIts&Ia; thesystem. Tables 4.1-3 ad 4.1-4 oatha
at dofdt Went tful ror a-.w.•tftum of 20 years. coacteul-paa sare nw~naled widinthiallowableamidts.

2. Spent Fadt Cb~dih Thet Wpn pfisult -gdij iWainst derdtoht TabEs 4.1:3 avA 4.1-4 1eoarr ithat th10e cbddio&
_____________ may lead to gross iuptiim tempeatuz are malstained withn ull.Twable t~iais.

3. Thmal Structurs. b.sWMa rt sysumm, Wmd components nupwnt safet
•Sy~ms, Oad Compmmak, mus bei descibed in flffint detail tope it expluati oft.eir

eff~vis.-AppricabWe amarW~imutunet aeldentiid& to
pu, W10 CER.72.24(c)()3 7224(d), 72.122(hXl). 72.122(0). The disscai ortbe tsimal desip fra orthespt
72.12&8(X4), 72.236(0, 2.236(g. and 72.236(b). Is pcesented int*cdon 4.1.

d0C•k72.24(cX3) Co.tentsor-Application: Descipdonsof Tables4.-3land4.1-4 th e tepeuatuies
Co,'poncts Ihipoiamt to •afety a maaintakid t lowabl niks rat aln cotpoonen

ofthe systan. inch.ding the rudcdaddi. "h.ibeo" .the
10 CUR 7224(d) Contcnts ofApplicakion: bftilnsorSaretyl system!r cat a4vusly alrected by orrial off a cc

Mitigalion ofrAc.c•dent bo" 1 .•."s dcci orlcdion evnts,.

IOCFR,/2.lL •.(hXi) OveasiRcuyi•emcou: Conrlement Baffier The tempeatures uk syem aft maintaw.4 wiithi
and System allowabl lie its, and do rtprecne, tww'J ofsp"A Wi

froam sysutm.
10 CFK 72.122(l) Ovrall Requirements: ReurkvabiliwA

•As speliled in Stil 9: 1 ad $ udix 12A.. Secta
• IOCFIL72.l28(aX4) Critri for Spent Ilpj Stoe nd Handling; 3.1.7. the. a mpe wee at the tia sism" iUeCASo

Testable Hiem Removal Capaity uooa.msvbar oasyz .
10 CEi 72.236(f) Specific Requirements for Spent Fuel Sgorage Sect•o 1. a1.1 Tabl 2-1 spi&f A 5O-yeac d"sio life forCaskApproval: fassiveHeaftRmoval t"skm. Tabks4.1-3and4.J-4demcnstatthatbd

10 CFfK 72.-36(h) Speifi RIqukaints for Spent Ft crame liwds.

10 CR 1,23(b) Specific Requptii~mtas for Spent Fuel Stcrage Chapter k include pcoceduts roe wetmand dry loedhisandCask-Approval: Wc 'Dwy Loadin. and un.din oPUstoes
Unloedig Compati•.ty
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Tabl|e 1.2 NUREoG-1536 rCompliance Matrix (Continued)
__________Chalt,4.- Themmal ei'akstlon ""_______________

Ara _______ A~ceptanc Criteda DSfr~tt ion of CoMs2Ianc1. Ldie-tm 'adlag Fue! cladding (zml.y) temperature it the beginning of dr AS Shoni Toble414-4,the Mel cladding tmpeMeM 'mTem=e","2 6 storge should agriemlly be below the %ntkipattd dcmage-hrelhold mointainedl'elbw S06 F•430 a,.forbothZialy-cld
lemperatum for pormal conditions and a minimum o"20 years of and Stainless Steel-Clad &uel. This temperature is within
cask storage (Refs. 13 az,'l4). the Tecommended t:eperawM e limits for Zircaloy-chad fuelRWf33: UCID-211l."SpMen FurCladdig tlntgtityDurigcDy I(PAL-6139)and within the simits for Stainless Steel-clad

.onge" fuel (EPR TR-! 06440) for normal, ofr-normal andRc' 14 P1NL-19, "Recomended Tncperm.aULimits for.Dry Storae acciet conditlon.
,f Spent ULght-Waier Zircalloy clad fuel Rods lninheWi Gas" "

7. •5;ort Term dtaalag Fuel cladding temperatu should generoily be maintained below As shown in Table 4.1-4. the fuel cladding temperature forTemperatures 570 *C (1O052'F) for short-term Accident conditions, short-term of- both Ziralcoy and Stainless Steel we maintained belownoumal conditions, and fuel rmnsfer operanions (e.g., vacuum drying 8069F (4301C) for short term off-normal or accident
afrhe ask pr t m. ,srrr). (PNL- 35 ) condition evemne.wmi• g•a~mxmlm imai The maximum inte-rnal premsre of the, Cask should remain within Its The ,Ormal conlditionl pressre' calculaltion is•e ted in"

desgnprars ornormal. off-niormial7 and accident conditions Section 4A.4.. The-accident condition pressure calculationSI percent,ý 10pýt, and f percent of the is presented in Sectlon I1.2.1. The offo-nrmal condiii isfuel rods. respectively. Assumptions for pressure calculations bounded by the accident condition, which assumes 100%include release cif 100 percent ofthe fill gas and 30 percent of the failure ofthe cladding.
significant radioactive pases in the fuel rods.

4. •Maximum- leria!. Cask and tuel materials should be mainoined within their minimum Tbles 4. 1-3 and 4.1-4 demonstrate that the temperaturesT, meraturn andRxnum iemperaure criieria fobfnsimal, off-normal, and are maintained within allowable limits for all components
accident conditions in order to eniable components to perform their of the system, including the fuel cladding. Therefore, the
intended safety fncdtions. 'ystem is ?ot adversely aTected'by nonmal,goffT-rrnal, or.________ ,_______. _____________acident condition events.

IN bael Cladiud rg iotectimi Forechfuel tye proposed • orostarage, the DCSS shohd ensure a Asconcluded In PNL-6189 (Zircoy) and EPRI TR-
very low.probability (e.g,, 0.5 percent perfuel rod) of claddinig t06440 (stalnless Steel), the probability ofrcladding beech
breach during long-term storage. Is very low when te cladding temperature is iAltined

'below allowable limits.,AWC-1erum Mlaidlug Fuel claiwding damage resulting from creep'avittion sold be" The maximum fuel cladding temperatures ae dR,•ined inDamage limited to IS percent ofthe original clidding cross-sectional area accordance with l lL.6139.(Zircaloy) and EPRI TR-
during dy storage. (UCID-21 118) 106440 (Stainless Steel). Calculatlons.were not pe'forme4

using th e-hodoloofUCID-21 ill.".' 'A ve (CoRI-l The caskysrem should be pa'sively cooled. [1OtCFR 72.236(0] As stated.in Sections 1.2-and 4.1, he system is passively "
cooled.

X. I -eM* peratli,• t LNlts -the thermal pe-formance ofthe- cask iouldA be within the alliow;I The thermal stress analyses oftNe'lcniser and VCC for
design criteria specified in SAR Section 2 (e;g., materials, debay ,snormal b*Akiitins & provided in Sections 3.4A.1.1 and
,heat specifications) and SAR Section 3 (i.•, thetma stress anlysis) 3.3.423, .espctively. The canister Is evaluated for ofT-•tbr normal, off-norml, tnd accWnt conditions. normal dMmul stresses in Section I I,,42, and the VCC Is

, .anlYed for accident dtermal stresses in Seon 11±..10.
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Table 1-2 NUREG-1536.Compi*&.Md ix (C- ontiued)

__________________ ~Cbahq rl -4Nehiobf EvakuAion ________________

md •h~lIdU•p systms be dln id with suiable hklg to provide 1.with adstalled da -*- ofr'l kdh' f'atuzes of
mdqus pmsio prectionu %ýdwtbod noimal and accident tha-Iyw mkd[

o sdio. Cpsqa, the DCSS applicicat must describe SD..s Una y ma d (SSi) imdto
.ty umumc•ist aeail ti allow * th Nc sato lbm h
evalwe their effecaivces. It is the rupousbi"ity ofrth vendar, the
faclity oww-, mid the NRC su mna yze such SSCswitjhf
objective ofassessa e "mpact of direct radiai dos• o pubtdead d sapety,.

U

a



O -

NAC-MPC SAR
Docket No. 72-1025

9
eanso 199,9

Revision OC

Table 1-2 NI.EOG-1S36 Compliance Matrx(Continued)

ChfPftfS-3hkMIdna EvaluatlonI - - V - -- -..A?3l ReaUlaltOirRaIUIrmmn 13eeerlntoa ,f Cemnilane.Aron Recu-at-v.-------wr Pecom I -- aI xUIUctim J.PftrU3
AceMeats; In addition. SSCs bnportfnt to safet must be designed to withstandthe effects ofboth credible accidents and severe natural phenomtenawithout impaling their capabitly to perfbrm their Whfty functionC.

Theapplicableshielding requirements are identified, In part in 10
CFR2.,24(c)(3). 7224(d), 72.104(a). 72.106(b), 72.122(b),
72.122(c). 72.1 28()(2). ad 72.236(d).

10 CFR 7224#6X3) Contents of Applicatlpn: Descriptions of
Components Important to Safety

IOCFR 72.24(d) Contents orApplication: Mmrglins ofSfety/
Mitigation of Accident Consequences

A description of the shielding components of the system Is
provided in Section 5.1.

The design basis dose rates-for accident cbnditins ar
listed in Secilon 10..2. Specific details ofthi dos raoes
due t6 the tip-over accident areptesented In Setbtion
11.2.12.3.

The€controlled area boundary dose calculations and
minimum site bounlary disitAces awe prknted In Section
10.4.

10 CFRt.72.104(a)

j 10 CFR 72.106(b)

Criteria for Radioactive Materials in Effiiehts
and Direct Radiation from an ISFSI or MRS:
Annual She DB4ndary Dose Limit

Controled Area ofan I!FSI or MRS: Desigfi
BiLsis Accident Site Boundary Dose Limit

Overall Requitements: Protection Against
Environmental Conditions and Natural
Phenomena

Overall'Re~uirements: Protection Against
Fires and Explosions

10 0CR 72.122(b)-

accident condition dose rates are discussed iuISetion

Evaluation of the system for of-inormnl inW accident
condition events Is provided In Sections 11.1 an4l 1.2. The
*ridlological consequences of each event are addressed.

The radiological consequences of a fire accident ae
,provided In Section 11.2.5.3. The radiological
consequenc• s ofan eipiosion ae providnd i Section

123..3.

I

10 CFR 72.122(c)

IO CFR72.412(a)(2) 9iteria for Spent Fuel .. Storage and
4ýa-•lIng Radation Protection.

10 CFR72.236(d), Specific Requirements for Spent Fuel-Storage
Cask Approval: Radlation.Protection

The dose rate results demonstrating the radlation protection
of the system are presented in Section 5.1.

A'desch-bed above,.t.e normnl condition controlld area
boundary dose rates ane provided in Section 104. The
accident conditi6n doses are dlicussed in Section I0 ,2.
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Table 1-2 NUREG-i0536 Compliance Matix (Continued)

__________________CIUYA Ch 5e 6-Shkeling Evakuto~ _______________

Area Accg nce C"itefa D.tcdp, "on Coml ,nce1. MlamVmm vistaliaerom The mian distance fro ecahb S t fuel handling and storage As descbed Win Section .4. the minimumAllowableCoetrolkd Area Bofdarj f&cility to the conirolled ae boundary must be at Wut 100 metem. ,ontwllcd area boundary distance is 150 metems
b.t "do"trolled area" ii derund in 10 CFR 713 as the ateaimmediately saaroiding an, ISFSl ormooitored ietrievab storage(MRS) fWlt•y, for which the licensee exciciscs mathority rgardingi

its use and within wbich ISFSI optlions acm p•1,eese .• ee... ...
a.• conaBO X JIGUMry MW' a-OThe R askvendor mustshow that, duing both unMa operations and 6•iimlO.41xescntsth couttoll•ama ottndF3omDoie LiMs anticipated ocunec•6, the rafdaion shielding features orthe rate evaluation forta typical array configwaion. The

proposed DCSS am sufficient to meet the iadiation dose mlnlaimzallowable qoetmokl.d ama boundary distanaisrequirements in Sections.72.104(a). Specifically, thi vend.j must 150 mctenmwitholut takit cgedit foc shldin prmovide bydemonstrate thirscaja•lity foa a tyical array dfc&Aajn W most any Intermediate structures or topognQ41y.boWnding site configuition.-For example, the most bounding
comifeunlton might be located at the minimum distance (100
meter.) to the controlled are loundary, without any shielding Ronmother stutue or, topography,.___ 

__________ _____

J-- A Dose rates from the caskmust be consistent with a 4ell-cstablisbed Th se aeratespforthes)stm arc presentcd iW-4etioaS.I.
"is low-as rea ly.achievable" (ALARA) pmgramfor activilies These das rates are within the allowables specibed iuIn and around the storage sile. Sectioa 1021. hbhidlpeeosar•€ ent uidi ALARApri'nciples.,

4, MaxtmlmaAcckdeat After a design-basis accident, an individual at tl•boundaryor : ioalO2 indicaesthat tecontolledae.a Li•ControUed Am Dosad.iry ousiide the controlled aea.shall not receive a dose greater than$ dose as a result ofaa accident will not exceed $ rent
* remi to the whole body or any o_•rn.

.5. Uoc.ppatlioei Dos-iLaits The pOposýd shielding features must ensure that the DCSS meets . ,cupationa dose for typcal IoadnGS opri;tions atethe regulatotyrequirement fr ocupaional and radiatindos provided in Section 10.3. In practice, occupatoal doses
limits for individual members of the public, as prescribed-in 10 CFM would be controlled on a site-speciric'basis-by the operawrkt 20, Subpas C and D. of tfhe ISESI.
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Ch*PWr6 -9 CflftaWtY EvaluatOM ., I___11__ ______ 

*'Doeerioton of CompinV e.Spentfoal storage systems mube desite to remain sur
unlessm, least two unlikely independent events oec. Moreo'ver, wh6
spept%,ael•cask must Me designed to renmin subcritca under all
credible condfips,.tegulations specific to nuclear criticality safety.of the ask ,yse& are specifld In IO0CFR 72.124 and 72.36(c).
Ot.ertinent-regulations include 10 CFR 72?4(cX3), 72.24(d),
and'/2.236(1). Normal and accident conditions tobe considered ame
also identifled In 10 CFR Pan 72.

10 CFR 72.24(c)(3) Cbments of Aplicaion: Descriptions of Ageneal discription•ofthe system-is provided in "ectlo"•Components Important to Safty 1.2, wih-a detailed description of Oe criticaliaf.t 'features of the iystern provided in 6Sectio 6.

10 C-€FR. 72.24(d) Contents of Application: Margins of Safe,71 Section 64presents thb results ofthe crlkality evaltationMitigatio. of.Accident Cbnslquences 'ofthe trumfer cask and'itorae eaL

16 CFR 7 124 Criteria'for Nuclear Criticality.Wey icalitysafety a.,,prd In Sectafts2.3A= iil j.1

10 CFR 7235(c) bpecific Requirements for Spent-Fuel Stonae Sectio 6A presents.the resulisottt, Ioity evalusCsk Approval: Maintdn Subcra . of tM orage cask for the mostieactuve. edibleConfigiiion condii .
10 CFR 72.236(s) Specifi Requfrenedti for Spent Fuel Storage ectin 1.1 trnd Table 2-i specifyya 56-year design life forCask Approval: Mihimmn 20-y'ar Lifetime 'the system.

:1
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Table 1-2 NUREG-1536 Compliance Matrik (tonfinucd)

__________________ Ci~vs6 -.CrkUcaJtvEvaluatIon
Ana " ':" e C -,, -.cDescd•iption oft(k1 ), including all biasa id uncalaintis i

• i. - ~As stated in Sctaiou6,, "l•Maximum apwwabl
iat 9S- ian t 1rq idaun vel. h-ouldaot exceed 0.95 unde all multpliaotion fa•or(fortosystM Is 0.95, includinsdib~nona,, off-nonal, said accident ooalitions. .adjustment foall biascs and uncettLin as Calculated in

Se•ItlM 65.2. D•ob•le attNmI cY At least two unliy, independnt, and cocuunmt or sequential As stauxin Sectin 4 tcriticaw:ity analyses are
changes to the coudition essettal to critacdaty safety, under petAfoned for the most reictiv credible configunaio ofnormal, otf-noma,. and c•c.dnt coditions. should occur before-an ."e casuk at th .enticlunent, without c for fuel'a,.dental caitialityas deemed to be possible. buimup, andat themo .cactive, internal w-t.itaUderaor.

deM|ty, ;v thoUgtkissuted thatwazersntuizsm hnot a
.dibleevcnW Itherefor, CriticaitycanhotocOC unmL-Lq
t.o scplatcevents, such as (1) risioadint ahigher than
design-basis cnrihmant, unzradjaed fuel assembly and
(2) waw anausion, occur.

Cnicaulty Desin featuan When pr.• ' tiCJle;citicadi6 t safety of the desigh should be As stated in Section 6.1, the criticality safw Of the designestablished on the basis of favorable geometry, permanent'fixed is based on geometry and figed neutron poisons.
n .utrooa•axblng materials (poisons),or both. Where solid neutron-
absorbing Materials are used, the design should provide for a Rece.tly proposed n&e changes (FedaHil Reghster. June Sp,Positive means'to verify.theii continued eirca•c during the storage 199s) include discussion clarifyingthe 10 1Fi 72.124ib)period, requkcment to vediry the"continued efca"" of nutm

pplsons as applicable only to Adt storage system, and not
to dry, ptovided that the effectivenes. orthe poisons is

'___demonstrated at the outset.Xt V.wrv7tve Asamptioas Criticality saey othe cask system should not r'ly on -se of the Sectiort 6.1 provides a list ofconservalive assumptions that
foglowingcredits: are used in the Criticality safitty evaluation. No fuel burnupa. butnup ofthe fuel is assumed, and omly 75r. ofthe minimumn 8 loading o0b. /•l-related buftable neutm ibsorbers the BcMal plates is used. Also, no jntegra fiwe! lbwnablec. more than 75 pe•cent for fixednetiko. absorbers whetisubject neutron absorbers, nor fssio pioduct neutron poisons, aret3 swtidad acceptance tests. consikeed in the a'oalyss.

U
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

.t_____________,__ Chapter;- ConfinemWnt Evaluation ' " -.
Area Reguat~oy Requirement eC1• ription of C6inpamn ,e1. De-clptioiI elstrun ures, The SAR must descnrWthe confinement structures, systems, and Ageneral description o'fthe system Is provided In Sectidn

Systemsý and Components components (SSCS) important to safety in sufticlentdetai! to 1.2. with a detailed descripioýn ofithe con fhmenit featuresImportant to Safety facilitate evaluation of their elfectiveness. [10,CER 72.24(cX3) and of the system provided in Section 7:1.
_0 CFR 72.240)_

": Yrotlec o1 oGrspent FU e The design must adequately protect the spent fuel claddlng against As d~scribed in Sections,7.2. i and 7-3rthe integrity of the.Cladding degradation that inight otherwise lead to gross ruptures daring ,canister Is maintained under norma•land accident
RoIage. or the f'l.el must be confined through other Means such that -conditions. Therefore, the inert helium mosphr Isfuel degradation durlqg storage will. not pose operational safety maintained In'.the canister, protecting the fuel clIdding
problems with respect to removalo fthe ruel from storage. [10 CFR against degradatio.

_______________72-12(hXI)l

-.. ']ed undant s.ling The cask design must.pro#ide redundant sealing of tl* confifiemrn As described in Section 7.1.3..2, it canIster i-s sealed after
boundan. [I0 CFR 72.236(e)j . loadnýj by means ofa redundant lid system.4. Mosutortn g or Storage confinement systems must allow continuous monitoring, As described in Appendix 12A,'Section 3.1.7,.the systermIsConfinem.ent Stem nuch thastlh licensee will be able to determine when to take designed for air outlet temperquire rnfontodng. Te.
corrective action to maintain safe storage conditions. [10 tFR canister is detgned to withstaid'adl nomal, oft-normal,
72.122(hX4) and,10 CPR 72.12S(aXl)l and accident:condition:euents while maintaining theIntegrity of the confinement boundmay.

"5. Amstrvme•tiou ' 'The design must providre instrumenlttion and con"trols to monitor 'As de-cribed in Apendix 12A, Section 3.1.7, th6 Inlet and
systemtthat are important to safety over anticipated ranges for outlet vent air temperature* are monitored toeinsure thtnormal and off-nonnal'operation. JIfad•ition, the aipplicnt must- tempedres within the confinement boundary armIdentify those control systems that must remain operational under 'maintained withih all6wablt limits.swident conditions. [I0 CFR 72.122(M).

6. "ehease ort ucekfes to tbe The apolicaht must estimate the quantity of radionucirdes expected ,As dscribed in Sections 7.2.1 and 7.3, the leaktlghtEnvironment to be relei-ed annually to the environsuent. 110 CFR 72.24(IXI)] .,i•legrity ofithe confinment bonmdary is maintained during
all.pos latedlnormal and accidint condt!on events.
,The.efoir, no release ofradionuclides to the environment is____ ___ ___ ___ ___ ___ __ ___ ___ ____ ___ ___ ___ ___ ___ ___ ___ ___ ___ credible.
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Table ,1-2- .NUREG-1536 Compliance Matrix (Continued)'

_________________ ~Chapter 7-ConfinementEvaluaton ________________

Area A"IJIMMtY .qrE2%2!MM!M D"WROdpl of Cotupiame.
"~~~~~~~....... .L,• • ' .. ... o• eo .m.p. ,

7. al•.aOe M1e aplIct .must evahjue the ca.•.ad its xyMs important to The coal-nenentcsysm is analyzIbfor•normal codtkiosCsiafmeatSsm .fety, usi pdate tests or other men acbeptable to the in Sections3.3.2 ad 3A.4.4, and foroffltmol, and
Commn•im, to demoastaw that they will reaonably maintain accident conditions in Sectioos 11.1 and 1l2,tqspec•ivy.
cnfimement of radioactive mater•,a under normal, off-normal, and
cedible accident .onditions. (10 CFR 72.236() and•
to CMR72.24(d))

'-,In addition, SSCs impwant to pfety must be dciped to.withstaM
te effects ofctredible accidents ind ievere natural phenomena
without impalirng their capability to perform safety fupctions. [10
CFR 72.122(b))

.. Assual Blase 54MM In During normal operations and anticipated occurrences, the annual The site boundaa~ deCalculationsad himxstEfflist aad D•mtr, dose equivalent tq any real:indivlduil who l06cated beyond the b6andary distances ae pt1esed i Section 10.4.a- contled area must not exceed 25 ncnnm to the whole body, 75SPet ntenm to the tOyroi& and25 .ntat to any other organ. [10 CFR,.S.. , astali" 72.104(a)) _
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

rTChapr7- Confine n Evaluitlon __

.Area Acobptnce Crftwia.1.' Redamator "ung The cask design must provift edndmnt hg oetlig'fte contummemnt As decribe in SeCtteM 7.1.3a2, Ci.canister is seaile .sýboundary sealing surface. Typicily, this ueans that field closr lodinghby mftns of aredwdant lid system.

-of the confinement bounday must either have dbuble seal welds or
_double vietsllic O.mrlng sc__._.

Z. Cade CompUsauce *The con rmemenef.esIgn must be consistent with the regulatoiy The codes and standards u~tlized for the confinementrequirements. as Well as the applicanis "GeneralDesign CrLiteia" syvmer design am specified'in Section 7.1.1. ASMEreviwediC~a 2oftkSR.'l~~l•mff epted." Section 111, Subsection NB•f istilized A*i the des.9'l of thereviewed in Chapter 2 of this sRP. The NItC starfhai s~eptd Secio
construction of the primary conflnemnet an•ie in, colifo~nance with canister.
Section !f, Subsectlof.tsNB ortC, afte Bolter and Pressure Vessel
B&PV) Code promulgated by the A _encen Society ofM'b.halca!

Engneer (ASME). (•his code defines themadr for allspects
ofconsmwcdon, including masrals.design, fabrication,
fsnmna. ion, tesn, Einectlio, iad certifistion r"quired in the
manufaicre and istallaton. ofcomponents.) l.such instancet,
thes•tffbas rel, upon Section 111 to define the minimum
acceptable margin ofsaftt, therefore, the appliw t must ftlly
document and cMpletelyjuusify any deviaeos fiom the
speclficadihs of Section III. Th some cases after careful and
detieicoitsidieraton, the staff has made exceptions to this

"'. Mailmum AioWable TIe applicant mst- specify he'maximum, allowed leakage rates for As specified in Sections 7.2.1 and 7.3, leakage fi theLeake Rates the total primary confinement boundary and red.undit.seah. confinen.etfi systein uder normal, off-nevmak.mid'accidiat
(Applicants fquently display this inf6ormatios I•,tbular form, conditienss 70ot credible because the canter IsIntlhding týe leakage rate of "ch seal.) Inwdlin the itpplicant's demonstrated to be leaktight.
leakage analysisihould be consstent with the principles sp*cified in
dve"Ameican National tSidard for Leakage Tests on Pckages~for
Sh ent of Radio Matea" (ANSI N14.•). Geneially, the
Sllowable leakage mate Must be evaluated for its radlolpglcal
conseqmces and itselswa o ata&ning the necessary-siert
atmospoler within the cas.ut______________
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CDIUpqf -COInf~flr ln~tEvaluation'
Atae" cCrtea Decription of .... Zne4. M- -aq -- _ Th .applctashntddescribe th proposed monitoring cap=bilt The systemn utli~zs wdidc dcosure, as specified in SecioSu;w.Uila..aet .adAI&IurveiObance plans fori nhanical'closure scab. n t 7.1. Therefore, no mooitorie system is sequitea.

luvolving.welded closures thr staff hasp•,e•v'•,ly accepted that nd,
C1.iWos m onitoring system is requlkv& This practice Is cons4tent
with the.fAct that other-weldedJoints in the coneiz cut system aze
not monitored. Howeve the lack of a Closua n•itoitodng system
lia typiclly been coupled with a periodic vrvltUlnce progpan that
would eiiable the license to take timely and appropriate cm•mtivc
actiowi to maintain safe storage-onditions after closure degradation.
T•i di•c, sion in (a) bel6w tti mn chapter 2 ofthis SRP
expands oh the reqiircmaut for conno" monitoing.

(a) ,Contiuous Moilorins

ihe Office of the General Counsel (OGC) has developed an opinion
As to what constitutes ucontinuo.is nionloning" as required in
10.CiP. Paut 72.122(hX4). The staff, in rckord•nc• with that opinion
has concluded that both routine suv•ciltlwma pogra amn cee
Instb mentailon meets the inw.t of, -continou"-monaoting:- Cask
vendors may pmpose, as part ofbe SAK either active
lnstzwnentaiomQ and/or kurveillince to show complia.ce with
10 CFkk Pui 122(h)(4) "
The reviewer should note that .ome DCSS designs may c€mntain a
,component or feitui woe continued perforannce over.the
licnsah.n•petiod has fit b<ir demonsdas to ctarwith a sufficient
level of conffidence Therefore the staff may determine. that active
mnouiton~ng misbumznetation is requird to proV*d far the detection
ocoiipoe, degaaMim or faillu .huis pudcWuay applies to
components whose. fiLure mmed.ately aiffects or threatens publiImalh and safety. In some cams the.viedoi oNStaffin ocderto
dimostt complliticd wit*.10 CFRL Part 72.122(hX4), may
propose aý echnicld seifctioon -eq.irin. such.isiianaiaa
part orthe ta use of a cask sVyem..Aftet initial us., and ,t
.warrated aad'qpproved by staff such.lIstrumentaton may be
discontinued or modirid "
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Table !-2. NUREG-_1536 Cotliande Matrix (Continued).
Ara hMP1r7 FConhlnermnt'Evyaluebon

___ _ AMU__ ___ Ac~tiee Cui~tarl5. Now-ROeK"e MEk must Provide am-n-• ve evironment to protecttuel, 'As .escrbeinSet s7.1,1,. 1t.,XafrO, tlt ;=cmbjies agabins ulb ddht degradaion, which migl~t otherwise sy*tdn is vacuu dred and bodfod with eft helWu-led to gross rupture. Measures tkproviding a fiot•-mctive gas during loading operations.environment within the conrmement cak typcaly Include drying,
eva•nudnt ahrand water vapo¢, and ililing with a non-rmctivw
cover as (such as hellum). For dry storage.condltlons, experimntal.
data have not demonsttd an acceptably Jow oxi;dtbn raft for UOIspenk rbel, over the 20-year licensing period tRo 4nltmrsafStornge
Inan air atmosphvre. TherefOr, to reduce the petential for fuel
oxidation and subsequent cladding flure, an iner 6 mtspbere (e.g.,helium covergas) has been used torstoring Uo0 spent fuel in a dryenvironmoent. (See Chapteýr3 ofthls SRP.for more deliled
information on the cover g filling proce.) Note thatother, fuel,types, such as graphite fuels for the high-ltempatum gas-cooled
eWor (HTGRs), may not exhiit the same oxidation reactions as
00 fuelsand, therefore, may not require an Inert atmosphere.Applicants proposing to use &uospheres other than iner gas should

,.discuss how the fuel and cldding will be pr_ ected'from oxidatio..

1
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Arm,. .. Regulatofy RqismtDsap On f COmMOUNNO
H am Sa" saw, '. TIM ajIkai~ must develop omag M ius that. Opeadutpiocedur" rrpo ide E ClzapWe& Notesandidcquitely.rocectfaeth midl mlna~ dangeto lif.. or Cautious am lsed amos the suts provided wo iplasim,.perty. o10 CFR 72..40(AXM).,. steps importanro mantnig health and safety.

AIARA .2. Tealiasusetalh patoa srci s eue:Scetion 8.0 spec~fis that the priicoduive am developed wo
regulator quirmnemnts Of 10 CFR Pat204id objwcve limits umaiain occupational doe ALARA. Automatedwelding
htd wm a• low Ash reansiiAby ahievable (ALARA).for systeýhs and tmaapormy shielding e utilized wtoradioteive maueials ii effluents and dircrnrklation levels wowkerdose du 'canistirlod opdeasion AppenixLissoclated.with ISFSI oprdaoan:10 CFR 7..I04b) .ind 10 12A. Section 3.2.1 specifics maxmumextem al.doe tauCFK72(.).') manajtain reasonable dose level within a cask array fbt

routine surveillance and sp o activities.&Wbo of Radioective- 3. The a~plia&i rust discribe idU equipment =Ad processes used to As described [a Sections 7.1 ... and 7.3. Uhwe amt no~lfirnet ]. mainain coiiti of roactive effluents. [10 CER ,..4(lX)I .radioXw 'vg efflluets in routine opmtaion odhw than pool
water and hcliuni gas that arc rtmoved fijon the caiser.
These effluents are toutincly handled in Lice
operations.

Wridttat PFrmd "m 4. The general licens shall conduct-activitie related to storage of Wrincn poeduresfor the syopeem pioviod In Chapti
iient fWit In Wccordanc- with writien procedures. 110 CFR L These proceduces are inlededb u provide general72.2l2(bX9)1 opertalonal'iuaaance kra.usa oithe system These

S. Vendors seeking apoval'ofa cask dikign shall ensum that Ogocedurcs would be usid by at ISFSI operatorto develop
writtt proceduresf and appropriatz teatsare establiswid bfore detailed, site specafic procdums o us of te s mInitial use of the casks..[n addition, the vendor musprovid a
copy oftheseprocedures and-test to each.prospective cask user.
[1o CERT22O.•4()],

W* Wet DeyLqpid~g a4d 6. IM~ cask itaust be compatibile with wet or ~iby spent fuel loadag' The opetuatigg procedures provided ia Chaptersa includeiUmlod~dlg Eui•., mand tnoadg facilities. 110 CFR 72.236(h)]- proceduis rot wet and dry loadingand unlbading

7as atl.s Fent, 7. T6 the extent practaole, tie design. ofthe cask must facilitat,' Tho canistr is designed to facilitadccontaminatio as
cootamination. [lO'CFR 7;2..236()J desc'bed in Section 23..53. As described in Sectioa t I. I,

the anmulus between the catiterand traufrercask• isfilkd,
with clai water prior to placement irthe fuel pool to

inminimize the potential •o conaaminaton otidiswfacof
____ ___ ___ _ __ ___ ___ ___ ____ ___ ___thecanister.

.@.y.RAthrvaI'ofSpeMt a . MaT design ofsatkage sysiem must allow ready reaieval of T h"rsocedure provii hnScion .,.83 spec es•espqA fud for fint-wpmeing ordusposal. [10 CFR 72.122(1)1 neeuayfor, v orthespeai fuel frot uhasyste,, I,_____..... ____________________ furte prcsigo ipsl

11
, ,• .J
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Am ~~ReutOuyM ReqUkim*in Dsip of CmpIwian " -lyioactive Waste. Gcertlem fs . The de'gn ofhe =a wmus minmlmihe eqmquaity of Oper ion oftbe ssem gs i ek no raditiv@.Wiserradioactve wast gerternt&d [10 CM 72.12t(a)(t) Med 10 CMR odwerthu a-limited amounmt ofp potective clftin ansd toohs722401used during loading operatiovii that coul be easiy

_________'____mdisosed Or.d66ontl• maled. IIaPectiap, Mtewat, a ad 10. The dp ofstklures, iystim% .idcompbe•- • (SSCS) that•iSection92specifesdie e mTe.tn are Iortt tosaretymust p"mit MIseo maintdm, atvitie rred for t stm.' =Man tesin .[10 CFX 72. 1•.~(%]......
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'Table 1-2 NUREG-1536 Copliup .c Matrix (Continue)

-. " "ef8 - O-n P OcdwUs

ei.petod m ocur-duing dry cask stoage. Ahe d scope of p
aciviti for Wim SARoperaiag poedur e s spent fuel, placement oftbasygmn atthesite, inddescribed a Sectid& , "Anes of Rsyi-w" (qtu•eSRP),-s well unloading ofthe system.as Sectim I of 4cgulmy Guke 3.61. Operagan promedure

o should be submitted to addrs. the cak desIgn_______________._f~aiav a.nd plna- op .. ,. n.,
-te Coanlrol am Hmazrd, 2. Opeating sprod c t 'l ymeasurme to Thoperatin pvided In Mapter QMiý-S.M lorad control processes and mitig potenial ha -s that may-be "N"t aadCa-u-oas to iaadic at steps impot"at inpresert Outing planned nomal opetatIon.oSecti6a V, hReview maintaining sa14.hrocedues"(fti~R) diacussýrevlousiy identified

apr~~cnaafad ios PWain poedredqqxos h endcsure coo IMane h operating controls and limits spciid a etin -With the.aplblcontrols sAd limiis dsib an t ame included with the upprp piocedurcs in Capst... _______.. .. ___ technical specifications provided in SAR Section 12.. ,,, ,

0,M



U

NAC-MPC SAR.
DocketNo. 72-1025

.0

January I999
-Reycci OC

Table.1-2" NUREG-1536 Compliance Matrix (Continued)

Chdpte S - Opeamting Procedures
Aresa Acceptanc Criteria esrtonof CompIumnCe.

"UplrnllmiOl rIIIia IIm ' " 4. Operating irocedtre d•escitonssoud reflect planning top
ensure that operations willfulfill the following acceptance
criteria:

a. Occupatlonil radiation exposures will remain ALARA As sated in Sectio 8.0, the op bgprocd rep "in
developed to suprt muintainin-gCcu -IaRI; dom
ALARA.

b. Effective measures will be taken to preclude potentiat unplanned Sections #.I. I and 8.3 Include s.1ps o pyrecludb releaes of ,and uncontrolled releases of radioactive materials radioactive materisl'duringloading ard .aledig ...
opermions. As sated in Sectkod 7.2-1 and 7.'Wlease (if
radioactive material fromte syst"em under nbnnal, Xff. "14,
normj, and accident'conditions I t a 6redble eveii4..,

'Section 10.4 presents the siteboundaiy dke v-at
c. Offsite dose rates will be mahitained within the liiits of 10 CFIR Ivaluaiton, including the m.inimuý conrolleQ'-nbaPan 20 nd.10 CFR 72.104 for normal operatigpi, and 10 CFR bo,!dary dtnce needed to meet ann umal dose limit ot72.106 for iccident conditions. 251 ýree for no.m.l conditions. Sectlon 10.2.2 i2dletes

that tdeiccidet condition controlled area tbunda''dse,,
wil not ex cad.5 rem io n'y•oa .

The operating procedures specified in Chapter 8, andlibeIn addition, the operating procedure descriptions should support OrevioWs cask loading anuiloedllg xpet OtNAC,and be onsistent with the bases used to estimate radiation support the calculation ofoccupationtal dose raterptesentd•I exposues and totdl doses. (Refer to Chaptcr 10 ofthbis SRP). in Sectloi 10.3 .. ..

Im.



,0 • •
NAC-MPC SAR January 1999
Docket No. 72-1025 Revision OC

Table 1-2 NUREG-o536 Compliance Matrix (Continued)

Chapter a1- Operad"n Procedures
Ar" Acceptane.d c ah " scfiept of CoMnIpanc*

ber, IMP 1. operating WwesriptiN slhold inc• e- povisions for!i o -Rc Plus th following activitie:

a. testing, swveillaace, and monitoring of the stoed'material and Section 9.2 specifies the Inspection and maintenancecas6s during sptoage aiW loading and unloading opatio•n activities required for the s"em during storage. The lianksestablished in Aj^ d E2. Sections 2.0 andl3.0, ar.
provide to cn t&at tkS spent fuel is pmsectedshuing
loading and unloading op•atioms

b. anusauinem ofcasks and cask functions during storage Nuormal opeadonal maintenance and surveillanceactivides
aespecified in Secton 9.2.

c. contingency ations triggered by inspcctlons, checks
bserwkvins, uarunent readngs, and so forth.'(Some of thea These activities Include contingency actions that may bemay involve off-nognal condltions.nddrcssed in SAR Secdon. required as j result ofthc inspe tion.

6l•d liiagcuoua e6. As.required by 10 CFR 72.122(5XI), the operating procedure As-spccified an Appcndi.i -12A. Ktions 3.1.2 and 3.1.3. the
.desc'ptaons shodld fa4ilitate reducing the amount of water vapor canister, is vacuum dried to eluninatc watcrand tpackfilledand-xiWizing'material within the confinement cAsk to ait with inert helium &as during tuct ioading operations toacccpiable level to Irotect the spent fuel cladding against protect the fuel cladding against oxidation.
degradation that milght otherwise lead to gross uptures.
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)
..... ____Chapter 9-* A!,cce ance-T.st and Malnteance.Progrmm

Aron Regul! y Reqguiment Do , on of C ....1. Testl•,gad Maintemace The SARmnust describe thtaplkcant's program fo . section 9.1 preet e cpn si for tsepreoperatlonal lestirg and ihitiatope"atons. [10 CR 72.24(p)].
b. The cask design must permit maintenance as required. Section 9.2 presents'theinabitenaft activities for the110 iFR 72.2-26(g)) system.

uc. Stctre..systems, andcomponents (SSCs) iinportant to safety The acc•pace tests and maint•eance actyties pre.sntedmust b ned, fbricated, erected, tested, ad maintained to In Sections 9.1 and 9.2 are performed to verfy compliancequality standaids commensurate with the Impoirance to safety with the desigh bises and criteri, a that the stemofthe function they ae intended td perform. [10 10r continues to p-erform as designed.72.12.•al, I0 CFR 72.122(f). 10 CFR72.12C(aXI), Rd 10CFR 7 .4(c)] )

d. The applicant or licensee must establish a test program to ensure •The testing and maintenance provided in Sections 9.1 andthat all rqquired testing is performed to meet applicable 9.2 are Intended to be used by'an ISFSI user in therequirements and acceptanc-criteria. In addition, at least 30" devel6pment ofsite-speclflc programs.diays before thepreceipt of spent fuel, the licensee must submit tothe NRC a report concerning the pre-operational test acceptancecriteria andtest results. [ 0 CFR. 72.16 rand 10 CFR 72.32(e)] 'critriaandtes reult 11 CFR72.62 nd 0 CR 7.82e)] The acceptance tests presented In Section 9.1 demonstratee. Theapplicant or licensee must evaluate the cask and its systems that the system.will maintain confinement ofthes* t t•limporat to saf• psing appropriate tests or other means nder normal, off-normal, and accident conditions.acceptable to shl Commission, to demonstrate that the willreasonably maintain confinement oradioactlve material wider
normal, 1Tnr-nomal. and credible accident conditions. [10 CFR72"23(•1)172236) T aln c e ui•s described in Section 9.1.1, the canister is visually andf.iTh¢ applicant orlicensft must Insec the cask.to astm• that non-destructvel examine proro .
them are no crackspinhol~es, uncontrolled voids, o c'nehardefects that coulda gnificantly reduce confnment
effec~ftivenes 110 ( 72.2360)] As described In $tion 9.2.2 a thermalitest'is to beperfoprmed on the rust id-seryvice sy~tem. This-testin Is. The applicant must perform, andlimake provisions that Permit fmed in accordance wiith a histodri,1NRC c•'tiricationthe Commission to terfogp tests tha tie Commilssion deems,.' rurementi Provisions shall be made, as 'ees tonecessaty orrapppriste.[16 CFR.72M.22(b)] .faciltite additional NRC Imposed testin as requfrd.

h. The general licensee must accurately maintain the record .tecords of maintenance activities would be maintained byprvided by te c slp'irsho'wmg any mntenane. . the ISFSI user, and thus ae not applicable.
performed on each casKhirs record must include evidence that
Mny imintenamn end tesat have beer condced tinder arqatysumiroe.(OA) prga. "
-NP 72 12W As specified in Section 9. 1.., each y is to be marked

The applicant or license must assure that the casks are with the ntiidel numbe. unique cask number, emptyconspi."pti.lyxlmd dumbly marked with a modo numbLer weight,'and additional mrfoqMaton.
_u__enT__io_ numbe-r, ad te empty Wiight [10 bFR
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TablC 1-2 NIM-03-1536totnpliav= Matrix (Continued)
An* ime Bl I •

1. S satu~ysucms d compoiotiA(SSC) kapocutao toshY mug AlYus orthoantums raly otpgle
bdes~med to widwand credib4mckkuiw wwnalupbewac~a DO(Ma~awdaccdm pedk"swpm e MUM

withoA iupaing rheit ability lb ptfom " afey fctio [10 CFR I 1.1-mid 112,te&i1twly
;22(X) 10 CFR 72.22(b2). (3). (d). mod W1)______________

Don hi itoma, opkid aat.d occsa- tea- Thaw dazyItosU Cak •_i
dow equivaleiit o say real diviidual who i ed beyond the miamn .
obrlkldean mt vAnotextcee25 nue. to the wblWe body. 75 iisd i teu hn S 1a14,

mea t. thyroi• d m• d 2 t m=n toamy odena mi : a KUzIl or
exposwe to fthe aueilisted io tbae 1 ladious. [10 CFRL72.104(a).
10 CFt712.6(d);i Iow10CFft7.2j(dfl______________
Dan. LkUInc fo einBalhcdswcuwtaayLdvichal SeaOW= 11)22 indict ~ bCOonUOWapbwltuaywcaWted m orbeyond the nwavt bwaxduyatthccopiwlcdam d. ao ar amofm a dau• pg :oa :
sall mW otdive a dosea; terathan 5 mu to the whole body oramt oany .VC&UN " ve ofskizt
Ori from Sy design basis --A-cie. [10 CER7ZW6(b); tO CFR.

__72,24 
-m): and 10 CFRIr2.24(d ) 01

Mwbm spent fuel mum be maintained i a subcritkal coodiWo under OImto 64 evtu.? ,eshs ut. Augi t1,4
credibkioodtions [10 CFR 72.236(€) and 10 CFl 72A24(a)j Oefth asogicas5.3 (iheta MCA ria6 cr1kle

Coo~acon.co ic'4 thugeiwi ~u~ausI
.. .... a d ! ..2. a a a i-.T- y

am~~~ Thuak #Ad its systwm limponaant to Waety imust be e~valiuatd. As'stated to SOVtac 7 3. kbec~o~iarounca qsa ouiAgm"_using apm• tes 6r by other w-eahs aiccpabl to the 4" iatepty foali ucd•bLcgolT-nn and w•wkm
Cumnissiou, to du.mcwr4 thathey wilt teasonably mmulajia co.ditioqs.
Quru.eut oftid"ctive matlal under ctzdible acdcntConditio, s rio Cm "_X_)].

0, EmiuY uMait"ifm USP StonVa4ius~ems mwallow ready retrieva ofspe uihati for finiu a b Mw ~ m aa dac oj~proesingoriapes. 10 F1 722~1)Jtaocio. a III aid I1W2 ItF-.•ata xptne f•..
icgtaiom cnofcua 11.1 .csnd
cat isnotefw tu_- esye o - )ftce- the
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-~~~b I,, aid ....-. CO .. .. e,, oy .. ,. y__________Control C9,wm Ow tn- ~i p nacddm t saa _ _ _ _ _ _ _ _ _ _ _ _ _ _
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4MdROSiMws b~je ItfWe Iin tile Safety Analysis Rtpgt 110 CFR ak specifW~ win~pai 12A. Section 3ICA We sad__ __ __ _.__ __ _ __ __ __ __ __ __ __ ._ __ .. __ __ rn~aih• h Is ro..... .

stm ~rr6~xvvru have the copib~iiy fr cwlinuo LUeeseev~diobgel oinodrgWm vwe ismS1nowiterft fa ummxruh that ibe leenieewill be ahhin operatons wtet-10 CFR'72 1044ý fld 7106' voermeftnb,Aembne f dde ivi pdton needs to bet*e1l to rhkbiain saWe
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Tabe t1-2 NUREG-1536 Codipl nw.,4 a t(Cobtinud)
___ _."__ __ ___• 1t -- AnuI ya _______....___ _...... . .__ ._

1. IM LAMirroff-" Own n * a w"Va€d oww•bus the. "tk MIA O. W 9 c uns a;temaim spcire in to CER Put 20 muta be m& ta awa miniw u comolkd ua bowasdy € a aad anqriathe anawl dose equivalent to uiY lndivkd located beyind the c idit-ocs am --i-s-t in SectOo ,10 Nocoomlkd ma must not excd 25 mem. to the whole body, 75 e.tift act postIsuv t6-" wMIld MuU ia a CcWWUnc a%miw to the thoid, and 25 mten to may te€a-oa as ameua or. bzo d-, ci of bAQO adab"Pamito the following asmcc

a. e diaa .ito th aavaw eavironment orladloctive
maras(with the exception, otfudon and its dedy poducts)

b. diiact radiot-fcmu opaudtoi of the incepeodent spmnt fuet

Q may aber cumlative mdiat" fkora urnium fAel cyck
=% - (Le. nudcles Ru• ) in th_ a _.-tedat

b~ads M~cmis bomunary mot not receive 9dose ater rea m im tat4whw l doze" at wholuke1 CkV W31 A" C • S Waybod orime 2$M from any dei , -basis acckknL orgn. echao ,& •iably, " U "[•spent flmu•t bemaintainedi a subtfiticaotndikma' -- ,hr•cdilkodit (c.. jaeqa toot kdto thUn .951 At. Atwo ofthe statcaa* r the ma•ustactite
unlikely, takidcati.and concunmnorscqumnial chamoenusa be CoadWuaWn. . hdmg 0¢3CJ aot"**=amwlpomtulaed to occur In the conditions .mential to neckar esticality and accW Con•rsn•n t-cirah, t setuu I f Isarety before a duckat triicality acc!Omt Is posslte (double sa d 11:4 L apecutvIy.

pcfam for hmot w~ad&ck-Ao~awc

th.ciair eat. 'hehmg fes racyapt in.ceda £d.vf v

denst thoat)iAs •i e•s ta•aW afuelnua i a

,er l Miona ocr.
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Table 1-2 NTUG-15-36 Compliwc Murix (Continued)

A .s Asaic rll-,,,,rkUa, , ,iC. ' "
A. As SW•d in Sec-tion, 73. te060f SaMm U,•et •MU ~singupior~ tnt. rby bdhcrmeans acceitabkoto the ;ft-toefty for all creibl Off-M"~h manIdeICw~akxiio, to demortstre atzathcy wnill reasonbly minalntd ofi

: r1arrdc ema ndaInie credible ei
s. A"TMW~y Keakywity Is tcapme¢uI ty toy5•tu Ift gore randotivemwter ro sre tnid without e•ndalgring public heaMi midsarefb. ThIs gene..,iymeas estrn i any potep release of

Tuadlecie materiL to the eviromet orm-diathn expo.su Is
not in exam of dajmix l•n 10 CR20 or 10 M 72.122(]XS).
ISFS' aadM t$I ru 9m, mug stbe detigned to allow r;ady
narev otera•d lsperd tueleah igh levelt emte (m only) tor
comptiascewkhi 10 CM7"2.1221

The ofr-romaI A -Id acidk condioion maridysý ua
inh .aIom It.1 wnAI l.2dm WM'edhatjtiM ftd
conktmartsp eowd dwin ofm-nce d acc u
conditos. "rerefot., uceval ofth. sp&* fbel -,or de
systemis I iat-pted by diese poustvld evens.

I, -
' iit. thi Tbe SARmust Wde"y Ial Ibiaso'e.•" ar&vonU' rOe•Is atM must

tmam opstional under accidem conb, p. 1 sysem does i~ocuthli• msemn ma etlolMSyStM bdonlMes O*ine MSp Ian ad 2W ve0l6mcM

veri& moer o eersti.Ortbe iftem.~1. 
1 - --__- -
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

Chapbr 12 2- Opetin Cwont and Limb
Regb" aqkww D--Ck~dM-of cop nC.

1. G 1m R~ 1•,ukmat for Ttbkal Spw1ficatUs

4nd s M i on). These iseclllcatio•ui must inciude the followlng five at M
[10 CM72.44(c), 10 CER 72.24(•Lind 10 CFFI72.26]:

a. .figictloallopur g limits, monitoring insuuumnts and limiti contrtkols Fuactioaal and opuati • aimits am specified ia App•wJ=i 12A.ScctiwxZ0.
b. limiting conditions

Limifti cot'ditions rorprtina amsecirid ioAppeadbc 12,C. smeillancehtquitrem ts Scctiomu 3.0.

d. desip fg b Surveillance equwemrnas acespteified In Appndic 12A. Sectý* 3.0
e. ad.ninisatlve coamtls Design fe atr sepcified wn Appmedi 12A. Sectioa 4A.

,ubpwt 1, "Sikinc:Evluation Factors" amd Subpart F, "General Deign Critera" to Admilnistratlve controls awe specifFed i Secu 12 $Q1 CFR Paut 72, provde the bas for the cask system design ahence. are
applicabl as bases for ap .'technical 3pecilcalion". _I __.........___. .... __ ,

2. Specific Requireamens Wr Teikakal Sodl(cations--twage Cask Appnvai
As acoaditiono y~akpi~Z ute design. fabuication,.1sting. and maintenance Ora spent TThe operating conirois, limits. and s,,iArveian.a; vuc UcWa4r~afuel DCSS must•m( wttheb zeqremens ofibCR72.236.110 CFR 72.234(a)] , 12 am inltmd to ensue "the Systm wu&aian d'Aý ii deAp bas4

lO CF* 72•62 speclfic Roeqi aents for Spe5t Fuel S•age Cak Approval thogh all noaL *W-nonmt d accidcntcoaddsoas
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.cei ms r ~ec .ao~ o setwiosordin if'; .Wons (bri sat-f Aofteab 12Atstvn~w. Oesspefl~ioss.o~~dladdbtnot be limited to the following Tals12A2-1 mind IWA-2.

, r3re •,spea fuel tLe., BWR. PW&. orboth) As.qpecifled in Apendlix 12A, Section 3.1.3,ft cambter Is bakfi•led with• b. piabw aY ab)~dduet oftfe bel prior ipany irrdiation helhqn gas to maintain in bet abonoqge for the speit fbeLr. bamn*pj(l-e,"ePwAft~SA~Mf)
d. m~nimum speepeMeeeoolrtg timn ofthe spent fuel prio to stornge n the DCSS

e. •kim bote4th de DCSS ystem is demigne to disipmef m um sent Auel kSorml limit welhts and dimensions
k .. n.d"tior.eh penm fuel (&.ea fi e a•stsebly oronsoldated Wuel rod)

• 
P -1 frenmem

tmtu ~ ~ ~ ~ ~ ~ ~ ~ ~ mý ;R= eneaosucvs ytmn.grtria ore sysmn wte spa
Uf WM MUCVad ~aete so tat In spent fmwiiib ASOM sonin Section 6A,. the spent fuel bis mantaned is suberiticalM 'ata ned In a=mou*ilondfo tunder credible conditions. [1O CF1 72.2301)] c .nfrstion under all credible conflr!2qMTlewplcuimustpnwif radiationshiedm ndicng qeen wtuO ha r Themuxmaxim eunal dose -Pte for tbesysearen espRIMIf~ pi-dn enctixWri to upp eth requkaemts in 0 CF 72.104 6m210 dh1g 12A, Sweio 32-1. Dihesle mitf we establisbWed.to ren t, for the;n.d ft PWn•a da in efftsdirns ecti•diaton, and ie controL*[10 C-R72-"6(d) minitumcont'olled wea boundary disatepres I s! in Section 10.4, thewd 10CM rms2o) Controlled wm bo*im y annual dose will be inablnbed within allowable

IO CFR7".104 Ctevia for Radiobcthv Materials In Eftents and Direct
Radiationfm an ISFS or ,S

Io CMA72.106 Cam*.,UW A ,•m ohISF'SI orM]lS
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Table 1-2 NUREG-1536 Compliance Matrix (Continued)

.~Cat 12 -.erf-Cnil ..... .. Uanks•. ••..
"escu.pon of Compia,• •ncu"e

* .Protfld nelundant sea.ing of •ostdaneaiet sy• s. [10 CIR T72.2.36(e)) Th edundant si ta nzres( ortccrmewnenatsstc em en•d in

• Pr'- bqi&Mwhes nnoval.cap.diy • without mctv. cooling iys• l Os. (10 CFR As shoin in Table 4.1-4, the systn pcovkdsadequabeatboavsIthu72316(0] the passive cooling desi feam dsu d In Sectioa 4.1

S aUpl•.t•. spena fuel fora minimum of20 yew al permit maintehaace as Section 1.1 and Table2- specifya 30-y•wade ig fort/esysichLieqýýtIze.O0CFRM7.26(g)] Routina iuainsunanoc [s punalue as specilied by Section 9.2.
Facilitate decontmination tothe extent vrtiqle. Q10 CFR 72.236(1)] Decommlssioning oft &t= is disssed iv Sction 2.4."ir DCUm must Ke comp, ible with wet or diy spent tuel loadin" an unloading "mw operatingl povdues fore the s an are prsentein Cha Gpter 3 and:fa•lities. [10 CFR 72. 236(.) . include RMcdurcs for.wet and Z ioa•fian and unomdinXraSU-IWqapplicmW must inspect the DCSS to ascwrtn .that them am no caucs, pinhol:s, As da xbl in., Sea VanA. . Me an ist is V iv ...t o e vo"ds or odr defects that could slgniicr=6dy reduce Its conflinent examined pior to us&effectveness. [1oC0 R 72.23 Q.0)1 . .. . . ... . . ., ..... . ... __... . ... .. __.. . . .MW *pIAN mutm evauae te LM.A,, ana in systems unponman to safety, usingtips -, o~ to " Commission. to den~istrate that

they will masonahbi) maicntain coafinnait osd. [ci0vemo1 ?2.ma2er
atom&L. and credible accidentcoaditiogi. [10 CFR 72.236(l)]

Jiu canmlesr•ls suaryzan or" nonalIaloswons ibuitaon 'i.q.,'. a na sac ni-norma and accident cooditloas in Sco'joas 11.1 and t 12. reectvely.
Because tih canis•t maintans adequate positivewmagitafvcty, the
systrcm will reasonably maintain conrwement underall ilecoodlos

I
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Table 1-2 NUREG-1536 Complianpe*MAtfix (Continued)

ChSbSw13-OL;&WYAj uIlco

I. Qualiy Anme" IT SAKs•ould descri ( Wand Ilustraze in an appriorpfuac utt the 7hT QA orgwian is *saibln SccWi 13.1.-Anorgankatioew structurej interrelatlonship, and areas of furterd organizational chart is provided in ftum 132-1.Orsoonsibility and authority fo all faizndoas performing quality-

and safety-related actfvitl¢s, Includingboth the applicant's
or n•zatloi and principal contracto, Itapplidabl. Persons of
6ganizitions responsible for ensurig thakan appropfiate QA
progzaan has been established and vedrilying that activites affecting
quality have been correctly performed should have suIlcient
authorty, access to work aireas, v4 orgeniuaidoal fiedomn to cany
out that responsiility.

•2.f .Qui.,Anarsa The SAR-sbeukl. provide acceptle v that th appicants The ilplimenttioa ofrte QA pcograt iSdescnbed insProgm proposed QA program will be well-docuni•. led, planned, Section 132.implemented, a malnahtcd to ijvide the approprate level of

conttal over activitics and SSCs, consstent widi theirrelative
im p o rta c e to s a1 wty . _ _ _ __th atth e_ _ _ _ _ _ __ca n t_ _ _ _ _ __t oDes

3. D1eag Control M-W AR Ishould describe the approachthtttheapp~jcnt wiieto eiga control is descr in Section 13.Z3.define. controlk nd verify the design and development orthe DMSS.
An effective desin controlprogram wilL provide assuranci that the
,proposed DCSS-wili be appropriately designed and tested and will
p__-_o__ its intended function.

4. Preamat Docaimt Documentsused to procure SSCs orsearvIcshould include or Procurement document cobtiol is escb in S-cioo
Coatrol reference applkable-design bases and other requirements necessary 13.2.4.

to ensure adequate quality. To te¢eextent niecessary, these
pcocuiremnatdocuments should require that suppliets have a QA
program consisient withithe quality level ofte.SSCs or secvicem to
be procured

S. iatrMutlo.siProgerrd The SAR should define the applicant's Oopostd procedum for Pocedures. istructions and drawings.adsUcd to&W Drawt• ensuaing that activities affecting quality will be prescribed by,-and Section 132.5.
performed in aLccordance with, documented Instn•ucions. procedures,
or d__wn__ ofra oypeaprdown fae for the circumstances.

6. Doemmeut Comtral Theu SrRsboud defuea the applicant's proposed pImdurs foe Document control is described iiictiM-' 13 26prprn issuing, and reving documents that speclfy quality
requirements or precrbe activities affecting quality. These
procedures should ptovidaequate control to ensure that only the
latest documents ike used. In additlon, the applicant's authorized
personnel should casefully revikw and approve the accuray ofall

__________________documents and associated revisions before they awe teleaseforusm I_________________
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ChPbr 13-OU AtyO_•N e _

.7. -Cos"rpt .1?arehase The SARihould detine the applikmi-'S proposed procedurte for T.wonlol of-pzdwsed ind servis 3 incontrolling purhaed material, equlpmiaK md s ces to enure Sdtion 13W2.7.senrlef r~t ononmnao withspecifled requirments.
O. I flatilke"Of *d Coutrol TeS souddefine the sp plimuvs proposed Jioiiosl denwiflcadon andcontlof tmateriapwfts ad cmpmensI.fMaoeurla Parmts OWd ifying and conumillhIg niaers par% and celpwnnts t6 we descrbed in Section 13.2.8.COMpeneats C tsu w Inca ec or dera~yfetivSSs we net used.

*.p. .troel•fSpeedal "heSARsbouldmescrie the c•otos the applicant will Control of special processs Is.described in Sect9 m 13.2.9.Processes establish to ensure the acceptabilty ofspecial processes (such aswejd, ate ento n wdteseng, 4 chemical
deeows"1adw tt f. a by qualified personnel usIngquilirred awedue t.•ime•..

14L L•oe •l etlo. - SARshoulddef mtheapp lktasproposed"provisions for Ilgpen lsdescribed lnSection 13.2.10.isection ofa vtvi"saffectng.qWy.tfo veriity €nfomaewlt.•!•."0•s • an drawings.
iL Teat C00tt1 oT SAKmhould deme eapplicant's -- osed provisions for tests Test control is descbed in Section 13.2.11.to ,veri1 f sycsmorom to ipecified r quirements and wiltperform satisfactorily in seric applicant should specity test

requirements in written Incedure luding provisions for
documeming, and evxluming test results. In addition, the opplicuntshould establish qaiflcaton g M .for test M L .... i..s. ,..SCom~vetrofMeadwrinsuad -nnhZAKeS mhou1defuthe app HuOSpropOit provisions to Con&trol oftneasungd test equWmentis descbedTest •a. ip t msre that tools, gges, inmmnts, mod oder messwing and Section 13.2.12.testingdevles~ar'prory identifiedcontroxlled, calibeated, and-adjus u specied finervals.

D3. -*1It Surags'Ad U•- SARshould defme the sofiimt's proposed pr"vision o. Hraming, storage and shipping.,'desc,,nbed i Sections .'- c Cstrol control the handling, sohrpglpi cleaning, andpreseration of 13.2.13.SSCs Iivmeoracwith wrk mod .,pection binncons to prevent
3A

a
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IA4. pee.•~ T4, aud lb. SA ha .ef.t'the aplit's pr d provisios to ,imcontrol de inip , test, aod operating status of SSCS to prevent Section 1324.1
inadverteat use or bypsing of inetti s and t.ts...

is. Nomma 'Materias,• TbeUmethA eapp tis provsioMs to control ofnonconformngagitem i'is 9eitI SeCtiom
Partsb or Compomemts control'theti ordispo•.tion oftoo C•oimmaienalr, paut% or 132-15.

16. Corrctle A4Ja" lb. SAR soud defiae th applicant's pwposed provisionsto Coneyi aiod isdescte in secion.,3..6.coue ta cond lions adverse to quality mpin mppy identilied and
-conct and tt mfasurEM w taken to preclude ncunm__

.17; Qualyaaraac ,.e SAl sho'l t applacts popon. provisions for Recods', d.scibed W Sctinm 3.17..Recotd kkdent , n&-renl. ret'evfi , md maua.log records thia
documea'evidence of the comiol ofquaity for activities and SSCs
impw mt to.safKty_ __

13L. Audits The.SAK shoulkLdel-e theappliCant's pqr e pfrovsons torplannifisclhedullng, andconductiag audits to vcify rompliance
with all aspects ofthe QA progam, and to determine the
effetiveness of the overall irogr.. The SAR shouid clearly
Identify responsibilities and procedures for Uxudatinpg audits,
docuaienting-and reviewing iudit results, and designiing
matagement levels to review and assess audit results. -Ibaddition.
the SAR should describe the a.licani's prtoisioas for incorporating
the status of-audit recommenditions In management reports.

Audits acdscn•• W anection- 13.7M1.
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__________________chapter14O@~1n g

1. F•eltyDef Feates R)uISF orMRS. t bedesivwdfor decommissoing. ThM 3. o07hulS151,51flitissimme, adtam--aProvisions must be'made t facilitate Oecontaminmdon ofsrnctures applIcable to a DCSS.and equipmen%, minimlo the quantity etradloactive was. mad
tontaminated equipment,. a facilitate tbe.removal ofruad octive Decommissioning conskierationswe dis•iied in Sectiwaves maee•mL.d matejUls Af the time the ISFSI or MRS Is 2.4._ rmanend decommissioned. [10 CFR 72.130.], ,

2. Cask Desrt Features camust be designed to focilifate decontamination to the extent "edc ti -e.ures pfthe us.vmeds imM ticable. [(I CR72..6(f).1 Sectio 2.4.!3. IFinuCiallikeds -me requireinents: for faancuia assurance and remom xeipmgassociatedowith~decommissioning Am found in 10 CFR 72.30.
rFmWi WheC0I akeping issues e sne-spOcmIC, Qtius not applic:ale to a DMSS.

10 CFR 72.30 Financial Assuranmce and Recordkeepfig for
DecommissioningI4. =Vxi =-et-laatIom. Ihe requirments o-r enminutig an ISFSL license and

decommisslioing JSFSI sitfs and bbilgt ngs ame round in 10 CFR
72.54. including the reqlirements for submitting the Th"ndecommisslionn clam.

ISFS! licekns ternination is a site-specific issue, und thusnot applicable io a 1XCSS.

4 gmsmtO vjteý as co eciU"M d 10 M U 6;55. Scio 2.4
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1.1 nrdco

The NAC-MPC system is a tianspoxt cornpatible dry stormge.system that uises a vertical conc
storage cask and a stainless steel transportable storage canister (canister) with a wilded closure to
safely .ttore.hdi."ated nuclear fuel. (spent fuel) 3. The canister isýstorcd in the .cenWfal cavity of
the concrete ddk and is compatible. with the NAC4TC tramport cask for future, off-site
shipment Thl concrete sorage, cask provides radiation shielding an-contains internal. ai. flo.w
paths thatallow the decay heat from tihe cvnster contents to'be removed by naturatair ciculaton
arund the canister wall. The system is designed to meet the requircments for storage'of Yankee
Class M fuel M. The NAC-MRC has been designed and analyzed for a 3-ycar life.

Thl principal components of the NAC-MPC system are the canister, the vertical concretejcask,
and the transfer cask. The loaded canister.is-moved to and from the concrete, cask with the
transfer.cask. The transfer cask provides radiation shielding, while the canister is being close•d"
and.calcd and while-the canister is being trahsferred. The~canister is placed in the .opnete cas
by positioning the transfer cask with-the loaded canister on top of the concrete:cask and lowering
the canister into the conarte cask. Figure 1.141 depicts the-major components of the.NACMPC
'sysfdm and shows the transfer cask positioned on the top of the c6ncrete cask.

The NAC-MPC is dsigned to safely.store up to:36 Yankee Clas. spent fuel assemblie d . feN
fuel •2 is Initially loaded into a- canister containing EM basket. :Figure 1.1-2 depicts t&c
canister and the spent fuel basket. g . - " -

Yanlc Class fuel Includes United Nuclear, Combustion Enginceg, Exxon4ANF, and

Westinghouse Type A and Type B fuel designs. The Type A and Type B fuel designs wre
complementary configurations that accommodate the use of a cruciform control blade in reactor
operations. The fuel specifications that scrve as the design basis for the NAC4MPC ai- presented

In Sectior 2.1.

The system design and nalyses were performed in awcordance with Title 10, Code of Federal
Regulations, Padrt 72 (10 CFR 72), ANS/ANS 57.9-1984 and the applicable ections of the
ASME Boiler and Pressu-rc- rA Code and the American Concrete Institute Code.

1.1.1
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1.2 •NCM•Zs'

The NAC-MPC system provides kmg-term statagg a id iub*equent transport
wing the ccied NAC-STC. During long-term storage, tbe syiftm provides an inert

environment; passive 'shielding, ctoling,.and criticality,.control; and, ; copfinfient boundsr.
Closed by welding. The structural integrity of the system precludes the release of contents in. any
ofte design basis normal conditions arid off-nornral or accident events, thereby assuring:public-
health and safety during use of the system.

1.2.1 l M ystm Cm2nts

The NAC-MPC system'censists of three principal compodents:

* Transportable storage cinster (canister),

* Vertical concrete cask, and
it Tran.sfer cask.

Ancillary equipment needed to use the NAC-MPC System is:

" Automated or manml welding equipment;
" An air plet or hydraulic riler skid (used to move the storage cask on and off the

heavy haul trsfer trailer ind to position the storagg cask on the storage pad);
" Suction pump, vacuum drying, helium backlill.and leak detection equipment;
" A heavy haWi trail-r or cask transporter (for storage cask transport to the storage pad);
" Alignnmnt plates and hardwarc to position the transfer cask with respect to- the

storage or transport cask; and,
" A lifting yoke for the transfer cask and lifting slings for the canister and canister lids.

In addition to thte rowms, the system &qarrcs utility services (electric, air-and water), common
tools and fitting, ard misccllaneou-hardware.

The trwnportable w'orage canIster is designed to bk transported -in the NAC-STC Storable
Transport Cask, (Certficatc of Complianct No. 71-9235). Transport conditions estAblished the
design basis load eonditloos for the canister, except for canister lifting. The transpoirt load

1.2-1



NAC-MPC SAR, October 190s
Dockt No. 72-1025 Revision OB•

(conditions produce higher stresses in the.canisterthan would be producedrby the storage load
conditionr alone. Ponsequently, the canister design is conwerv~tive with respect to storage
cotf'itons. The evaluation of the canistet for..ransport conditions-is found in the Sfety Anal.yis

'Report for the NAC-STC Storable Transport task, Docket No. 71.9235,

1.2.1.1 ian e StWrge Canis . W, BAuks

The trnportable itorage canwster a basketthat accommd up to 36 Y.kee Class

The canister asscmbly-consists of a right circular cylindrical shell with a welded bottom plate•,a
fuel basket, a shield lid, two .enctration port covers, and a structura lid. The cylindrical:shell,
plus the bottom plate and'lids, constitutes the confinment boundaries. The fuel basket is based
on the directly loaded fuelrbasket design used in the certified NAC-STC. Thisasket feat m

the NAC-patented poison tubes and stacked disk design with heat transfer disks. The basket was
analyzed using the ANSYS computer code to demonstrate that it can withstand the horizontal
-drop loads without 4eforming in a way that damages or constrains.a fuel assembly; This tube
and disk design Jas been accepted and approved by the NRC, pursuant t6 10 CFR 71 and 10.
CFR 72. Table 1.2-1 summarizes the major physical design paramafin of the canister.

The fuel basket design is a right-circular cylinder configuration with 36 -fuel tubes laterally
supported-by a series of support disks, which are retained by spacers on eight badially located tie
rods, The support disks are stainless steel (17-4 PH).with holes for the poison fuel tubes. The
basket top and bottom weldinents are fabricated from Type 304 stainless steel. The tie rods and
spacer sleeves are also fabricated from Type 304 stainless steel. The fuel agsemblies are
contained in fuel tubes. Ile fuel tubes are fabricated from Type 304 stainless steel with encased
BORAL sheets on all four outside surfaces of the fuel tube. The BORAL provides.criticality

control In th, basket.

The heat trwfer disks are aluminum with holes for the fuel tubes. 1U beat transfer disks anr
spaced midway between the support disks nd arm the pmary path for conducting the heat-from
the fuel assemblies to the canister walt. Holes in the heat transfer disks for thetubes and lie rods
au. sized to-accommoblate thermal exl~anson omcurrlng after th'fuel Is.plaed Into the basket.

1.2-2
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The fuel basket tube and disk dceign provides the structural integrity to maintain the spent fuel in
a subcdticalconfiguration during normal operations and the hypothetcal accident events, even if
opdtmum-moderator condition and freh-fuel are assumed. With the most reactive fuel, the fuel
basket maintains Vf 0.95. Subcrificalityis assured assuming fiesh:fuel loading andno soluble
boron in the spent fuel pool water during fuelloading operations.

-H

IU transportable storage canister assembly is designed -to facilitate filding with waer and
subsequent draining and drying. A rounde•-notch is located at the bottom of each fuel tube,
esuring free flow of water between the inner tube regions and the disk regions. Each of the
disks also has three holes to supplement the flow of water between disks. In addition, the bottom
plate is~positioned by suppdtts above the'bottom of the canister to facilitate wiwer flow to the
drain line..

The canister.is fabricated from 5/8-inch thick Type 304L stainless steel rolled plate, joined at its
edges by a full penetration weld, which is radiographed. The bottom closure sb. 1-inch thick. Type 304L stAinless Reel plate joined to the caniste" shell by a full penetration weld, which is
ultrsb•nlcally examined. The stainless steel material was selected to be compatible with the
DOE MPC pr6gram guidelines for future disposal 4nd to minimize the-potential for any. adverse
chemical reactions in the spent fuel pool. The design of the shield lid and structural lid allows a
redundant confinement seal at the top ofthe canister. Each lid weld is Itqui4 penetrant examined.

The vent and drain ports through the shield lid allow-the inner cavity to be dailned, evacuated,
and backfilled with helium- toprovide an-inert atmosphlire for long-term dry storage. The dnan
port is equipped with aquick disconnet fitting and a drain tube that extends nearly to the bottom
of fhe~canister. The vent port extends-to the underside of the.shield lid and is equipped with 11
quick disconnect fitting used for vacuum drying.and helium backfilling. After draining, drying,
backfilllng, and testing operatiofi pe complete, port covers are installed and welded to the shield
lid to seal the penetration.

A summary ofthe canister fabrication specifications is presented in Table 1.2-2.

112-3
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11.212 MjiAW cmiu~ 0"
rth vft" com C aArt UJ (moltg cak) Is tht swrse ovcrpaek for the ixansonable- etorm
eugs. liprovide stz~u~ eu~, W4pmuoA fom c~ ay~wmrenma condwln, Wi
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koum &h calmte wil to fth ai cismtz~dig dtohroj fth cmnr*eueck mnnih &it pasaeunt aA

peak etbd4Jq mrmi o bad iniess meml am * zical hdh iKUe kl ew cwptsbt

15WEAutIM9d k inut~mi Th~aiki MAW iWEii fthi m c.ete 0np~qcwat= cbeo

1kia tr W morem mwe ct~dw risk Ui p=n~ ""Mn zig WA sNiwt-R

komt ~rl W94: W~grthka A~ wrec Ivl t4 INU rmd ndAgdo w hilngu r""
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iuikt-i The lid Is bofted In plmt wid has *rwnpe mndkc*th sals on two of the inswulaton
bobs.

F*&.iatWo of kh strwg task invo1les no Wique-or wiusw forming ooncret plactmet, o
cy Uff;, 1i I A nquiranets. Thw O6neat porio of&h stoasp caskis constmcted by placing

cmncrt Wetwea * oav4LtýW ~%rofa= W ad he lncmwmu line. Reinforcing ban ate wed at
&h i=ne Wn otgae concrZ *rces to provide stzuchW ma1 i te y. The inmr lime and basc of
M.- sw e cask wr sbosiibricatcd

The pr~inpal Akfbratio specificatons for Cth s*xag e*k a#e sho" in Table 1,2.4.

71w usanftr ca4k with Its liftio yokt. Is primaxlly is lMUln dsice uWe to move the can~swe
assen*y. It provides bolojicd shieding whe It conrA its a l4de caniste. The hwtrnfr "a$
Is wed for Cih verlcs iranfer of the caniswe bet*=e work st*ons Wn the storqtc ca4* or

The mtrcf cnk Is a multiwall ftwecW/cst S~4-FR bwtom shl~dstcc 4cslgn. wifth limits
theM conrse C a~ ition*L MA rMx zc- kas Oma 200 rumU~t1i The mrnfcr cask dczipt
incoorre it LV Wxfta g Mg. si~ktc is bolted In ptacc, th ut s i~ectz loade cwn~w [oMM
Wing l~ial Muoved thrih CIt kot of tIM warcr caslr The tranfer cas ha
utra ~ctl bottm shinI &xnr Dwag Wing opcntiims t& dme ac clo4sdand A-cmud by
pon. so khy canno s4W~ted)i ppm Dmqn v~nlodi the d~oor wte rctraud uwqn
h%*V W' C)IkwAW% W4 akW ft1CW-'- -* .-. k~ It~d LTnO IMe Mgtorg Ott=,rod C4sh ft-

To 4ahr fth ma&'fit cuk. aLa biar- IiflAn La±ix. it is d4est4d fWttiet. Wn lead teste
fim t cqwemwnIa @M O.M~br ar-A &N4S U14 Gi

To wmw$1 p42eflIW cavwam n dwing LnI'ng vtrp os td fth qMn fuel pool Clemn
ww cacdW~ ta the 1*aý dtwet trmsk iLrJAt k mum ~z~ a nd, W cagitet citotr

I
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Thme lbw allow ho• to be coiected and clea wmar to be -pWned tnd ho & cug
amuag ap to predch the intnion ofpool wate wh t c ste isbing loaded.

1.2.1.4 Auxi',a QW2nt

Ths sed'ion psnts a b cf desciiptionof the pincipal vxliuy equipnent needed to opert

th NAC-MPC in accordaice with its. desig.

U1m.4.1 MW I

The xaate plate is a carbon stee table tha bolts to the top of th veilial comrfte ("trae) C*s 6r
thg NAC-STC Wnd mawes t ttransfe cask to citdeof those casks. It Ja a large t hle tha
*tRows th tk ,utble storae cWsr to be rMsW or loweie-iouh te plae into or out ofthe
trasfer cask. Uals ac corpoaaed In the adapw plat to S"id aW suppt fth botom shIed
door of the tranfer cas wien tey axv In the open POSItoM. The aaPW lat Also VVUpos fth
hydauli , sysem vud 0h acatmor th pM W close ft uwfer cask bottom doo,,.

1~.2l,4.2 AiWUsR

The s* pd ft st (ir pad salt Is a o4mmetcIAlly availbable cvier, somctina ref=We to Us an
aikpallet, Vien InTai4. dhieair pwl sa lisft Ik conermecask by tift hl voltc ak. T'rAf

dLi1 amploy a coafinutus. rclulatwd air flow mtij A control system that quaies liftfin hiMhts
*It t four air p0s by r•eulatin compnsd.f: flow to ech of tM t&r pas. The comptsw4
Wi &,tpply crea tesa air fillcr beiwe the inflaed Mit cushion and thM suppordnin swf=c. Tht
thin film of air at.lw th conacte cask ta be lifled and mecd. O0= litid.l

mh sw=fltic wcw;fl sw=ff COAziSI of oa'ai Wo onn with a mvetrainid
wid-head. TheCorM AWnCnt .Id eQ' neie ieoepnat crigiri

wcUFM pass ~ l MUMer tiid r und teC=Wtr alt ill *weld 6A a~ iiUdIj postiofledk, ptqw
l catn -i t &i .rc tM i cxm duri t ntgt uTnim'tt clkt"m isu mch lss dw %=tW- b

mww fif, =Ud.dih.

12-6
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9 1.2.1.4.4 Dr,;gg ,- T~a; S)WO

7k~ &wan"~ and dryin system cowsszs of a suct=o pump and a vacumm pwinp. 11m suctio
PPIs Used £o wmM vit waae fros Ub canisWe cavi. TMe vwcUi PftP is a two-sag

UK ft dryin dt interrof dx .s. The rgt oge is jr capety or •rog•" pimp
intuded to remow ftee waUr ioc romoved by e swtion prump. The swond stage is a vawm
pmxp wed to evw- eanister Intrior ofthe small U=mts of Mwadng monstf aVd
egAblhh the vwn c•tiom.

1,23,.5 .. s Hi= Leak U9 rwo,

A heiwn le. dewr is njui* to veuify th" integrity of the Welds of 0he cWaulr shield lid.

TIu beium eak detecor is the mass speeome• tprye.

1±.1.4.6 Ha~v•AhLTX i

7 'b" Yv MUI Wtra3iler Me c z to move. t e s 'OraSeu tsk. A SPeCW Uragler
beta dse•e for trarport of the empty or loaded storage wk. The desig, Incorpoq es a built-
inJ"..kl U s " AystO tha fatltte r~; th s SrCe Ca to ldJlow IWnUtlaon of the air pg Ut
uWed to myv t cvs onto the ore . Te praiMer corpor4 both refinfo;tgo incrs
"I r foII d sm I' , ra am deigzp fratuttm OA dmdec Its Awt radiuL Howtver, a&y

==MnWeroabJ-drpfrxAni Wkc hW448 a d~ek MIght spoxrabuly wnatchn fht of kh
StO*9gepe vould be vx&d

1.4.1.4.7 Lfg~

*~ ui~p4 etc~ibekstUc u~i~dFour lI~1p4 ,b~pvared. aloog with &
cofiWo iani, an elC bydinli, oil [a=P, Ua oil r t end .w1 bySdalki lira Sa
fdti T*h c u•t cd to lift • •ck applroximwcly Lhn.-W&i. Tis pcam•s itioa

e ".~hcneeecA

1.:47
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Load rated AipS anlmmu a slings awe provided for ma* compoaet. The rigging
.aackmeW We swivel hoist &p 6a allow stacluvm oflQ.hlinp to The hookt AIsling. wt

comseecilypu aed to have adequte-safety margin to meet the requiraenu of ANS1 N14.6
"n NUREO 0642. The slings includesa coanucosak lid'slin, concrete cask Wheld plug sting,

and c .iste held 94 sling. loaded canster Mta sling (aiso used to hadle the structual lid),
canser rtaiAni sling. "he qpropriat rins or eye bolts are provided .o accommode
each alk4 am component.

The transfer cask lif•ing yoke Is specially Onsin•ed and fWicd for lift•ng the tansfer cask. It
is deslgne to meet the rrquirments ofANSI N14.6 ad NtUJEO 0612. It is single-fAlure-proof
by design. The transfer cas lifting yoke Is initially load tested to 300 pement of t design load.

1.2,1.4.9 TemmuetW Intnjmentatlon

The ve•rWl concrte cask has four outlet vents near thM top ofthe c ask Pd Jbtz Wet vents st the
otm. Each outlet Is equp-d with a peminnt remote tmpemturt detector mouned In dw

ouAet air plenwm The detector Is used to meosre the outlet k pempaum, whc can be read
st a disp•ly device located on the outide surf=t of the conre ck cr at * mrioce locto.
Thedetectors Pmc kvsAlled on Olf of fth stormp cAsks at ft- ISSI'$.

1.2.1.5 Tm4 ¢tk

The a porsabte storgc manste Is designd ito bc uransportd In the NAC'STC. 7UThe ais
IQ h ps1ionmd In IM NAC.STC cavity with two d. s1was. The spacer ac rfcqylr

bmi: fte jj cask cAiry length is 165 Incd=s whil the With of hc culsta Is 122.5

The NAC-STC Is licccd by ft NRC umnt to I0 CFR 11 (Certificat of Compliv=c No.
71-92351 A qesWt for #A s a tdment W the NAC.STC Certific•t of Compliamc¢ to
incworpm tmAn t of tM canistmr v, suibft d to t NRC oA Dcc, We 3, 0, 10% The
NA.VCST' Is dc rot fa chag1.ifail sipmet.

E~. - .. -
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OTIh ansport confgurstion ofkd NAC-STC is shoun in Figure 12-3.

1.2.2 QRWO FQ

TMi section otliaes the principal handling activities of the NAC-MPC storage system. Mi-
system provides passive longl-ter stonlae of set f1el N in an inert environment. In store,
the only active system is for temperature monitoring of the outlet air. This t4mperature .is
recorded daily as check of the thinal perfronwn of dte storage system design. TM system
does not $etrat the confinemnT bouud and is not essential to f sate operation of th
NAC-MPC.

The principal activities associ!ed with the us4 ofthe system ate closirg the caffist am loading
th canister In the storage cask. The transfer cask Is designed to meet the rcqyprements of these
oftidons. The trsfer cask holds the canister duing loding with Wuel M:.jirovides biological
shieldi duripg closing of the c=n3ster; and provides thepuans by which thel'oaded cezister is
moved to, and installed n. tke storagc c.;P;. The clster assembly coml,,ks of five principal. .¢componts: the canister shell (side wall and bottom),,the shield;4K4, te ven-port, the drin part
(together with e vent and drain port covr), and i structural Jid. A draJlAube extecds from
fth Amucid lid drain port to the bottom oat ,• mdnister. The lc•lioA of the drain and vent ports Is
shown In Figure 8:i-1.

The vent W drain ports allow ft draining, vacuum drying, and backflling with helium
ne'essay to prmvide a dry. Ineit otmosphert for the contents. The vent and d"ain pOtt covr, If
SOeWl lid. ItM caister she l. And fthjoiring Weld• form t11 PiMr Y ThiernnW. bowiud•ry. TIl
oWy is hshomn In Figure 7.1-1 A se•ond•" co•tr nmentbow y formed over•l• seld

lid by fht stni l lUd md fth weld that joins it to 1h Caftr shell. Thi bwuiA', is shown in
Figwc 7.1-2.

The itnacural 4 cont•r&the drhllk4 AMn uppcd hols for attaclmnat of the swivel.hoist rins
wed to lift'•"tlo;M canister. The (rdlla! 4nd t;RWe• okls m fillcd with bolts or plgs to
*nvtd collec¢tn de.ris. W1 to prelwk fth lossibl, j of rWdiaton slam ing frm the holes,
when fth lMist fing un' t inst aled

9
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7Ue ste;-b.-steJp proedures for tiseof the NAC-MPC syst= arm preset in aiapUer. The
following list pmeents a brief desd'pdon of the principal activities. This list assun that the

nptycanister Is install-d in the ransfer cask for spent fuel pool lodng.

• Lift the tansfer cask over the pool and start thcklow of water to the transfer cask
azwulus and canister. After the annulus and canister l lower the cak to the
bottom of the.pool.

* Loa theselccted spnt &el assemblies 0 Into the Canisterand set the shield lid;
e Raise the transfer cask from the pool. Decontaminate the transfer cask exterior as it

clears the pool surface. Drain the annulus. Place the transfer cask in the
decontamination area.

* Weld Ihe shidldJid to the canstet shell. Pressure test the weld. Drqin the pool water
from the canister. Attach the vwdwr-system to th drain line, and operde the system
to achieve a vacuum.
H fold the vacuum and baclkill with helium t9 I atmosphern; Restart the vacuum
system and remove the helium. After achieving vacuum, backfill and pressurize the
canister with helium.

* Helium lea check the shield lid welds. Veot the helium inessure to I atmosphere
(absolute). Install the vcnt and drain port-coveym and, weld them to the shield lid.

* Instl the s=tucal lid and wcld-It to the canister shell. Install the-Oist uings, and
attach the canister lifting sling. inll the aapter plate on the atorw~e cask.

* Lift thetrafr c* to the top f the storage cask set It on-the adapter plate,
ensuring that Ik bottom door hydraulic actuators amr cogaged.

SAttach fe cmister lifUng slings-to thbe-ene hook and lift the eanlaW.
SOp;n the bottom dowr of the (tnsfcr cpsk.

* Lower the canlster Into Ihe storage cask. Detach thc cam r slins from the hook.
* Remove the tn=sftco €s and adapter pl4c. Remove ete tlefJiffingslings.
*, h, ta.l the shield plug amd lid on the cortc cask.
* •.lgvc the loaded Stoge &Cak to the Storago W.
, Using t sa pad rig su ot # towing vehicle. move the storaoe cak to•ts dcslgnaed

location on th* storoec p•d.

I The femoval operations arc cm tilly thc reverse of these stMp, t pt Outht weld treoval Wnd
cool down ftthe conets are rcqvid.
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S The speial eqpme needed to operate the NAC-MPC system has been described in Section
-1.2.4I. Other items required am miscellsneous hardware, connection hose and fitting% and h&n
toolt typkally found.at a reacto site.

.1.2.3 fkntgn1s

The NACMPC is designed to store up ,to 36 Yankee Class -. fuel assemblies 11. The
Yankee Class fuel consists of fuel assemblies manufactured by Westinghouse, United Nuclear,

Exxon, and Combustion Engineering. The assemblies vary In initial enrichment from a to 4.94
wo 23UO: Each nmnufactuer's types ofassemblies include to configurations. identified as Type
A, W Type B. The amngcMent of fuel rods differ in each type to allow the fuel assumbly to
accept a segment of a control blade used for. criticality control. The characwstics of the
Yarkee Class fuels am pesented In Table 1.2-6.

A caniste may contain one or more Reconfigured Fuel Assemblies dedigped to confine Yankee. Class spent:,fuel rods, or portions .tfrrof, which are classified as failed, and to maintain the
geometrid configuration of the rods. It Is designed to confine failed fuze during all stocage and
tarport conditions. Since there Is no significant remaining "gap activity" In the failed rods,
pressure retention Is not a concern. The ass.mbly can accept up to 64 full length spent fuel rods
In on eight by eight army of tubes. A sketch of the ,ssbly is piovided in Figue = .

The Rccofigured Fuel Assembly consists of a shell (square tube with end fittings), a basket
assembly and 64 fuel tubes. The external dimensions of the shell aft the samc as those of a
standa Yankee Class V fuel assembly and all materials = stainlcss steel. .I is designed
such that it can be handled in the same manmer as a stadard Yankec'Class • _i fucl assembly.
The spent fuel Is confined In the fuel tubes. The tubes arm supported by a basket assmbly within
the shell d have end plugs with drillcd holes to prmit drainog d4tyig and Inrin with
helium. The shell hos holes In the top and bottom fittinft to permit draining, drying amd Inerting
ofth asembly.

12-11
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Tb 1 mal number of full lelth rods that can be OIwced imbthe Recofigtued Fud Assembly is less
dmm dw win ber thatmihithe Y ke Clan f assemblie; (maximum of$ verus 231 rods of
the bout wave fuel). Consequently, dh effects of a RecofigurLFuel Assembly placed in a
cal (e.g., criticality,-ibnal output sore toam) are m1ificantly less ha the effects of a
dceg bss Ya•ne Clas ime assembly. Tbew eects am evaluated in the p•proae
chuaters that follow.

II

.g9

l1.2-1
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Figuwý 12. Rtconfigured Fuel Assembly 0
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Table 1.2-1 Major Physical Desi•ga Parameteus for the Trawprtable Storage CanWw I

Valu

Outside D r 70.64 in.

Length 122.5 in.

Capscity 36 •ank Class.U fuel assemblies *

Weiht' 54,7o lbs. (nominal) w/ fuei

Mukmwn b=e.l.od 12.S kW (ful)

Nbfim ~fiueitezm crm~

intul at6,opbeia Hlurm,

1.2-20
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* Table 1.2-2 Tiansportable Storage Canister [ Fabrication Specification Suina.

* All material shall, be i" accordance with the referenced drawings -and meet the applicable
ASME standard.

# All weld4 shall-be in accordance with the referenced drawings.
@ All filler metals shall be appropriate ASME material.
* All welders and welding operators shall be qualified in accor n,&-:.,4SME Section IX.
* All welding procedures shall be written and qualified ii.accorck= with ASME Section IX.
* AllWelds specified to be visually examined shall be ecdInihed as specified in ASME Section

V, Article 9with acceptance per ASME Section
a All welds specified to be dye penetrant examined shall be examined in accordance with the

requirements of ASME Section, V, Article 6, with acceptance in accordance With ASME
Secton III, NB-5350.

* All personnel performing examinatiojis shall be qualified in accordance with the NAC
International quality assurance program-and SNT-TC-IA.

* All welds specified to be radiographed shall be examined in accordancewith the requirements
of-ASME Section V, Article 1, with acceptance per ASME Section III, NB 5320.

s All welds specified t9 be xltrasonicall, examined shall be examined
ASME Section:V, Article 5, with acceptance • ASME Section III, NB330.

.Eabneation
" All cutting, welding, and forming shall be in accordance with ASME, Section II, NB-4000

unless otherwise specified. Code stampingis noa required.
" All surfaces shall be cleaned to a surface cleanness classification C or better as defined in

ANSI N45.2.1, Section 2.
• All fabrication tolerana.ns shall meet the requirements of the referenced. drawings after

fabricAtion.

* Packaging and shipping shall'be-in accordance with ANSI N45.2.2.
Ouualltv Asnurmnee

D The canister M shall be fabricated under a quality assurance program thdt meets 10 CFR 72
Subpar-G and 10 CFR 71 Subpart H.

* Th'supplIes quality assurance program must be accepted by the licenee prior to ipitlation
or work.-

* Hold points for Inspection of a completed basket assembly arm verification of the basket
assembly~diameter and length, Insertion of a "dumnmy" fuctssembly Into e4ch fuel tube, and
Insertion of the basket into the c€nister shell.

A Certificate of Compliance shall be issued by the fabricator stating that the canister M the
,* specIfications and drawings.

1.2-21



,NAC-PC'$AR
Dockit No. 72-1025

Januay 1999
Revision OC

I Table 1.2-3 Major Physical Design Pxranmt ' for t Vertical Concrete Cask

I

Paraner " Valde

Height

Outside dieter

Shielding (side wall)
Concrete thickness 21 iz.

Steel'thickness 3.50 in.

Radiation dose ra:te
Side surface < SQ.mrem/hr

Top surface -< N pirem.hr
Air inlet/outlet vents :5 I00 ft'w/hr

'Weight 1.55,000 lbs. (nominal)

Ar flow at design heat-load I 0b;.-myc

Material of constrution
Concrete: Typo I1 Portland Cement
Reinforcing steel A615 Crade 60
Steel liaer A36,Cprbon.S1ec1

Servicellif " 50 years

Maximum concrete temiperatures for normal i0O°F bulk

operation 200F local

.I,.2,2

Sims
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. Table 1.2-4 donqcte Cask Fabdcation Specification Swmfiy

- Concredtcixshll b in corm with the requirments ofACJ3 1S and ASTM C94.
• Type ILl•Poftad Cement, ASTM C150.
* Fne aggrepte ASIM C33 and C637.
, Corme aggrgate ASTM C33 and C637.

Admiures
Water Reducing ASTM C494.
Pozzolanic Admixture ASTM C618.

.MinimumCwtCnprcssiye Strength 4000psi pt 28.days.
. Specified Air lEtrainment 3% - 6%1.
* All steel components shall be of niaterial as specified in the referenceddrawings.

V Visual inspection of all welds shall be.performed to the requirementsofAWS DL.I, Section6,15."

" Specimhe shall be obtained or prepared for each batch or truck load of concrcte per kSTM
C172 and ASTM C192.O Testspecimens shall be tested in accomdance with ASTM C39.

* Formwjt shill'be In accordance with ACI 318.
" All sidewall formwork and shoi-ing shal" remain in place for at least 24 hours.
SAll bottom formwork and shoring siall remain in place for 14 days.

* Grade, type, and details of all reinforcing steel shall be in acrda& with. the referenced
drawings.

@ Embedded.items shall conform to ACI 313 and the referenced drawingl.
* The placement ofconcrete shall be.in accordance with ACI 3 1 .
* Surface fmish,;hallb¢ In accordance with ACt 318.

* The concrete cask sI.1 be constructedcunder a quality assurance program 1Wat meets IOCFR
72 Subpart (3. The quality assurance program must be accepted by NAC International Ond the
licensee pr.or.to initiation of the work.

0
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0
Table 1.2-5 Major-Physical Desig• Parameters for the T-.asfer Cask

Parameter Value

Inside Diamet. "71.5 in.

'Outside Diameter 86.5 in.

H-ight 133.38 in.

Empty Weight
(nominal) 80,800 lbs.

Side Wall Dose Rate

:5 200 marn/hr

)
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Table,1.2-6 NAC-MPC Design Basis Fuel Characterisf•c,

Yinkee Class M Fuel-31

United Nuclear Combustion "-W'4hb*

Pawmneter Type A TypeA Tx B.

Nfmber of Aisemblies per Camister 36 36 34
,Asmbly Weight, s. 50 850 900
Auembly Lngth, hn 111.25 111.7.9 111.25.. ............ .% -.

Active F I Length in. 91 91 92

Fuel Rd Cladding Zircilov Zircaloy. Stainless Steel

-Maximum Uranium, kgU 245.6 239,4 286.9

Maximum InitialI'•u, *t % 4.0 3.9 14.94

Maxiniuhi Burnup, MWD/MT 32,000. 36,6q(
-Max•iim Assembly D "y HEtkW M 0.347 .'347

Mixinum Decay Heat, M 12.5
MinirnueCool Time, yr ME

1. '["e. yankee Class O pent,fuel Includes UhIted Nuclear Type A and Type B. Combustion Engine .Type A
04 Type B, Exxon-ANF Typ4 A and Type B, Westinghouse Type Amnd Type 0. The United Nuilear Type
A Is te mod reactive assembly mnd Is ed t•e desig basis•uel for ticatity nalys. The Combustk
Type A Is tIe desi"n basi fuel for Afelding-and thermal evalutiops. The Westinghouse Type B Awl Is the
heavlestssembly Ad Is the design basts fuel for structural consideratiops.

I

2.

I
Ti NAT.-MPC can cmumodate oje or more Recohligurcd Fuel Assemblks contaInIPS up to 64 fel romdor
rod segments clafMd as filled.

I
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"" e. 1.3 A=M an Contractors

The prim contractoor the NAC-MPC design-is NAC International Inc.-(NAC.). All des.gn and
#pecificadon:actiities are performed by NAC. Fabrication of the iteel components will be by
qualified -vendors.

All fabrication activities wil be •erformed in accorda"n. *ith quality
fssuranw programs meeting the requirements of 10 CFR 71 and 10 CFR 72.

NAC is a private corporation founded in 1968, whose primary focus is the tracking, inspection,
handling, storage, and tansportation of spent'nmzlear fuel. N/LC is recognized in the industry as.
expert in all aspects of the desiM ,.licensing, and opera•ion of ipent fuWI handling, inspection,
storage,-and transport equipment, as wellas in the management of spent fuel inventorie.

NACis. the leading U.S. company.in the transport qd stbr%,, oapspt nuclear fuWl, owning apw,
operating the largst fleet of commercial spent fu;, transport cas in the United States. This
fleet includes the following casks:

a S 4l1-l/2 ff )- I PWR/2 BWR - for LWRand
imetallic fuel and R high level waste.:. -

a 5 MAC LWT - I PWR/2 BWR - XjmpR for LWR fuel,.metailc

0 2 NLI-1/24 (Rail). 10PWRI24-BWR -pi for LWR fuelf

Thes cpsks are M ['by the U.S. NRC under 10 CFR 71 and have succeWaly iA, safely
completed more than 1,000 shipments -of spent fuel and high level wa.s. ,for more than 40
nuclear facilities in the last 15 years. NAC has also designed and licensed4i: NAC-STC rail
cask for the storage and. transport of spent fuel. The NAC-MPC canister is designed to be
transported In the NAG.STC.

NAC L, has designed, analyzed, and pbtai•. C 4i•_ the following dry stomge casks:

, NAC-126 SIr # t:c omplran4i Vm for storage of 26 PWR fuel
assmbl~csV 6cW0Q-2),

• NAC-128 SIT - - for 1he storage of 28 PWR fuel aw.mblies

NAC.C28 SIT .P ,46ate. d.fCof";. a for the storage of 28
consolidated PWR~fuel canisters (56 assemblies)

1.3.1
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Within the last 10 years,.WAC contractors have completed the fabrication'of two NAC-128'"S/T
and one NAC-126 S/T storagecasks, 04 five NAC LWT tresport casks.

. . . • ,M o

- - -. '
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1.4 Generic Storae CaskAM-s

A typical ISFSI storage pad layout for 16 storige csks Is provided in Figuqe 1.4-1. As shown in
this figyre, roads parallel the sides of the pid.to fadilitate-transfer of the storage cask from the
transporterto the designated storage position on the pad. Loaded'storage casks are Ojlaced in the
vatical position on the pad bt linear array. Array sizes could .ccommodate from I to more
than 200 basks. Figure 1.4- shows typical- spacing .and repm fnttive sit;. dimensions.
However, these arc dependent on the geeral, site layout,,access roads, site bo,. daries, and

transfer equipment selection.

The reinforced concrete foundation is capable of sustainin'the transient.loads from.the air pad:
and the gSeicrl loads of thestored casks. If necessary, the pad can bectonstructed in pbaset to
specifically meet utility-required expansions.

0.

1,4,1
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Figuic 1.4-1 Typical ISFSI Storage Pad',ayout

SECURIIy FENICE 1-

1.4-2
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1.5 Licenre Dmawinu

Thi-.tionpemts the License Drawings for the NVA-MPC System.

1.S.I• NAC-MPC License Dwin

Drawing Reviiibn No. of
Numbýr Title No. Sheets
JP• Mg

455-856-

455459.
453-860

- 455-1161

455-862
O 455-463

455-864

455-866

455-870

45r- ', I

455-72

455-473
455-891
455-887

W5-888
4,15-891
4,I-892

459-893
455-894
455-895

Adapter Rihg, Transfer Adapter to NAC-STC bgC-
Name Plate

Assembly, Transfer Adapter, MPC
Assembly, Transfer CaskLTFR), MPC
Weldmn4ent, Structure, Vertical Concrete Cask (VCC),

Loadd ertical C-oncrte Cask (VCC), MPCý
Lid, Verocal Concrete Cask (VCC), PC.
Shield Plug, Veitical Concrete Cas (VCC), MP
,Reinforc•..gB,-.A Concrete Placement, Veftical .•ncrete

,.mdster Shell, MPC
Details, Canister, MPC
Assembly, • StorageCnIster (FSC),

MPCý
Assembly, Drain Tube, Canister. MPCý
PWR'Fuel Tube, Captivated BORAL, MPC

Bottom Weldment, Fuel Basket, MPc•
Top WeIdment, Fuel Basket, MPCMin
Support Disk and Misc. Basket Details, MPN
Heat Transfer Disk, Fuel Basket, MPC
Fuel B*kvt Assembly, MPC

0
0

I

I

0

1I
I

3

4
.2

.0
nh

1.5.
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2A PRINWAL DESIGN-CRITMA

Tb NAC-MC Is a cmlswae &y stors c~ask systm Lh sdo-- *ned to be tmnsportd in
the NA0-STC lkwma~d tm~spvcask. lItIs designed to store-Ywkee Claus fuel j..

Thi dsW= pree the dogn sis, iluding Me princip "gn cieria, liting load
cmditim, wd opermioWu pmeters of th NAC-MC dry stgo n em. The prinp
d•gign criteria we sxna,-ized in Table 2.1.
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Tabl~e2-1 Summay of the NAC-MPC Design Citea

00OWN Crunud

Design Code. Conme~nent ASME Code, Section III, Sdbsection1B for
c~onrxmemen boundwy

Desgn Code. Noncouneimemn
,"Basket ASME Code, Section 111, Subsection NG and

NUREGfCR-6322
- Vertiac Concrete Cask ACI-349, ACI-318
Thinsfer Cask ANSI N14.6 aWd NUREG-0612

De, gn Weight:
.CaniftAembly wlfuel .54.730 lbs.
I
Trnfo Cask 40,743 lbs.
Vcctiew Concrete.Cask 151.364 lb.

Th=Wna
Maximum Temperture, 3409C for 10-yr..Cooled

3904C for Syr. Cooled
,7VC Off;NormaVAccidcntPranstfcr

AmbieniTcu rem u Rangc -400 to 125SF
Averge Annria A• bicnt Temperaturc 759F
Cone Tempe, fure:

Nonnal Conditions " I •0F; . 200F I1ca1
Off-.NomiAccidemn Cndtfions 12 35OQF W, V surf~e=

A r
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Table 2-1 Suwmy of the NAC-MPC Dcsign Critetia (Continued)"

:Delp Crke*J

Concrete Csk-Side Will Contict Dose Rate < 50 inreaW'h..aiax)
Concrete Cask Tvp Lid Contact Dose Rate < 5 mrezm'h,. (max)
Cpncete Cask AilInlet/Outlci <' I0on irmhr. (max)
Owner Controlled Are Boundaiy
NomuiOf-Normal

Annual,.Whole Body Dose 25 mnrcyr.
Accziden• olc Body Dose 5-rm

SpoIt Fued I Sped1fiation ______________

Spent Fuel Type Yankee Class
Fuel Configuration/Vendor Westinghouse 18 x 18, 4.94 M'% u'U

United Nuclear 1.6 x 16, 4.0 wt % "5U
Combustion Engineefng 16 x 16,

S3;9'wt % ̀'U
___Exxoni- 16 x 16,0 4.0 wt•a2).U

Fueml Claddking Stainless Steel - 'Resti-,hotse

Zirealoy - All others
Spent F~u~Capacity 36 Uritai

W o r more Recnfigurd 34 Co
36ExxoA

10,600

-s ... ......bl. .u.up.tmax 1.0. .MW D /.. .. __ _ J_
Dc.ay He*t•qMr Asscmbly or RecoWMTled

fra~j~ ~Fcc!0347 MW
~Soetl~d UC!0264 kW
~fl~ueIsae~0. 01 Mk

0

I

Ji~ ~~oW~di bua1g~ ~b~nwl4~Mthc36.COO
~m)m~~44 ~O MWD44TIIIftd 10 y~rn mhidauum oot i~.. Th ~~IiiI~M~
~flA~MWD~HTtJ.

I
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2.1 Stpc Fuel I To BStomd

TheNAC-MJC bas behi designed to safely store up to 36 Yankee Clasrwclt fuel assembliC4.

The spent fWel 44signs .•e delineated by various fact6r including manufacurr, type,
endchmen bumup, cool time, and cladding material, The design bpsis consists of two types,

designated A and'B. The Type A asembly incorporazes a protiuding comer of fuel pins while
the Type B assembly omits dne comer of the -fuel pins. These fuel types, as well as minor
differences among nianufactUrer, arm.illustrated in Figures 6.2-h through 6.2-3. During reactor
operations, Dhe symmetric stacking of the alternating assemblies permitted theinseriion of
cruciform control blades between the assemblies. Table 2.141 lists the
parameters of each fuel design type.

2.1.1 BoundinR Fbe Evaluation

The criticality evaluations that the Vnited Nuclear Type A 16"x 16 fuel assembly is the

most re•tve

shielding evaluatlons that the Combustion Engineering Type A has the larger ft
= The United Nuclear assemblies are evaluated for a, source term based on an Initial

enrichment of 4.0,wcight percent, a maximum burnup of 32,00O megawatt days per mctri too of
uraIuM., and a minIMum cool-time OfIJ yers after reactor dischage.

Combustion Enginecr~o,• Cvah.4ed for source term b=4 on An IWitial
cnrichxnent o0 i=,e A maximum burnup of 36.000 mcgwatt days per m.tri¢ ion ofurawn.
&Wd a minimum cool time of years after reactor dischwe •" " .... f" IUI~ji Iiimi~~ .. I IIIPIUI[ II

-121
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2.11 M n&si•, eii ,,MablY

cOne or mpre txqxm ge sorg €ans. may hold Reconfigured Fuel Asemblics containing
spent f. rods classified,- failed fuel. TheIRecoigured Fuel Assemny may consist of up to

64 rodsepe or whole rods having cladding defects. Therods, or rod s~iment, am held. i
indivMdual tubes In an I by 8 amy. The my of tubes is positioned !A stainless steel container

having the same external dimensions as a stadani fuel assembly. It bas a top end fitting that has

the same configixaion as a standard fuel assembly. The container is closed on the top and

botm• ends by perforated plates, which act as a barrier to the lease of gross particles to the

caniste, but allow the daiming an doying of the container. The tubes are stainles steel and we
closed on each eyd by a plug. Each plug has a small hole drilled through it.

iThe3polc allows the draining wad dryifig of the individual Mubm duftn
routine closing ofthe canlster. The precludes the release of gross particles to the

canister. The effects of the contain of lailed fuel are el"uated in t pppd sections. The

stuctur, themal, shieldin, and criticality effects of the, Reconrigured Fuel

Assembly are bounded by those ofan intact fuel ambly.

I .

2.1.2
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Table 2.14t YankeeClass Fuel Paramte

Cc"OWAN" Unrlid UiAW
4*agha* &&*do$ug ua Exx iweU B=o ftme wuiagha Wa*kmiaw lNuckar Kucica

Typo TypeD , TycA Tyiel Typ A TpI TcA ?'W' " Tp*cA Typt S'
-. •.tLa (cm) 303.9 2139 M,. N3 213.1 = i3. 2i.T 212.6 •4II 21U4

.l 1 a} 191 19.2 193 19.) 19g. 11W' 19.,3 '193 194 . 19.4

(ca) ILI ILI 1132 32 1132 112 132 322 i12 13.2
AmIA Q "• TSI46 16X16" 16X-6 16X-6 IN16 15%19 IIII 16-6-

Ai"Wy Wjj0") M. 3i06 37- 172 1T 72 372 409.2-- .40. -35 i3. I-

- .*i* .94. 4.494

(IUO/Mseably) 264.3 264.1 26L3 2666 266.2 265.6 311 310 2731 2726

TlAm"MY) 2334 332. 236s 23s.. 234.5 233.6 274.1 273.2 2413 240.3

mmm <"- _ o- - --mm -i -. m '-- -t --r-
mT -- 1 -U- -r

coe Sd C.IQ SowrN..
VIR04 bmhd (cm) 12 1 . 12 1 2.2 IF ~1. 12

im Lo" (cm) 24ZT i243- 24. 24. 242.2 2424= T3T ' 7 ' 242.1 24
Am't'c F. m hli -(cm Zi1 23 111- il2 V 2.11- i Z3iI 23.1 MU4. U4 .40 2,1.1 1m.

cissewi.. -Le 09 U I9 UY 09 09 0-6 -. 6 - -- - 9

di'tg)(cml) ONt 79" Gig -ON1 0.7V oil 77'-Ol -T-., -- "Nt

- - -, --

INC~~I 9 19 T- ~ --- *W'ps f1 5Tm i oAir- uh-U Iklil

Matti#1- 4 '1
i"F1 ,cnfa i . I... x' K4.. 1-, - A-i --MA.. U^ I --- h - -444.1

IIkeomM fto- -- - - - - -- --

I -4 K4 -I - -W
liinn2oh~th h ~ , .l A 28 3*
LrMSl ii,• .. ~.i'j' £ 1- - - =~i, I . . i• .. . ' -

0
2.14
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0 Table 2.1-1 Yankee Class Fuel Pnrawcters (Continued)

E:j.uiatg Ealloain Eu Wxon Eamon EUo wamoo W&I&us Nuckv NucYN

.- zT- Z-4 M;o.-4 S,04, SSO4. 35L 34 zc-• i

.. 4(C) 245.2 345.2 2406 244A. 2446 24.6 U F F,,A'
.muumy.i1.prWon T.1cA Type TypcA T)pcB 1TyfeA TMrpB TjvpcA TypeD Typc A TypeB

OF55cMmfw S304 530 34 SA;04 55345304 553004 55 S304 55304- 55304 5S5304

makiw SS304 SS04 ;SSSS• S M SS 55304 SS304 5304 SS304 5304
Uffevfl nuil • In~icolW InelcI Incondl I"omol WFOcR" .,41fcol
Mal SS302 SS 30. X ?75 X 75i X 750 X750 NIA WA, X7S0 X 750

mNA A SSI SS304, S304 SS304 sNWA WA £SS34 "ss304
wm uVVmcUpd ss~ -c- - .N 50

TOF lNOZ* LaoI1
cn 200 20.0 193 199 204 204 22. 22.2 11.9 1119

CM) l) 111 11 119 l 319 1,.9 22.2 22.2 13.9 1819

4 V 49 49 4.9 49 49 4.6 4-6 4 1 41

,WA NJA. 12 3 I I n MA NWA 31 3.1
-Lcog (ICM) N/A MA K P. K, 1% NA N.A NIA MA NIA 2469- 24619

m 9iJlacslcmi NrA P'PA NA ., W' WA ,A W, 0U9 " 0.0M

lop Emit Wc1 . ...
ILE) $Io q 44 0 71# •- 70 1,' e 670 0-0 670 17-.4 17.0f

boowm NQazlc Wihl
Ito 9 it5 l01 513 451 553 520 520 13-211 l3.21

itqgllI 11 II ii iI ii 31 A NtA. 3 3

WeIXralv N/A NA 44 JI 44 44 NA NIA is VS

I'M'vm; 4.;, .'nl /s..,1it goo bo, 1y tnall No I4And4 7

* W - - .- -XI - 0--

- - - - - - -- - -ýSr -7 -

I'1m"c Naw solswbci ZIhJpagtj im I".%~ mamapiva14 01I.P1Ae4cIz nq,. lI4 U.*InOII on "E mf 36*'INA in owl1* 6iiwftl

F.imle Pd SRmclifVm
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Table 2.1-2 _

[. "" -ata

____________ TYPe MOMB -9 ~ jl ryiAI pwi-( iAs.b oi... i•

____ __W*__ 66.33. RAIk33

Pj*I1Iigd C mq*(Each*Rbd Phcd~Wi -

wl..4it•) .- 1.905 1.905 '1.- IM- I LNO

• O;(ii"0.9271 .I 0,92.7.t AM.-4_." f • I• M...

-0.9052 P.8052 17M .~ *1R
0.7887 0.7487. -~D I ~ Ptl

Mp-l.o - AsMse~bly 64_____ 64___14

~~~~_ ,•l___ _- p

Clad.Material Zircaloy Zirwoy Z p.34 AS. W.iou

)Erapsulatih Rod.
',Rod_ _D_ ) " " 1.27 1.27 " 1.27 4.27 . _" _

_Rod. ID (c _) 1.1278 1.1278 '1127. .8 127 J. ;.:

1w. MAWe SS-304 SS-304 F$ 10PSIP4j

faximuv-kgU based on 9S% of UOCVredcal density for tbcpt)fft v.4k de ty

0

(I
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O ~ 2,2 D•Uien Cd•,na for Environmental Cofiitio.d §nW Natural Phe~merm

The design criteria defined in this • identifies the -site environmenta conditiobs and natura1
phenomea to which the storage iy.tem co~Id reasonably be exposed during the period of
.torige. Analyses to demonstrate that'the NAC-MPC dsi"gn meets the desigcrziteria-defined in.
t& cipta ame presented in at chapters of this report. [

2.2.1 Tom and W L•WWAdings

TheNACMPC.inay be stored onwan unsheltered reinforced'conrete storag.• pad at an ISFSI site.
ThRI storr configurationwexposes the NAC-MPC to towr& o and wind loading.

2.2.1J Anplicable Delign Parameters

The design basis tornado and wind-loading i; defined based on Regulatory guide 1.76 Region-l
and NM G-0800. The tornado and-wind loading criteria are.presentedin.Table 2.2-1,

2.2.1.2 Determination of Forces on Structures

Torpado wind forces on the NAC-MPC are calculated by multiplying the dynamic wind pressure
by the frontal area of the cask normal to the wind direction. Windforces.are applied to the cask
in the wind direction. No stieamlining is assumed. The evaluation of wind'loading and toriado
missile cffects on the NAC-MPC is presented in Sectioni 11.2.13.

22.1.1t T.rad Missiles

The-design basis tornado missile imp;cts are defined in Paragraph 4, Subsection III, Section
3.5.1.4 of NUR1O.-0800. The design basis tornado is considered to generate three types of
missiles that impact the cask at normal incidence:

2.2-1
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'01. Massive Missile -
(Dcformable Wli~gh,
kinetic cnegy)

2. Penetration Missile-
(Rigid'h adendd steel)

3. Piotective:Bari.. Missile -
(Solid steel spIre)

Wei#A sk 1900Qkg (3960 pounds)
Ffohta Area - 20 sq.-t

Weight 125 kg (275 pounds)
D'ameter = 8.0 inchre

Weight:- 0.06o kg (0.15 pouds)
Diameter -,,0 inch

Each missile is assuried to impactthe cask at a velocity'of 126 miles per hour, horizont•j to the
ground, which Is 35. percent of the maximum wvind speed of 360 miles per hour.. For misile
impacts in the Vertial direction, the assumed missile velocityls (0.7)(126) - 88.2 miles per.our.

The deWfed:analysis of the NAC-MPC for the missile impacts applie' the laws of conservation
of momentuzn W. conservation of energy to estimate the impact force.qp the cask as a function
of the thie of iippact and the amount~of missile deformation. Each Miasile |mp;actis evaluated,

and all missileiare assumed to impact in a manner that produces the rnranmtmi damage to the

.NAC-MPC.

21.2 Water Level (FI7gd) Desi n

The NAC-hMPC may be exposed to a flood duripg storage on an unsholtered concrete storage pad
at an JSFSI sile. The source and magnitude of the probable maximum flood depend on several
v'ariales.

2T2.2.1 Food Elevations

The NAC-MPC is evaluated for a maximum flood water depth of 50 feet above the base of the
storage cask. The flood water velocity is considered, to be 15 feet per second, Under-these
conditions, the NAC-MPC will not- float, tip or significantly slideon the ntorage pad, and the
conflnemcnt function will be maintainrd.

2.2-2
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2:2.2.2 PhenomelnaConsidered in Design Load Calculations.

The occurrence of flooding at an ISFSI site is depeoent upon the-specific site location and the
surrounding ggMphIcal features, natural and ma-made. Floodi.g of an ISFS! site is highly
improbable because of the- extensive environmental impact studies that .areperformed dpinrg the
selection of & site for a nuclear facility. Some'pcssible sources of aflood at an ISFS1,siteare: (I)
overflow from a-river or stream, dueto unusually heavy ral, snow-melt runoff, a dam or major

water supply .fine break caused by a seismic event (earthquake); (2) high tides produced, by a
*hurricane; .and (3) a tsunami (tidal. wave) caused by -an underwater carthquake or volcanic
eruption.

22.2.3 Flood Force A~plication

• he evaluation of the NAC-MPC fQC aflood condition determines a maximum allowable flood
-water current velocity and a maximum allowable flood water depth. The criteria eniployed in the
determination of the-maximum allowable values are that I cask sliding or tip-oyer will riot occur,
amd that the canister', material yield strength is not exceeded. The evaluation of the effects of
flood conditions on the NA.C-MPC is presented iW Section 11.2.6.

T7e force of the flood water currnt on-the NAC-MPC is calculated ai a function of the current
velocity bymultiplying tho Oynainic water pressurc by the frontal ea=of the cask that is Pormal
'o-the cuirent direction, The dynamic water pressure is calculated using BemoullPs equition
relating fluid velocity andpressure. The force of the flood.water current is limitedsuch that the
overturning moment on the cask will be Imss-than that required to tip the cask over.

2.2.2.4 Flood Protection

The inherent strength of the reinforced concrete cask component, of the NAC-MPC provides a
substantial margin of-safety against any permanent, deformation of the cask for a credible flood
evpnr at an ISFSI site. Therefore, no special flood protection measures for the NAC-MPC are
necessary. The evzluutioznprcsented In Section 11.2.6 shows that for the design basis flood, the
allowable stresses In the canister are notnexceedod.

2.2-3
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2.2.3 kic Dign

The NAC-MWC may be exposed-o a seismic event (earthquake) during storage on an unsleltere,.
concree pad at anoSFSI.site. The seis¢ic response spectra experienced by the ck will depend
upop the geographcal location of the specific site and the distance from the epicenter of the,
earihquake. The only significant Mffect of a seismic event on the NAC-MPC would be a possible
tip-over; however, dp-over does not occur in the evaluated design basis earthuake. Seismic
response of the NAC-MPC is presented in Section 112.2. [

22.2.3.1 4no Criteria

The.magnude of the naximumn seismic accelerations to which the NAG4MPC may be subjected
are site-specific. .10 CFR 72.102 defines a 0.10 g horizontal ground motion design earthquake as
the ninimum-'aowable .eismic design criteria, and 0.25 g is s.uggested for ites cast of the
,ocky Mouhtiin front. I1ne NAC-MPC is designed. to 0.25 g horizontl and. vertical .seismic

acceleration. This acceleration p;ovides seismic qualification for a pfidominant number of
nuclear facilities within the United Sutaes.

2.2.3.2 Seismic - System Analyses

The seisripc ground acceleration that will cause the NAC-MPC to tip over is calculated in
Section M.2.2 using quasi-static analysis. knethods. Both horizontal and vertical acceleritidn-
components are considered in the analyses. These components are calculated and combined
according.to Section 3.1.1 of NUREO-0800. Evaluation of the consequences of a tip over event
is provided In Section 11.2.1;.

2.2.4 Sgow and [cc Loadings

The criterion for determinlng design snow load!, Is based on ANSI/ASCE 7-93,.Section 7.0. Flat

roof snow loads apply and are calculated fromn the following farmqla:

P, 0.=7CCIp,

2.2.4
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WP 11 W roouImow load (psf)
C -Exposu -factor w .0
C Them" ctr•r- 1.2
I 4- mpormm'cefactor =-1.2
p,. *grotwAsnow load, (pso - 10o

The numerical values ofC, C,, I and ps are obtahw. from Tables. ,;19, 20 an Figure7,
rsectivety, of ANSUASCE 7-93.

The exposure factor accounts for wind effects. The NAC-MPC is Assumed'to have a site location
typic4! for siting Category C, whichis defined th be "locatio. in.which msnow removol by Wind
cannot be-lied on to reduce roof loads 1,ecau.e of termin, hier sttucturs, or severml .tres

* 'The thmna factor accounts for the impo'rance of buildings aM sUrgctu in relation to.public
heath and safety. rhe NAC-MPC is conservatively classifled.as Wqor1y-.ll.

Ground spow loads 'for the contiguo-s United.St.Aes qrc givcn-ip'Figures 5, 6,and 7 QfANSI/
ASCE 7;93. A worst case valbe of 100 pounds per'square foot was asumed.

Based on the above, the design criterionfor snow and ice loads- is:

Flat Roof Snow Load. pi r (0.7) (1.0) (1.2) (1.2) (100)

- oolgpsf

This load Is bowi ed by the weight of the. loadcd, t mfe-crsk. Th" now loadis considered In
the load combin~tions dordbed-in Stclion 3A.4•.2.
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2.2.5 Combined Load Critera

Eid normml, off-normal and accident conditionthas a combination of load co that defn- ft
tota€l'ombined loading for that condiflon. The individual load cases considered include thennal,
seisnifc, extetral and internal press&r, missile impacts,.drops, snow and ice loads, arnor g1ood,
water forces.

The load conditions to be-evaluated for storage casks wre identified in 10 CFR 72 and in the
*besign Criteria -for an Independent Spent Fuel Storage Instalation (Dry Storage Type)"

•(ANSI/ANS 579 - 1992).

2.2.5.1 Load Combinations gnd-Design Strength - Con Cask

T. "load cornbinations.specified in.ANSI ,NS 57.9 - 1992 for concrete stru r are applied to
the coqcrete.casks asshown in Table -.2-. The live loads are considered to vary fton 0 percent
to- IO0-1prcent to ensure'that theworst-case condition is evaluated. In each case, uic of I00
percent of the live load produces the-maximum load condition. The steel liner of the concretd @
cask It a stay-in-place form and~it:providds radiation shielding. The concrefe cask is desigred to
the requirements of AC! 349.

2.2.52 Design Strgngth Reduction Factors -,Concrete

In €a1,ulating the design strength of the NAC-MIPC concrete body, nominal strength vlue; are
multiplied by a strength teduction factor in accordance with Section 9.3 of ACI 349.

2.2.5.3 "j'OA! Combinations andIl)., gn S.rength - caiste ." and Basket

The canister Is designed.in ecordince ,twh the 1995 edition of the ASME Code, Section III,
Subsection NB for Class I componcnt., The baskct structure is designed per ASME Code,
Section IlL Stubscction NO). and structuralb $ khng of the basket Is evaluatu.'d.per NUREO/CR-
63-22.

0
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The load combinations E for all nordal, off-normal, and accident conditions and.corresponfing
service levels.are shown in Table 2.2-3. . Levels A and DM.wvice limits are used for normal
and accident conditions, rospectively. Levels B and C s'oice WIts am used for'off.noomal
•conditions., The analysis mthxxds allowed by the ASME ('pd are employed. Stress intensities
caused by pressure, temperature, and mechanical loads are combined 6efore c•niparing to ASME'
codd allowables, which are listed in Table-2.2-4.

2.2.5.4 Design Strenth - Tranfer.Cask

The transfer casis a special liftipg device and Is dWsgned and falticated to threqqir'ments of
ANSI NI4.6 and NUREG 0612 fbr the lifting trunnions and s, poros and ANSI 57;9 for the
rminde' of the structure. The criteria are:

The combined shear stress orimaximum tensile stress dWJng the lift (with 10 .rcent dynamic
load factor) shall be < SJOand'S./lO for a nonredimda•• load path, or;shall be :PS3 and SJ5
for redundant load paths.

The ferni•c steel material. used for the load hi,:,i•;'s of the transfer cask shall.satisfy the

material toughness requirements of ANSI 14.6. paragraph 4.2.6,

2.2.6 Ennvironh'ental Temneratur

The normal, long-term design temperature was selected to model the expected average ambient.
to bound most annual average temperatures seen by a cask over its-lifetime. A temperature of
75SF was selected to bound all Wnual average temperatures in the United States, except the
Florida Keys and Hawaii.

The 75F normal temp•rature wasucd as the base-for thermal evoluations. The evaluation of
this environmental condition is discussed along ,i,; the thermal,malysis models In Chapter 4.0.
The thermal stress evaluation for -thenormal operating conditions is-pravidtd in Stction 3.4.4.
Normal temperature, fluctuations are bounded by the severe ambient temperature cases that a0.
evaluatod as ,-f-normal and accident conditions.

2.2-7
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Off4m .alt svere enviromental conditions were defined- as -40F with no so loads -and
00¶F with splah loads. An cxtnme~environmental condition of 125*F with maximum solar

loads is cvaltued as an acident case th show'compliance with the maximum heat load cas
required by ANS-57.9 (Section =1110). Thermal p-fprbmance was also tval.ated.assuming

f-blocksag of the airnles.and th compleje blockage of the air inlets and outlets. Thermal.
analyses for.thesecases are presented in-Sections 11.1.1 and 11.2.8. The evaluation based on
ambicat temperature conditions is presented in Section 4.4.

The designbsiis tempeaures used in the NAC-MPC.pnalysis ame shown below. Solar "ns•lance
is as specifiedin 10 CFR 71.71 and Regulatory Guide 7.8.

Normal
OffNormal - Severe Heat
Off-Nomnil - Severe Cold
Accident'- Extromc'Heat

75OF

-40OF
125OF

yes

yes
no

yes

0

2.248
+#
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ELayroam,,atal Conditoin LAiit

Rotational Wind Speed, mph 290

Transitiopal Wind'Speed, mph 70

MAXiMUM Wind Spee mph 360

RWus pfMax. Wi.d Speed, 15. 50

Pressure Drop, psi 3.0

Rate of.-Pmu Drop, psYsec 2.0 "
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Table 2.2-2 Load Combipaions for the NAC-MPC Vcrtial Corcrte Cask

-ai - I. -mW - - -Coublntlm Copdim Dud- Lve Wiad :TkfmaM Sthl TUb Impat D R o

I Normal IAD i.7L

2 Normal 1.0SD 1.275L 1.2751T.

3 Normal 1.05D 1.275L 1.275W .1.275Tr_
4 Off-Normal D L T.

.. & Accidea
5 Accl'nt D L T,
6 Acc=nt D L T.O A
7 Accident D L Ts F
• Accdeknt D L "To .,

Load Combinations ae from ANSI 57.9 prod ACI 349.

D a Dead Load
L u Live Load
W a Wind

To Normal Teimperartu
F * Flood

To ff Off- Norml or Accideit Ti.paum
*, Design Butos Ean Muakc

WI Tornadr~foeAd Missile
A Dpf-b

S
2.2-10
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TaWl 2.2-"3 Load Combinations for the Transportable Storag Cmnistrj"

•WAD NORMAL OF-NORML ACaDENT
- --

AsMia=LgVeI 'A ~B c. D
LoaCombb6"s 12 3.1 12 34 5 1 2 34 5 6
-JtWreiht' ' Cans•wwthh fel x I x x xX 'Xx x x x x x x

Thenl i SUe Cusk
7.FAmbient X X X X X X X X
In'ratsfcr CLsk
75' F Amblent X X X X
In Stormp Cask
S,40*For 100FAmblent . X X

IhWI reu= Norma) X XXx x x x x
Qff.Normal X X X X
Acc•.ent. X X

1iWa4g.f a Normal X X X
O(T-Normal XX x

Drn InMP . Acie~nt ____ ___ X
AcLdA_ A_, _nt_.. X
,_ __ __ __ ____ __ X

F ,'_ Accident" . -. x..

2.2-11
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Table 2,2-4 StuctuWaHDesign Criteria for Components Used In t•e Transportable.St.orage 0

1. Nom1 a Operatous: Service Level A.

C-4wiste. ASME Section'l).'Subsectlon NB

B]3ket:-ASME Section YJ1, Subsection NG

gM Lifting Devices
ANSI W14.6 and NUREG %;12

2. •)f-Nonmal Operations: Service Level B
Canister: ASME Section III, Subsetcion NB

I

PL + P<5 1 Sw
PL+Pb+Q_<3Sm

Redundant load path: combined shear or max.

tensile stress _ Su/S t SY3

'Pr < l. 1 Sm
Pl. + Pb < 1.61 Sm

Subsection NB Atlowabs:
PM < 1.2 Sm or Sy (whichever isUR
PL + Pb < Is Sn.qt 1.5 jy (Whicher is less)

Note: Level C allowables for Subsection NO
am; larger than gse lur Level C per Sub•ec•il•
NB. Therefore, it Is conservaytive to employ
Subsection NB allowabks for the basket;

3. OTf.Normal Opeations: Service Levcl C
Canister: ASME Section Ill. Subsection NB

-Basket: ASME SectlonIll. Sub.,tionmNG

4. Acident Conditions. Sen ice Lc% cl D
Canister. ASME Section l. Subwaitm Nil

Basket: ASME Section III. SubSectin NG(i

5. Baskot Structural Eluckhng

Pm;- 2.4 Sm or 0.7 Su
(,hichever is less)
PL + Pb_. 3.6 Sm 0! 1.05 Su
twhichtveris less)

NUREGICR-6312

9
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2.3 .aft Prowion SYsJPn

The NAC-MPC relies upon passive systems' to ensure the protection of public health and safety,
except-in the tase of fire or Xplosion. A; discussed in Section 2.3.6, fire and explosion events
at effectively precluded by site administrative controls that prevent the intr6duction, of
flamzmable and explosive materials. The use of passive systems provides protection from
mechanical or e4uipment failure.

2.31 General

The NAC-MPC is designed for safc. long.term storageof spent nuclear fuel. The NAC-MPC
will survive 4l] of the cvaluated normal, off-noimal, and postulated accident conditions without
release of radioactive material or excessiveradiation exposure to workers or the genral public.
The major design considerations that have been incorporated in the NAC-MPC system to'assqr
sa'elbng-term fuel storage are:

1. Continued confinmWin postulated Accidents.
2. Thick concrete ani steel biological shield.
3. Passive.systems that ensure reliability.
4. Inert atmosphere to provide corrosion protection for store4 fuel cladding.

Each W'AC-MPC system storage compontent is classified with respect to its finction and
corresponding effect on public safety. In accordance with Regulatory Guide 7.10, citch system
component is assigned safety classification Into Category A, B- or C, as shown in Table 2.3-1.
The safety classification is based on review of each componcnt's function and the askaMent of
the consequences of component failure following the guidelines of NUREGICR.6407,
"Classification of Transport•ation Pacging and Dry Spent Fuel Storage System Components
According to Importance to Safety."

Category A - Componints critical to safe operations whose failuze or malfunction could directly
result in conditions advcrse.to sAft operations. integrity of spnt fuel or public health Prid safety.

2.3.1
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w~at in-th-. rod Pa.

2. ctan!At4 &h cxtedo of &h kwftns to* pdiof go "ftnb~ se Mniga to,
Pawcib Akf bnrst of kuvai~.

4. Usn• aft WngnngOt Q thMtrc•k o 10 tManU c4IstcWS notrjS n opt
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A mooa umpaoftm metui sysum is mpoycd to was m oiitletalr wiMm of-eM
WAC.MPC In Ioq.-tm swagv. The ooutic • s ncordd daily as check of the
lhtrdw petormance ofth bckt rjection caIPblty ofde storat cask. The outlet t"er•pawrc
Is expece to Irse In the uwikely Cven tMtO one or mor Wnlet or owtet vcntinlon ports
bccome bked

Snlet Ink oJteCpmu Ate visUy InWpctMd etch day durig the &aOM wr.Jk-O In wWb
the •pagums an roded, This visuai •Ipcton s• U n L4 swing OW t- .wnpmat
manuing syerm is continuing to perform a ea xecd.

The ciskter shfeld lid wild is helium !leaI .t during cose. 4 t leak detect is checked
0p45n a khnovu bhliwmi Mt immedistcly priof to. and UAcrus, to pMIlud& wa*Mv lesk

The viunW, nWkXae ctIdcWaY S•f design cntedo f o the I ACMP Is to providW fi•=su
Wa m ensu tha cask rrnfa suvriuil wder nc-mui•k of.ioa. an acc dc1M CondidotM

NNUAKi' Poison Skts e, 0L AU (i MJ oe pilciq in the bazl~c ksip to cW=ur 1&=9=J~c
neutro W Pfcu MOMMntrod rimion. tsci flORAL sbmut wt 'inube&-to cexh A&e of
ezh fllct Dio= A ON a mnchawally supponed by t* Avel tube * nxtur to mm ft
IM p.Wft Okch XmCA. tn 1lAbC (1 S fti 40111c bas nonns ofl norkMt WSd ecC t

ThO ethaettr th at 1 PRAL tttIftI rmn jti~ ulag AkVCtCihcr a~ftey Ui oi=srid by
fti Cuitulity I h~utL alalu rafa- IO or

- ~1A
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l ~2.3.4.1 F.O. Com, carw

To. dalp of &h cadste wAn fi4 bUkt IS suh I*at W$cida All COndition, IhC 11hMget WWMr
mWU{p{Adon Ador &a) will be ka dm 0.95. Tbc c4Utuy crvauatonfor tIe dtsis belds
fUl Is pmcnd In cdtlon 6.4. Awipdm ma& in t alysts used to dmoqjt
con rfEtict to 1Ims cdtezon include:

I. Mos reactve Yank• C:lass fuasser44y typc{t maximum 'J. Inadi";

2. 75 pe ofthe 0 nonai JOB Ioidlt In Q•c S.O{AL-
I. InfirCAM OrrayoeSk In the X-Y (W=Woma) P1kXn
4. Ja'ilt fuel length with no Inclusion ofhn leakage efftcts;
I. NO sgtnuma "atuwwl pitscnt in , me ascmhl•y
6. No credit aken for boron in the cwsk cavity or surrounding Io Wipg or sgoraic •ar;

7. No credit tAken for fuel bumup-r fork- buildvp offluon pWoduct roIet poison.

Thcmsa mp•tons emonsfate stqumtc controls to amms"sw. ritclty In &he we of Rhe NAC.
MPC system.

ThC NAC'.M?C SYSteM 5n kccpuAS %ith thM M Lai* As Remznshly Achieisahk (ALARAM

P~troJ*Y. is dcsigncd 10 miII'INZ4. m I te tctv pmicabIce, operaor Muiologleal exposure.

Ac.• s,• am NAC.MPC ISF SIte vt C,,,n.rvIrci b) a M•.•Wi fein to a tN se rcquirmeinOf IOClg 7+arI I•!ll CP Z:F Ac+c .'m ,he +.r+ arca. eM its des~igntionas to Shem 1eI~lof

ulf:ICun trn Cxionrcswr. d is *d c~z bii gi ld pst. X-WtdaC Te Storae Ka.e Wfll ke
sir~ct~ & ~rc.haw~ ~k~e u~ 1 4 w f1f r m~ee pwes The feecu %ihve
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Te MAC-MiPC Is de"pined to provid; an twood side vxfac dose am and neuron) ofless
than 50 nva (avetrag) on the storage cask sidles, 35 mremlb (tAm e) top, and 100 mrm•h't
at the air YWve inkcts. Tho transfer cask side wall contac dase rat limit is 200 mihr
10d, T desig maximum dose wrat te lop of the .•str suctMa ld, with
s"!wnatal shielding. is 200 nremriv (sv ,) to limit peronrl exposure during c.ster
clo e operations,

Stctons 77.104 aw 7v.106 or 1o CFR 72 st whole body dose limlis for an Individl locate4
btyoM Ow controlled at&a at 2S mlliirems per ycm" (whole body) during normal ope•atons anA 5
res (5000 millirems) from any dcsiign 5lss S"&idCnL I"U analyses showing the actual NAC*
MPC doses o.Jrnclukd In Stcitons,5 0 And 1.-0.

21353 Ventfl0tio t0tTfa~

The NAC-MPC is pa.sively cooledib rndjut and nzt,.,l cr.lvection haftrwfsr at the ouwer
sudface of the c€itcr and natuml con,%;t. hoot t-ksfer in #K ca•swco. rete cask a&=ulus.
The botom. of fth cask is consmtcrv wswr& #~4d U an adiabaic surt~ce. The d"ip
criterion for ft- air.flow in tIbC Ann'UA alk A31 th- . pf•u, dl~fcrne, duC 141M bQQyaACY effeo
crated by the hbeging of thc mir, Is cqlu t w k-A,,. pressur drop. The dkals of- O psivic
ventilon ssterm ndcsig arm provicdd In SCCIIon 40

Th =n arm no xid vc ,cckalcs duran r .'ml .iprttaors AIo, t re no credible accidents
tha clus sIgniftcant lW w of wif rthkinjs..Im fnto t NAC.MPC nid, hence., therm R no off.
IV syslcm ftquilvincntslo f~t ht NA(.MIR p'( 4ain noniAmpa tOrgopemailon. 1Ue only 6=m an
ofTf-I Systrm i, requitr I dun, q the %,,,-Jci.Jong pha, . Duringis ohperaie'n tho =.ctot
olTifas qS)tCm or& IUPA Jilict sii l.iut N,' u,:cd

The iurfCe of die mri•e Iv cxjx,.d io, ,,,•rg i,• hn hea ft nistlr Is pla•cd hW ft- sWtrag,
c&I,& th s sn cwit mti' cd. ticn•.%l exim ta con•tmIntion conld bc cawi,4
814f b) fth Cic~nr ftsircant Tot Ce c Cr~hati O. M oiler SurfaC Is (at. of ConfafllsiN110 M1o
%Altr 11 gPreicted f.'in ('n1wtan the "Nga czterloc by fi!Hing tho tmranse C#,AjeCuSW

2 I-r,
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)ýrNo. 72-1025 Rwyisiono. Clean wter s injected into the gap during the entire tine the Utasfer cask is submeged. Tese

lprlude the Innmign of contaminated water into the canister annuipr gap.

Oncec the transfer cask is moved from the pool, a sea survey Is taen of the exterior wsrface
of the canister war the top. While no conlamin__ on is expected to be f.opd, it.is possible that
the surface could bo r ontaminated. The allowable upper limit on surface contamination is
cakuxcd In Sectioh 12.2.1A. Ifthis limit Is exceeded, then steps to deontaminate the canister
surface must bt talcen and continued until the contamination is less than the allowabl limit

To facilitate decontariination, the canister is Wiibrcated so that its exteior 4urface I* smooth.

Ifhe=, ate no corners or pockets that could trap and hold contamination.

2.5.4 BAl'g;gcsIW AtanI, SwMtms

Thee ac 7no radioalc•1 aani required on the NAC-MPC. Justification for this Is proved in
awaysis in Sections 5;0 (Shielding). 10.0 (sadiologichl Protectlo3), and 11.0 (Accide"t
Analysis).

Typical.l. tbul radiation exposurc due to the ISFSI Installation Is detenmlned by the use of
Thenro-Lulnesccnt Detectors (TLDs) mounted at convenient locations on he ISFSI fence.
The T-Ds am mid qmertrly to pmvide arecord of bowda•y dose.

2..6Fie mow Ecrelogian PraISCtio

Fire aid explosion prowction P1 the NA..MPC" k, pFniadly provided by administrative confroll
Opplicd at the site. whwh lrclude the intwduction of Any "plosive and #Ay excfivyc
flammble =0431ah into be JSFSI AN,.

2.3 f1 Ei iEm Ulotet

A miror ISF.9l fir, ik not omidmkutj crmdtkk. se there is very lottle mt4ral ne.R. fth C•ls tft
:,,J. gentribuite :'% a fire The norwe, eCak 1% aicly Impcxvioul to imid"Il th alMA unts.

Adr-MMSIMUK 6:0P.T011 V-111- k- put In 1.9 AA thWt the PM= Of COmbustibles Is
MICIMIANl A I'thciiz!li JIMMnt 11 03al'tic Mall AW&.AMM&Atdiio in Sccttn 112~.5.
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The cask and associated systtm we aiyzed Io ensure their proper fiuon umder an
ovapessurecondition. As described in Section 11.2.3, in the cvluated 22 psig overpressure
condition, stresses in the canist* remain below allowabl Ilin*,s ad the= is no. loss of
comfiMent. These results are conservative as the canister is protected from direct over-prcssmu
conditions bY The concre stoagse cask.

For the sam reasons as the fire condition, a severe explosion on an ISFSI site is not considered
credible. T evaluated ovcr.pressurr Is considered to bound any explosive over pressure
resulting from an industrial explosion at the boundwy of the owwner.controtled ares.

'4
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T"l 2.3-i Safety Clauilikca ofNAC-hiPC Componcnis (Coinuied)
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TabWe234 SOThtY Cls.ificatin ofNAC-MFC Components (Continued)
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O 2.4 *-- Cosdeo

The pdncipul elcn* of the NAC-MPC storage syste are the vetical concret cask (stora
cask) nd the transporta* storage canister (cniste).

The store cask provides biological shielding and physical prntection for the contents of-the
caisr during long-term storage. The storage cask Is not expected to become surface
contamioated durigwe, excep t r-gh incidental contact with other conuminated surfaces.
Incidents! rootact could occur at the interior surfce Oiner).of t*e storage cask, the top surface
that supportsthe trwn-fer cask during loading and unloading operations, and the Aoor of the
storage cask that supports the canister. All of thes: surfaces am carbon steel, and it is anticipated
that th= surfaces could be decontamnated! at neceqry for decommissioning. A layer of
insulation and stainless steel is placed on the floor of the storage cask In order to separate the.
suanless steel canister bottom from the carbon steel storage csk bottom plate. The insulation
rests on. the storage cask carbon steel pedestal. The insulation is covered by a sheet of stainless
steel. Lontamimntion of these surfaces Is expected to be minimal, since the canister Is Isolated
from spent fuel pool water during loading in the pool ndthe transfer cask Is decontaminated
pior to tramn of the canister to the storage cask. In the unlikely event that the. insulation
becam= contaminated, it Is not reasonable to expect that it could. be decontaminate.
Consequently, the Insulation would have to be disposc4 of as suffaCc.-ontaminated material.

The concret that prowvi,', biological shielding Is not- expected to become contaminated during
tx period of m. Ps it 0. .v not come Into conwtawith other contaminated objects or surf:ces.

Activation ofuli, c~nbn StMel liner, Loacq%, support plates, ad reinforcing bar could occur due
to mutron flux non the stored fuel. Since the ricutron flux rate Is low, only minima activation
of CMro steel In slonge cAk Is expected to "ccur.

I..I~- ._-,i•. -•..mm~~~ i~~Nruimumn

2.44
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eommissioning of the storage cask would involve the removal of the camister and the
subquent disassembly of the storage caik. It is cxpected that tht oncrete would be boked up,
and steel compomts segmented to reduce volume. Any contaminated or activated items ame
expected to qulify for near-surface disposal as low specific activity ma!il.

The transportable storage canister i designed and fabdlated to be suitabje for use as a waste
package for plmanent, disposal in R. deep Mined Geological DispoW System, In tht it meets the
requirements of the DOE MPC Design- Procument Specification. The canister is fabricated
from matepials having high lag-term corrosion resist•c, ad the cnister contains no paints or
coatings that coud adversely affect the pennanent disposal of the canister. Consequently,
decommissioning of the canister would occuronly if th fuel contained in the canister had to be
remove4 or if current requirements for disposal were to change. Decommiss.I Ig would
require that the cloiur welds at the canister structural lid, shield lid atd shield jjd:port covert be
cut, so that the spent fuel could-be removed. Removal of the Contents of the.canister would
require that the canister ýe returned to-a spent fuel pool or dry unloading facility, such as a hot
cell. Closure welds can be cut either manually or with automated equipment, with thepocedure
being cssentially the reverse of that used to initially close the canister.

Following removal of the contents, the canister could have significant intMal-contafnination due
to the contents, and may contain "crud" of other residual material in the bottom of the canist.
Some effort may be required to remove the surface contamination prior to disposal; however, in
practice. It would not be absolutely necesa to decontamninate the canister Internalk. Any
contaminated canister and intemrl components are expected to qualify-for near-surface dispoul
as low specific activity waste without Internal contamination, as the internal contamination
would-consist only of by-product materiars. Should Internal decontamination be necessaq, the
canister And basket surfAces art smooth. and the '-sign prtcludis tho presene of crud taps, thus
focilitating any required decontamination. Since the neutron flux rate-from the stored fuel is low,
only milnmai activAtion of the canister is exPcted to occur. W W --

O qOMpf CO 0019p00*41sar iWe i TObWi2.44Ji

The unloaded canister could also qualify as a-strong, tight container for other wastc. In ths case,
the canistcr could be filled, within weight limits, with olt-r qualified wate, closed and
tr, sporicd whole and completc to g oc•-surfacc disposal site. Use of the caster for this
prjposc could Wruc dccomrn.Issionnl; custs by avoiding decontamni-tion, segmenting and
rciplcking.
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0 The s,'W:ep4 fCf-a Ma s otIng Utility fitUes are CXlCcted to require decontnWation
as a result,.of uwotb N'AC-MPC sysnM. The design of the cask and canWse. pmecludes te
relea of.t.entna' onfium the contents over the pcuiod.of-use of the systepi. Consequently,
be itepm may be reused or disposed of as locally generated clean wast,.
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3.0 STRUCTURAL EVALUATION

This secion.describes the design and analyses of the principal structural components of the
NAC-MPC System under normal aef conditions. -It demonstratis that the NAC-MPC
System meets the requirements to assure confineme of contents, criticality control, radiological
shWelding, -and contents retrievability as required by IOCFR72 for the design basis operating
conditions. Off.normal and accident conditions arm evaluate'in Chapter 11.

3.1

3.1.1

The NAC-MPC System consists of three major components: 1) -the vertical concree cask
(storage cask); 2) the transportable storage canister (canister);. and 3) the transfei cask. These
components are shown In Fi.gre 3.1-1. The-principad..buctuhhl member of the vertical-concre
dask is the reinforced concrete shell. The principal structural members of the canister arc tlw
shell n lid, bottom pate, the welds joiding these components, and the basket assembly.
The primary structural components of'the transfer cask art its trunnions, innef 6d outer steel
walls and the bottom doors and their support rails. All of the components are shown on tIe
license drawings provided.in Section 1.5.

The concrete cask Is; reinforced copcrete cylinder. with an outside diameter of 128.inches an an
overall height of 160 Inches. The Internal cavity of the concrete cask Is formed by a 3.-Inch
thick cylindrical carbon steel liner having an inside diametW of 79 inches. The liner Is a stay-hI-
place form. Its thkness Is primarily determined by shielding requirementU, but is related to the
need to establish a practical limit to the diameter of the concrete sholl. The conre~te Is Type II
Pottland Cement, •aving 4 nQomnal density of M40 lbsdft', and a nominal compressive strength of
4000 psi. The Inner andouter reinforcing bar Assemblies sre .formed by vertical hook bap and
horizontal hoop bars. The air flow path is formed by channels At the bottom tOjat provide the
entranc for cooling air, the air Inlet ducts Ut odmit the air to the storage cask Interior cavity
(i.e., the annular gap botween the canister onter s%-fac= pnd the concrete cask liner In Wor
surface, nd the Air outlet ducts.) A 5-Inch thick c4fon steel shiec4 plug, that cncloses a. t-Inch
thl*c layer of NS-4-FR neutzon shield matorial, is Instifled In the concrett cask cAvity above tht
canister. The plug Is supported by a support ring weldcd to the liner. A 1.5-Inch thick Carbon
steel I|• provides a cover to protect the canister from advem envlrownmcntal conditions and

3.1-1
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postulated itomado driven :missilcs. The shield plhg and lid provide shielding to reduce the

akyshine radiai on. The lid is bolted in place.

The-canister•consias of a cylindrical shell assemblyclosed at its top end by an inner-shield lid
ad an outer structural lid. The caniste; contains a.basket•ausembly that ý spent fuel f.
The canistqrshell is 1223 inches long and is fabricated from. 304L stainless eel plate. The

canister shield lid is 5-inch thick Type 304 sol,,ess steel, andihe structural lid is 3.0-inch thick

Type 304L stainless steel. Bpth lids are welded to the canistc shell to close the canister. The

shield lid is supported..from below, prior to welding, by a support ring. The structural lid is

supported, prior to welding,'by the shield lid. The bottom of the canister is a I-inch thick, Type

304L stainless steel plate thatvis welded to.tfr canister shell.

The basket .ssemhbly M is designed to hold up to 36 Yankee Class fuel assemblies.
incorporates 22 Type 17-4 PH stainless steel support disks and 14 Type 6061-T6 aluminum alloy

heat transfe disks. The remainlng cdmponents of the basket assembly ire Type 304* stainless

steel. These disks, together with-the top and bottom weldments, are positioned by tie rods'(with

spicers-and washers) thatextend the length of the basket and clamp the components together.

The support disks provide heat removil and.support the fuel tures that pass through the disks.

The heat transfer disks provide the heat removal capability,. but are not cousidered to be w
stiuctural components. The fuel tubes have an inside square dimension of 7.8 inches and a

composite wall thickness of 0.14 inches. All walls&of eamh fuel tube.contains a sheet of BORAL

neutron poison material. No structural credit Is taken for the.BORAL sheet.

A transportable storage canister containing spent fuel may also contain one or more
Reconfigured Fuel Assemblies. The Reconfigured Fuel Assembly is designed to contain Yankee
Class spent fuel rods, or portions thereof, which are classified as failed, and to maintain the
gqpmetric positions of the rods. The assembly has a capacity of 64 full length spent fuel rods in
on eight by eight Way of tubes. As shown In Figure 1.2-5. the reconfigurcd fuel assembly

consists of # shell (square tube with end fittings), a basket assembly, and 64 fuel tubes. All of

the materials arm stainless steel.

The Yankee Class Reconfigured Fue Assembly Is designed to contain failed fuel rods. In fuel

tubes, during all storage ond tramroort conditions. The Rceonfigured Fuel Assembly is designed

tot reqftuirments of ASME Blkter and Pressure Vcssel Code. Section III. Artiele NG-3000 and

3.1.2
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NUREO/CR-6322, "Buckling Analysis of Spent Fuel Baskets" and using the additional guidance
contained. in ASME Section JII, Article NF-,3000 and in .ASME Section. 114 Appendix F. M

Tae external dimensions of the Reconfigured Fuel Assembly ar the same as those of other
Yankee Class fuel assemblies. The weight of a loa4sd reconfigured fuel assembly
(approximately 550 pounds) is less -than the weight of other Yankde Class fuel assemblies
(approximately. 850 pounds). The maximum temperature of the Reconfigured Fuel- Assembly
components Is determined by the theimal analystes presented in Section 4.4.

The Reconfigured Fuel,. mbly has been evaluated and is capable of withstanding, within code
allowable limits (Service Level A/B), q.postulated end Impact resulting in a deceleration of 20 g.
It is also, when located in a fuel slot in the transportable storage container, capable of
withstinding, within co.'.. %llowable -limits (Service Level A/B), a postulated side impact
resulting in a deceleration of 20 g. This analysis bounds -the design conditions of the
Reconfigured Fuel Assembly for normal conditions of storage.

The Reconfigured Fuel Assembly has also been gvaluated for accidant conditiofs and' is capable
of withstanding, within code allowable limits (Service Level D), a postulated end impact
resulting in a deceleration of 57 g. It is also, when located in a fuel slot in the transportable
storage container, capable of withstanding, withtn code allowable limits. (Service Level D), a
postulated side impact resulting in a 4eceleration of 55 g. This analysis bounds, the design
conditions of the Reconfigured Fuel Assembly for accident conditions ofstorage.

Therefore, the strucipml evaluations of the NAC-MnC System- containing other Yankce Clas=
fuel assemblies (Chapters 3.0 and 1 T.0) bound those of the NAC-MPC System containing one.or
more Yankee Class Reconfigured Fuel Assemblies.

3.1-3
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The folowing components ealuat in this cbq*Ve

.Cr4ster lifting deices
*Conisutr shell, bottom, and structursl lid
* (auster shield id suort ring
* J~usketas.senlly

'rrsnsferca " .t•hnots, shells, retaining ring, bottom doos, and support rails
Vertical concat-esk body

* Concrete cask stee" .€omponents (teinforcemeit, liner, lid, bottom plate, bottom, etc.)

All other NAC-MkC sysem components shown on th* dmwings presn ted in Section 1.5-m,,

either nousb-cturalor not classified'.a.ioportant to safety, They am appropriately included as
loads in the ivaluation of the components listed above.

The structural evaluations demonstmtte at all of the. NAC-MPC components veet their

sltuctural-desln criteria pn aft capable of safely storing the design baWis spentfuel o,

3.12 jAzign• Critei

The NAC-MPC structural design criteria Is sp-cifie4 in Stctiorz.2.2. The load combinations of

notnal,.ofl-ormal, and accident loadings have been evaluated in acordance with ANSI 57.9

and ACI-349 for tho concrete cask (see Table 2.2-A and In accordane= wita the 1995 editi6p of
Ihe-ASME Code,.Section Ill,.Divisioft I, Subsection NB for'Cass I components for the canister

(see Table W). The basket Is evaluated in accordance witf OSMNI Code, Section l11,

Subsection NO, and NUREG-6322. The transfer cask and the lifting yoke ame lifting devices that
arc designed to NUREG-0612 and'ANST N14.6.

3.1-4
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FiguM 3.1-1 Priipa Compo ts of& NAd-MPC System
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1IU cm"p weights and centas of gravity for the NAC.MPC system am s.maizd in
Table 3.2-1.
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TAbk 3:3-7 Mwcbka Prpekes of ASO0Cabon Steel

?rapady(Nib) 100 2PQ 300 400 50o 600 450 700

.11.0 53.0' 51.0 53.0 - _ -

42.0 32.3 37.2' 35.9 33.9 31.0 30.4 30.2Sy (ksl)'
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EasUicl9 (ksi)

a (WurV OF?
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Dtashyklw~ift)

29.OE+3 21.8E+3 28,3E+3 27.7E+3 27.3E+3

5.53E-6 5.19E-6 6.26E.6. 6.61F,-6 6.91U.

26.7E+3 26.1E+3 25.5f+3

7.17U. 7309-6 7,41E-6
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3
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T"bl+ 3.3-9 ModwU Propetia'of6061-T6 Aluminm Alloy

npmty(Oaks) 70 100 200 3"0 400. scm 6m

0
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0 TW•ab! B,10 Mechdancal Prpes of Coamme

Tan~pershnr C'F)

Pr%"t(uIS) 70 100 po;o 300 400 50o

Compeshive
su th (psi)

Coefficient of
Theb= Expamion'
(W'n/'F)

modulus of
Elaticityr (csi)

140

4,000
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4,000

140

4,000

140

3,800

140

3,600

140

3,400

3.3 xl,0 ,
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Table 3.3-11 Mechanlcul Properties of NS4-4FR

___ I~ure (IF),__

(opetry(wits) 16 158 2,12 302

Compressive Modulus 561
of Elasticity' (ksi)

Coefficientof 2,22E-5 4.72E-5 S •BE-5 5.74E-5
Thermal Expansion'

Dn(itn/y' O W)

Densitly' (lhm/in') __________--_______

' ESC-Product Data.

313-12



NAC-MPC SAR
Docdgi No. 72-4025

January 1999
Revisioo-OC

• m

~mEE U 3 .1 U U 4Jfl U U

i -/ -H m m -

Ko m m ia mm a a
- ~ mm " mm m m

M~ - - -E,

FPI i w S0 In

&'AN ill I I



NAC-MPC SA1R.
Dockct No. 72-J025

January 199
Revision OC

U- t yin
- - ~D - -U.. I. ____ __

*2E __

* U. U U U

- *.....E U U

U ***U U, U
_ -5 _

- U *..U.U U U

C, U U *'E U.

- T~ -~~-- U U U U

-. .:MIWIE - m -
- U
- ________

K III ~
I IIIi~IE



MAC-MPC SAR October 1998
Docket No. 72-1025 Revision,0B

3.4 General Standards for Casks

3,4.1 Chemi•cal and Oalvanfc.,Reactions

ThI materials used in the .fabricationl and operation of the NAC-MPC system have been
evaluated, to determine whether phemical, galvanic, or other reacions among the materials,
contents, and environments can occur. All phases of operation-loading, unloadipg, handling,
ind storage--have been considered for.the.environments that may- be encountered under normal,
off-nrmal, or accident conditions. Based-oq the evaluation, there fi potential 1 that
could adversely pffect the overall integrity of the storage cask, the fuel basket, the transportable
storago' canister, or the structural integrity and ret.ievability of the fuel from the canister.

L:,. .' .a -. - Ind W. 0
a-eCMIA -NAr oaifg prop 0aj~~~j

3.4.1.1 Comnnent Oprating Environment

Most of the component materials of the NAC-MPC are :exposed to two typical operating
environments: 1) an open canister €ontainiig ppol water or borated water with a pH of 4.5 and
spent fuel or other radioactive material; or 2) a sealed canister containing heliumn, but with the
canister in environs that include air, rain water/snowiice, and marine (slty) waterlair. The spent
fuel assemblies consist of zircaloy -or stainless steel clad fuel and, other fuel assembly
components ofstafiless steel.

Each category of.cglister component materials is evaluated for potential reactions in each-of the
opcrating envinrorinenYto.whlch those materials =re exposed. These environments may occur
during fuel loading or unloading, handling or storage, and Include normal, off-normal, and
accident conditions,

One of the operating -environments to which the canister Internal component materials arc
exposed does not provide the conditions necessary for a reaction (corrosion); i.e., both moisture
and oxygen must be present for corrosion to occur. This long-term environment Is the sealed
canister. bIckfllled with heliom. Helium displaces the oxygen In the canister effectively
precluding corrosion. Galvanic corrosion (i.e., between dissimilar metals that are in contact)
could occur; but only if there Is water present at the point of contact and the metals are In

3.4-1
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electrical contact with each bgzer (i.e., mechanically held together). NAC's operaming jruceduies
.provide two helium-baclaill cycles inierites separated by a vacuum-drying cycle for the canister
4urift the pre-paration of the canister foistorage; Threfore, the canister cavity is effectively dry

and-galvanic corrosion.is precluded.

3.4.1.Z Comm=

The component materials evaluated are categorized based on similarity of physical and chemical
properties and/or on similarity of component finctions. The categories of materials that are
considered are stainless/nickel alloy steels, nonferrous metals, a4 criticality control materials.
These categories an evaluated based on the environ.,ent to whichthey could be exposed during
operation: or pse of the.canister.

The canister componenit materials are pot reactive among themselves, with the canister's
contents, nor with the canister's operating environments 5I during any phasw of
normal, off-normal, or accident condition loading, unloAding, handling, or storage operations.

¶~~pldn=6ac _iqh qiW

3.4.1.21, t aii s td

No reaction of the canister component M& se * .l* is expected in any envircrnment except
for'the madne environment, where chloride-containing salt spray might initiate pitting of the
steels. If the chlorides are allowed to concentrate Ond stay wet for extended periods of time
(weeks). Only the external canister surface could be so exposed. The corrosion rate will,
however, be so low that no detectable corrosion products or gases will-be generated. The NAC.
MPC has smooth external surfaces to Wrinimize the collection of suzh materials as salts.

There Is a significant electrochemical potential difference between austenltle (300 series)
sMainless steel and aluminum. If aluminum Is In electrical contact with. the-4ustenitic stainless
sicel. the aluminum could beexpected to exhibit corrosion driven by electrochemical EMF when
Inimemsd In water. Pressuritd Water Reactor (PWRL) pool water d~cs provide a conductive
.patential. The only aluminum components that will be In conmact with stainless steel and
exposed tr-the pool water ate theheat transfer disks In-the fuel basket. Since the fuel basket is
not welded or bolted to the cisters, poor, If any. electrical contact with the stainless steels is

3.4A
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* PeSent. Therefore, in the absence of electrical contact between the aluwminumtand the stainless
steel, galvaqically driven corrosion does not occur.

-Based on the foregoing discussion, thcre.are no potential reactions asso.iated with t stainless
steel canister components.

3.4.1.2.2 Nonfrrwu Meas

aj, , .OmM mi

a,•. r'•..eco.'. prdce• a .o, -•• "• ,...
,1W N#~ t o. so.266r6o =d

Fbe~c4l scmdtop bptwm the 6D61 -Tf aluralnW ha~j&~* -Iq6q-*J blhI6a =4 fppot t•.l p~oo wte. jib gneraton c eom •,ij .sti • u .M..•. 6•..

A plmlc -actim .may occur at the contat swf* b. q a -.•o_-• -

O reaction Cea=e dwi the lectrolyte Is weka&~~ W3.
ioeI~u.qrnruku electrons A Valtage, or C rnom4Ilw(fte(iic~i i~
Ofrn 0 .VIf generte bctw. .,. two dissnfla nt A me* In C$.Jh 0*901 .Kftf Th of.

P*4QWJA*=f Loadq oporat-1o5 geeruy tauc IWOMTI omp~Iok-.
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M.M.

, ý.!2 tv 1.2

T; 77r. ln(.ý iý%. ......

r"t tro`

:3.4.1.2.3 CriticaRIXt Con1rol bateriaj

The criticality .Control mQterial is a -sheet consisting of boron carbide mixed in an al.minwn
all0). This material i5 ffl•:icl) . shect aif alunjinum that is to contact with the Stainless steel
fl'CIl tUbs and is completely cnclo:cd by a %,elded stainlt*4 steel cov,-r. This "aluminum" is
protected by an oxiide laiy er thAt furmN, %hortl) aftr f.Abdrition end prccludc. further oxidatioa of
the aluminum or interaction with the %tainlcss steel. Conscqupctly. there are no potential
reactions associated with the aluminum.based criticality control material.

W:4fl11 ca

Z* 1 -71
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3.4.1.3 General Effects of Identiffed Reactions

potential chemical, galvinic, or other been identified for the NAC-MPC system.
M condition; such q; the generation ofofamma..ble or explosive quantities of combustible gases

reult duigayphase of canister operations for normal, off-
normal, or aceld~cht coiidiu*on

3.4.1.4 Adegquc= of the CgnisterOtcrating .toctdues.

Based on this dvaluation,. which resulted'in M Identificd , it is concluded that the NAC•-
MPC operating controls and procedures presented in Chlpt~r.8.0 are adequate to minimize tlie
occurrenceof hazardous conditions.

3.4.1.5 Effets of Regtion ProdqcLI

potential chemical, galvanic., or-other been ldctified for the NAC-MPC.
" " • The

overall Integrity of-the canister and the structuralointegrity and ittrievability of the spent fuel |
V not adversely affected for Q the design hWsis life of the canister. Based on th6 evaluation,
there will be no change In the canister or fuel cladding -thermal properties, there will be no
binding of mechanical surfaces, no change In basket clearances, and no degradation ofoany safety
components either directly or Indirectly [•.

3.4.2 POsitivee Closur

TheNAC-MPC employs A positive closure system that is composed of rnuldipass welds to join
the canister shield lid to the shell, and to Join the camister structural lid to the shell. Port covers
that •re welded to the shield lid (sce Figure 3.4.2-1) close the Bonetations to the canilter-cavity
through the shield lid. The welds employed for closing the NAC-MPC canister pjrclude
iLnadvetrit opening af thc •mister. A bolted lid closes the top of the conact storaga•m k. The
lid •e•ghs approxlmately 3,000 pounds. De weight of the -lid, its Inaccus•lblliy and the

presence orthe bolts effectively precludo Inadvertent opening otthl lid.

3.4.7
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Fipre 3.4.2-1- NAC4MPC Welded Closure System

STRUCTURAL LID WELD
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PORT COVEP WELD
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0
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To provid. more efficient hanl of the components of the NAC-P C system, different
ncthbds of liM, i.e., trunnionus, holst r , and jacks and air pads, bavebeen designed. for each
of ft. componens-the transfer cask, the transporUble -storage canisteri. and the storage cask,
respectively.

The transfer cask is !ifted by two trunnions located near the top of the cask. The 10-inch
diameter trunnions extend through the muhitwall body to 5.25 inches beyond the outer shell and.
am full-penetration welded to both the inner and the outer shells (Figure 3.4.3-1). TIe transler
cask is designed as a heavy-lifting device that satisfies the requirements of NUREG-0612 and
ANSI N14.6 for lifting the combined weight otlthc transfer cask and a fMly loaded eqpister of
fuel and water (approximately 143,000 po"us). This is the maximum weight for the transfer
cask during a lifting operation,

The transportable storage canister is lifted qd handled, while supported on the shield doors
within the transfer cask during all preparation, loadifig and cask closure operations and Is then.
movcd-4o the top of the storage cask. Six hoist'tings.that ar threaded Into the structural lid are
used to lift the loaded wd closed canster just off the shield doors of the transfer cask an4 to
lower the canister into the.storage cask.after the shield doors arc opened. The host rings arc also
used for any subsequent litipg of .the-,qaded canister whose weight Is approxlurattey 54,730
pounds (Figure 3.43-2).

The vertical concrete cask is raised approximately I Wnches by four lifting jacks placed at the
Jacing pads located near the end of ench air Inalt. A system of eir pads consistitg.of 4 •.its Is
*on Inserted under theconcretc cask. The wak Is lowered onto the air pads (uninflated) and the
Jacks arc removed. The atr p•ds ar Inflated to lift the concrete %s W poition it m required
on the storage pad or on the transport vehicle. When positioning is complete, the jocks am again
used to ise ft cask and remove the air pads.

9.

3.4,9
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3A3.1

The concfe cak is lified from te bottom via an air pad system. Insertion of the airpad system

is n possible by ft use 6f lifting jacks. The =ret design utilizes a.SynPhrou Lfing
Sytm with four (4) hydraulic jack cylinders. ITh sym is designed to eqwUy distribtes
hyfdrlic 04pre . wmon four cylinders.

3.4.3.1.1 80= L-By Hytid k

To ensure the concr-•c bearing stresses aM the jack locations do exceed the allowable sr..., the

mquired dWieter of thejack piston rod is determined. Th cocare allowable bearing cipecty

(in pounds) at each jack is:

Ub M #f,'A =e (0'7X4,OO)•A U= 2,199.1d 2,4

9
4 - 0.7 strength reduction factor for bearing,

IV 4.000psicoicrtte compressie strength,

A a MIconciate bearing rea (4 = bpng rea d'meW).

For dead load conditons, the concrete bearing strwt-must bc gmater tW the storage c&*k weight
times oMacfactor, LA of 1.4:

2.199• 4 d•4 1 W 1.4(206.100) > d 5 in,
ni 4

3.4-12
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-a: . thenumbe ofwjcks,4

W - w the ight ofthe-VCC, 206,100 lbs.

Lf- thekbadfacr. 1.4

h dbia obtined in the above equation is the maxmum perrisslble area at the surf•e of
the concr* over which the load must be distributed. The force exerted by the jack to lift the
storage pk it applied to the bottom surface of the top plate of the air inlet, which is separated
from tfe concWO surface by I one * thick steel plate. The forceexerted by Ibe jack will be
distributed over i larger miar on the concrete surface. The cffwctve diman€,t of the load acting.
onthe con rsurface is incrtease by 2 x tan (45') x thickness ofthe steel plate. Therefore, the
required hydraulk jack piston diameter is:

5.73 in. - 2 in. - 3.73 in.

"he actual hydraulic cylinder to be used has a piston Wd diameter of 4 1/8 inch, w•.ch is greater
than the required 3.73 inch.

During the bottom lift of the storage cask with hydraulic jacks, the weight of the loaded canister,
pedestal and air inlet vent system arm transfemcd to the baseplate of the storage cask (total weight
a 63,230 Ibs). As the baseplatc is loaded, the plate tends to flex, thus separating the concrete
from the bottom plate. To prevent this separation, Nelson studs are utilized to bond the concrete
to the bottom plate,

Us* of the Nelson stu•b requircs proper spacing to prcvcnt overlapping of fe shear cones of
adjtcent Nelson studs Efl&W). The tcrm "shear core" refes to the gCometry that A (ai!4
concte section takes when &'Nelson stud pulls out of concrete. Ovalapping of odjacert sheor
cones. tends to , duce the effectiveness of the Nelson atud. In the ease of •te storage cask thirty
two (32k, 314 x 6 3146 InchNelson studs axe used. For 4.000 pAi strength concrete. the mlnmu

3.4-13
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iinM / , M,M1a 13,766 hz.1b

lbo manm bendi" *as . Is cmp • ot,-O

€6M (x13,736)...
GM, ~ 1g,3S5pst

Eq~wion (Hl13) In tbo MmnrWa of Steel CftuuuitoM (AISC). ChartdH. is tWd to evusiua
comblned sts:

. U 10,9t•9,,0 1.0Fa F 21.200 23.760

Thcref]o, &0 pedot h ftwurly wkqat to su2wiot-of& J'dcd wlsrr.

343-1 DO

Tbit amp cuk Is suppW rye Wfsi p44i In each of 4 qwk**mt dwW unjtaiipL Thp jsIvA of Lbe
.lt pods (Omr 41 In. K 41 hn *=ar povs) munst ckav fi* *~ Inlet Woc~on by aWpoxln=ty 3
Wnhes to allow ftr Iydoiuic jack ww-~

Th stpd lyvtm bi3nlm= lift el~wica t to lk owtiea botwmii~fc Iwsc b G6 inhe LW 3'I O

Wr syst btu mdoi tnk wvd lfift eAjity ef.60AC paUnd~

71K air p.J SYSIM MO~ kvik sufficin fmie ta ovuome IMe M-6&h ONA slane ceuk vador
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ftorw cuk, whil suppora4 by idr pods, AllU be-tusfcrre from~ tml deck to torage pod site
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Once PositIMed Mth- sOr-e pW, the aWomge c*s bflifted m kI air •Ls• die jacks or sir
no =4-osl The nulaxmnw ar pad dt&We MosJt plu lift W& -during All ha~i4Tg az4
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Eai.,l0fhing devke in a d j*-poWi lift would experience the followinq load, F, wheg lilling 11.
cadater (thc toral load is bued on the desd weight of the oAded cistar with a dynamic load
f6;wr.of 10 %):

F54.7304l.1 2O8lF --------u•20,068 lb
3

7Uz h•h r6l~ Wd to Iia' the• Cardtr have it OW~e Io capwi:ty' of24,000 pour.0L with it $t

Y Scty ,, bW Oued o, WVter•• J ,{pme st,•ength U. l length of Ole Wist daln bolt is 2.50
Who, Thefolloing caictlton (using a foftuha frop Mschlner's Handbook) d•motwata
thfs txread enagement leng$h of 2.50 Inches Is satsfrctoy.

tefin•ofTcpns

D at bosic nmjor diarneter of bolt beds-a 1.5 Irtzhcs
n number of threa4s piinch - 6
As a-lenkircumoflb Wikot 0=hrend(n)
L, 'minimum thread cngtaementc Ingth for mating materials with cqual tensilc

stmngt on.)
K4mu-- maximum minor diameter of lid (Internal) thrM4 W-.35 Inches
F mln .-mInim•m pitch diarnoteofbolu (exrtcmlu thme , 1.38II12 inches
A, u shear arem ofbolt fteAr•Jln')

A * -sheararc, oflid thrastln, le
Dm~n N * nimunm major 4iamtcr of bolt (WtenWl) t =ds 1.4794 Inches
E~mx a-maximum pitch diametcr of lid (interal) thwhads 1.401 Inches
Q w ler-.th of Mhra4d cvje mMc rcquircd to pmvent rhearinag when fht =tling thread

mat,'ias a• ditfifnit tensile srcngths (In,)
J a cA4k factor for caulw"on oa Q
II a height offtr "p tIV eAd r 0.1443 inches

foiht rdng.3veial 4140 |igih stcnith alloy steol
Twnilimnithof140 'I Ia.1=• p1i
Hlist ling. hrcw. ,1a! i -•,t•
8&ucwm , lid trwiat.l T"I- 3fl4 L stiel" act
Teoiprt=~ afa ioctuMa lid 2501F

14.U
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For steels up to I00,0OOP.I tensile skSngth, the tensile Ka of the bolt thre is given by:

A, "

Foyrbaflnttnaterias having equal tMnsil strengths, the minimum length of thread enagement is

L.. 2A,'

11416,K mx[.vo+0S7735n(E. MI-K..max)]

Lr a M Inches

For ing mAtrials oddiffedn tensile strengths:

A, x lensilestrngthof bolt Mad medal
A4 x tfllesengthoflld thradmateril,* ~The sbcw amea arm calcuilated.as f'Nlows:

A&3.4116JILAR K 4 1 x 4~u.OMXsns mlin- K&, )

,44,,713I.,(D. in-E, max)]

A.11

Al



NAC.hMC SAIL
Do"NtIo, 72-1025

The-krgth oftia fened a ge ienJccssal to prevenrshauig Is:

QuJLS

October1998
Revision OB

0
Quc(2048XWP73)av22Oiml e. 2Sin.

Thefo therequdred IC49t oftad! cmgqemnt is 2.23 incewich Isless 0=a #we hoist
rigthread Ingth of 2.5 Inches,

It-
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The structund adequacy of tht canister structi'al lid and weld was cv~luated wuing. a finite
eleimentCresentaflon of k uper portion oft canistr using t ANSYS'program. As shown
In Figure 3.43,2-1, ithe model represents one-half (1S80 section) of the upper 50-in. of the.
caniver (including the structural and shield lids). The lids and shell In the model we comprised
of SOLID45 lemeients. CONTACT52 elements are used to model the Interaction between the
stuclt=ral lid end the cani:ter shell .ini between the shield lid W,-d the canister shell. just bekw
the respective lid wel4 Joints. The Aizl of the CONTACT52 gaps was determined from nominal
d,`menslons of contacting components. COMBrN40 elements arc used between the stvucturl And
shield 1I1s In the AxIl direction and bctween the shield lid n the backing ring, Thes gVas a• e
aslsgncd small gap sizes of IE-8 inches. All gapspring clcmints ac assigned A stiffness of 'I E
Thsin.

lo cnforc symme=ty at t bawiundMr of the model (in the x.y plane), all nodes on the x-y
symrycq pl=.' wcro retrined perpendicular to the symmtry plane (UZ). In addition. the
o.s ]n the x-z planeat ft bottom-of the model wemre rstrained. In the axial direction.

a
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Load-bearing memben of a lifting device must be capable of lifting three (3) times the combined
weight of the shipping container with which it will be used, plus the weight of intervening
components of-the liniig devico without exceeding the tensile yield strength of their materials of
construction. In addition, the lifting components must be capable Qf lifting five (5) times that
combined weight without exceeding the ulimate tensile strength of the materials. NUI•.•G 0612
also requýr•s that ft. lifting loads must be ba!sd on the combined maximum static and dynamic
loads that could be imprted on the handling device I'xd on characteristics of the crane that will
be used. A dynamic load factor of 10% has been applied.

To simulate the lifting of the canister by a three-point lifting device (the lifting configuration ,
actually two independent three-point lifting devices), point loads equal to one-third of the total
canister and contents weight plus a dynamic Ioading:factor of I0% wen applied to the model.
Because the model repre.ents a half section of the canister, only two point loads were applied
1200 apart a shown In Figure 3.4.3.2-1. Because of the symmetry condiions of the modl, -the
force applied to the node on the aymmetry-plane was-one-af of the value applied at the other

location.

The maxlmum stress Intensity generated In the canister model from the applied lifting forw was
3,753 psi, which occurs In the structural. lid where the lifting loads were applied (see ligumc
3.4.3.2-2).

As stAted previously, the maxiimum stress Intensity In the canister lifting model occurs In the
structural lid that is constructed ofTypo 304L :tainlss steel. The yield strength (S,) of Type
304L stainless steel at, 2500F Is 20,300 psi. The ultimate strength (S,) of Type 304L stainless
steel at 2507F Is 63.550 psi.

Th factor ofsfety (FS) fartho canister lift based on: yield strength is:

S, 20.300p31

The facor ofszfety for the canister lif-based on ulWtimate stAnlth Is:

I 0I

14.24
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Figum3A.32-l' Can.steW Lift Finite E.ementMq l

&*M.$W

wow PAO".
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R$Ure 3.4.3.2-2 Cmistertlift Model Sftueac Intensity Conqtourg (psi)

0
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3.4;3.3 TonsfrLCak Li

The evaluation of the transfer caSk~presented htr= shows that the design mcets:•ANS N14.6 and
NUREG 0612 for heavy lifts. The adequacy of the trisfer'cask.is shown by evaluating the
stress levels j all of the load-path components. The rnaximum weight of the loaded traisfer
cak is calculated to be 143,013 pounds. (Table 3.2-I). For this analysis, the transfer cask is
conservatively assumed to wjgh- 150,000 pounds. A dynamic load fqetor of 10 percent is
applied io establish p-design basis loaded canister weight of 165,000 pounds.

34.3.3.1 Transfer Cask Shell and Trunnion

A structural evaluation was prepared for the transfer cask to evaluate the structural aeuacy of
-the cask shell pnd trunnion during lifting conditions, in accordance with ANSI N14.6 ind
NLREG 0612.

An ANSYS 3-D model'h used to evaluate-the liftinig ofa fully loaded transfer cask. Because of
* symmetry, the 3D ANSYS model considers.one quarter of theiransfer cask. The model contains

only the upper portion of the trinsfer cask since the purpose of this celculation is to evalgate the
shells at the trunnion region. The lead and NS-4-FR.betwccen the inner Prd outer shells of the
transfer cask art also neglected since they are not structural components. SOLID95 and
SHELL93 elements are used to model the trunnion pnd shells, respectively. BEAM4 elements
ar: used at the Interface of the tnUnniop and the . shells to transfer PM moment
fron the SOLID95 elements, do5 t' fd*oA not to the SHELL93
elements. The ANSYS model is shown In Figure 3.4.3.3,1.

The total (design) load for the transfer cask Is conservatively assumed to be, I,,000 pounds,
Including a 10/4 dy4,arnle Ioqd factor. The loading applied to the model Is (1 65,004) / 4 - 41.250
pounds. The lad Is applied upward at the Irunnion as -A "surface load." T1; lifting yoke
dimensions determine the location of the load, "'t .iiio Ur.

~dIuIujca u$f~A wrilform kmpQiF 1004 T# Wa k 4bekx1 foth

Per ANSI N 14.6 and NUREG 0612, factors of safety of 6 on material yield strength and 10 on
O material ultimite stx~ngth arc equ~ircd. For the ASTM A-SS8 shell material, the yield strenith.

SI is 4S.6-kl. a-4 the ultimate strength, S,.s 70 ksl at iOOF. The trunnions are constnrcted of

3.4,27
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ASTM A-350-carfon steel, Grade LF2. From~thc ASME Code, Section II,'PanD, Tables U-(S,)
and Y-I (SI),.the yield stress, S. 1A found'to be 31.9 ksj, and the ultimate stress, S,, is found to be O

70ksi at 3004F.

Tables 3.43.3-1 and 3.4.3.3-2 provid a summary of the top 30 maximuin stresscs~for the outer
shell'and innershell, respectively (see. Figures 3.4.3.3-2 and 3.4.3.3-3 for node4ocations for outer
shell ad inn=r shell, respectively). ,Sress contour plots :for the outer shell and inner shell arml
shown in Figures 3.4,3;3-4.and 3.4.3.3-5, respectively. As shown in Table 3.4.3.3-1 and 3.4.3.3-
2, 41 sftesses, except the local stresses, meet the requirement of ANSI N14.6 and NUREO 06.12
with a factor of safety of 6 on material .yield strength and 10 onomaterial ultimate strength. Per
ANSI N14.6, Section 4.2.1-.2, the high local stresses,

- i.'ri• are relieved by slight local rnaterial yielding and the stress design
factors are not applicable.

* -WW* A-

5m*hit7~nca~. Inch) for the 1=ermn~ uWe ac1Ii!ýftNelpoc

For the trunnion, the ax•imum bending mnd shear stress occur at the Interface with tht outer-
shell. The linearized stresscs through the trnnion is 3,287 psi in bending ad 1,221 psi In shear.
Compaing lo the m•tcrIal yield stress and ultimate stress (A350 eabon steel). the F.S.-on ylcird
and ultimate strngth are 9.7 (- 6) pad 2L3 (> 10, respectively.

3.4.3.3.2 Bctgaf.npRina gAd Dlotts

A retalnlng dlng Is bolted on the top of the transfer cask lo-prvcnt the Inadvertent lifting of thO
canisterout of the trssfcr cask, which could result In inercoscd rsdiation exposure to neab•b *:

3.4,28
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0@workers. 1h the event that the loaded transfer mak is inadvertently lifted during handling of the
canister, the.retaining ring and bolts must have sufficient strength to support the weight of The
tran.f crsk, -

To qualify the retaining ring, the equations presented in'Roark for q.nular rings are utilized. The
retaining ring is represented as shown in the-sketch below (Roark, Table 24, Case le). The
following sketch assists in defining the variables used to calculate the stre In the retaining ring
and bolts, The model assumes a uqiform annular line loadw applied at radius r.

The boundary conditions for the model are outer edge fixed, inner edge free.

O1 The material-propetes and parameters for the pmalysis are: O

Fle dimension. Welthi oflransfr cask (wihJ
10/9 dyniunk lp4d(W4or

Nurnkrorhbous

wt*$81M(• bm.x 1.1

IPg 0.7, In RAdii! loCA1AOf VtppllC4 load;

ra P-353 in.

WWu lcnO• ofapplicd load:

bolt drCle:

a E 39.2 In RI InmatcrlIl. Lju221,1 n

outr ,adius (ati1cr cdge) AMMh A3811 Applkid unit load:

6,404 In Modulus olUflCIty:

Ipnr u4(qus E a21.3 x W ~PAi Lr

b* 34J In Polsm'ff F010
.0 * w*4017pit

3.4-29
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TM shear nwoduus is:

0.' E

2. (I +v)

- l.OSx 0' Psi

A plate conta D, Is used in dete.in•ig boundary values tozd in the general equations for
deflection, slope, moment and hear,

Di'E.t'
D"12. (ii :v2

D" 1.101 x 10 Ibs.-in

TaMn ta shear constats, I4 arodY.., are wed in determining the deflection due-to hean

= - 031 13

Te calculated shear stresses at-polnts b nd a (inner and outer Wis) are:

% -0 pst

-a 432.3 psi

The calculated rWdial bertlins stresses at points b and a (Inner and outer radi•) are:

ox (b) -L0 psi

a, (a)- 15,220 psi

The calcul4atd tfmg•ntWal bending stresses Atpoints b and a (inner and outer radius) arc:

1, (b) 1 828.0 psi

u, ()" 4,717.9 psi

3.4,:30
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0 1Ue pnrmncpz,' -kesse at the outer radius an:

~( (a) + cr.(a))+ ;(cr)-

al. - 5,240 psi

O~lI((a), oa)t
(a)

a h 4,69S.8 psi

The ' r psi

The su'=s intensity at the outer radius (P., +• Pk) is:

O
SI, -,1 S,240 psi

The principal stMss at the Inner radius an:

( O ( b ) + c i ) ) + i + ( r b ; c b )

k 2

OlbKOpsl

0b*a jm+ ) +

0ta a 828.0 psi

3A.31



* NAC-MPC SAR
Docke No. 72-1025

Jnuary 1999
Revision OC

y A, 2E.0 psi

The stess idtcnsijy at the imer radius (P. + Pb) is:

S1. = a Ib.--b

Si b -!828.0 psi

Týe makimum stress intensity occurs at the outer radius of.the retaining ring. For.
onditions, the afllowible, stres a is equal to the lesser of a S. and 1.1 S

For ASTM A588, the allowable stress M at 3000 F is
ksi. The calculated strcssiMumof 15.24 ks! is less than the allowable strcss

- and the margin of safety is -K.

.

...........

f13:11171

0
3.4-32
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TIe load on a single bolt, F,, due w the eactive force caused by inadwetntly lifti•g the tran.fer
caskiis:

r F-wt .Nb bs.

The load on each bolt, Fm, due to.theending moment, is:

ANbJC1 ( 6L)

Fm ~ lbs,

where

a = the radial bending strss ot point a (15,220 psi)

L the distance betwen the bolt center line and ring outer edge (c - a, 1.2.Inches)

The otal tension, F, on each bolt is:

, The bolt tensile stress is:

!4~

im
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F&r IM conditionsj hc allowable stropsfor primary mofibranoc, stres in a bolt !2

The nwgar~f-safty. for the ,ohts is J

~~IAi

1010

Coiarvmtvcly, 0b da rolowfb for normAt condldithWsa ie.

'X Axgwo IWSatOt.6)L(21 kAX,9o 6, i7) w13.91ki
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3.4,3.3.3 .'s andoelds -Shield Door

This section demonstrtes the ideq.acy of the,shield doors, door rails, ar4 welds in accordance
with ANSI -N14.6, which requires safety factors of 6 and 10 on material yield ;rength kn4
ultimate strength, respectively.

The shield- dboi htls support- the weight of a. wet, fully loaded canWsWr and tg weight of the
shielding doors themselves. The.shield doors- are 9.5-inch thick plates resting on top of the

-bottom sectionof the door rails. The door ails are 9.88 inches deep by 6.5.inchestick and.are
welded to the bottom plate of the tr.nsfer cask. Both the doors and the rails are codstiucted of A-
350, Grade LF2 carbon steel. The design.laad for the rails (considering 10% dynamic.factor) is.
-conservatively assumedto be:

W = 150,000 x.l.I - 165,00.0 lbs.

I -is eir.•.ktion shows that the shiieI doors, door rail structures, and welds are adequate to
support a wet, fully loaded canister.

ftragine Conditicifs

oBased-ot; the thermal analysis as presented. in Chapter 4, the maximum calculahcd temperkpure
for the transfer cask doora-is 2570F. The material dllowables are conservatively'taken at 3000 F.

The material properties for.the ASTM A-350, dra.de LF2, carbon stee-!are taken from the ASME
Code, Division L4PartD, Tables U(S,) cnd.Y.- (Sy).

Yield StrenjAh (SY) a 31.9 ksl at 300W F (ASTM A-350)

Ultimate Stren'th (SN) 70.0 ksr-it 300TF (ASTM.A-350)

St-ess Fvjatation for ]1.k1I

The shear stress in e;ch door rail bottom plate due to the applied load of W Is:

W a 0.64 ks!
2xAs 2 x 129.95

3A4-35
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2 2.5. In.
~.-II-whert,

A L tr2w arm

-- LxtI - 129.95 1n?, Lý -a -sh 4

L - railolet thsupporting doors - 2 x (45.38-17.3R 4/2).- 5.1.98 incb,

t - b rn plate thickness =2.5 inch.

The'bedingfstxcss in each rail bottom section due to the applied load of W is:

M= 90," , 1.69 ksi,'I' '- T 5g 4.1 5

M - momeht at the bottom section,

2 2S -• . e 2 x MI.,

-'90.S In-kips,

U"

rraafer Cask
Bottom Shield
Door

Bottom Shield
DoorRall

3.4-36
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0 2-M.1
- -+ 0.19 - M1 inch applied load moment mm.2.

S bxd7 51.98x2.5'
S' 6

w54.15 inr.

Per ANSI N14.6, Section 4.2.1, shear stress or maximum tensile stress are-to be compared with
material yield and ultimate strength. The msulting factors.ofsfety are:

31.9
(For yield st"noth criteria)

7 .=-- u,41.7> 10
!.68 (For ultimnate srengthcriteda),

Streqm Fvsuhmtnm nr theW Telhdl'DewrYl• • V•lllV&m Zyl • •ltfV• •VVmV

e sWeld doors consist of two 9.5-inch thick plates that rest ow top of the rals. Strcsses can be
approximated by modeling the shield door-as a simply supported beam with a concentrated load
at the center.

P"W/2u-$kps

L L75.41n. .I-
I. T I

Taseer stress In ea.h shield door is: -tEl-lIP
~

W 165
2 xAs 2 x(27A9x 9.5)

(Shiekl Door Ctos Section)
U 0.31 knl

3A-s37
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od the bending stress in each shield dbor is

M 1549.35o%..S -421 3.68 ki,

14bae,

M. moment at the bottom section,

PxL -- 82.55.12 F 1549.35 in-kips,
4 4

S, -.section modulus

b bxd' 27.99x9.5 c
6 6

The factorx.of safety amr

y 8.7 > 6 (For yield strength criteria)

, .•- 19.0> 10 (For ultimate strcpg critcria)

3.68

DZ rRal• Weld Evtiuatfon

Thc all welds were avtalated by determirnng the reativc forcs, F, m F., expedenced by the
outer wd Inner welds due to applied load. Vt.

Fs mPX 1651 .t L,4.In. 6 ,M1.ll -
L 2 4.5 t4P*1fW I

-20.17 kips
F, Ft

3.4,38
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165F, - -ý 20.17 - 102.67.kip,

Maximu; stressb at.the govc' weld (sien 0.75 inch) are

r02.67
3S6.5 x 0.7S

The fctor of safety are

3019
- 13.3>6 (For.yields 3twgtb crit

i -=9,P>=I0'.(2'orultimte. strengthc

III MM I

January 1999
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nb 'a)

:ritera)

'.0
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Figure 3.4.3.3-1 Finite Element Model for Tiranfer Cask Tnm."on and Shells
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The RAC-MPC system Is evaluated w•ng Individual finite element mQnls for the fuel baket,
caniste, Wnd veical concr=et cask. Since the individual components am fite go expand without
Interference; the simitural un it clenmtt models need not be onected.ol

3.4.4)1 C181ga and ukg Am)XWa

3.4..1) rlsnw1 ThI1 Strus Ana1vls

A Ohm.edimensional Finite element model of the ciis3tr was constructed using ANSYS
SOLID45 tlemt-nts, By Waking a•vmbate of k symmetry of the eui'ist, the model represents
oneu-r (I10' section) of 1c canlstr. Including *he caister shell, bottom plate, stnjwral lid,
and shield lid. The model u gap/Ispring- elements to simulat conturt between adijsacnt
components. V'ecifically. contact between the stnrctursl md shield lids was modeled uWlng
COMBIN40 comWn4tion elements in the Wxial (ElY) dcaree of fivedom. S1multlIon of the

W~king ring Is accomplished using 4 ring of COMBIN40 g'spfit clement.s comncting the
shieM lid ad the anistcr in the xil direcdon at the lid lower outside radiu In addition.
CONTACS2 elements •.er used to n•del the Interxtion between k srituel lid ad the
tanlster shell and betwcen t shIl lid Endadm ist# sWll. Just below tO rspective lid wIld
joints. The size of tbe CONTAC•1 gaps wa detlermined from nominal dimensions of contating
componts. The COMBIN40 elements used betweca th-, stvtul and sbieldflids, nd for the
baekin ring wm a3signed small gap sliu of XE,8 Inchcs All ppspring elcments were
asigned a stllTsnes of I4I8.1bs./iin The thm.dim nicional ANSYS m.odl of the anisite u.d in
IMh t•rmal sts cvluation Is shown in Figure 344..1.1 Skough Fig=e 3.4 4 1.3

Th ANSYS thtnmal sitns mnlysii w pcrorcil wh eanistet tcmp We.s ftumn'elopcd khe
cmae.tr tcmpcowre grdicuts for Apmm storage (1007F and ,O'F #Mbleat I9e•np ucr 3) nd
tumfi €onditior. Pilot to Wformml dthe eml stresm niyisl. Oka zte•d)-=.S •tcnperawe
disibuiiott w's deter mine sn tempertwe trf~mamti~n f, om th stora.g.•.mi ir"nife $himal
analre (Chart.r 4! This wa inml,~ conve. n'¢ing the St)LID4S stncwril ¢lermen of

ft canite model to. SOLID7fO theImtl chins a ArA tri. t" memnl propicA,€ from the
themal azlyses. Modid ttiurailumv, %=r spplWd st six. key lboerin te. (ie. 11-.aciner the

wturtwal lid, w~.uwr diamcete pf the stmutwra lIW. bam-twncntc of the sbiehld lid. bommn.
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cnttr of the bottom ple, bottom.-outer dicheter of the bottom plate, and mid.clevation of the.
canist shell). The tempetai• of the key locations used in the analysis Werce s follows: 0

Top cater df the structua lid
Top outer damneter of the sftuctmal lid
Bottom ceater of t shield lid
Botorm cener of The bottom plaic
Bottom u4 dhuneterofthe bottom plate
Mid-eleyutlon of the canist& shell

W 1404F
- 1001F
- 165OF

- 250F
S 1307F

- 500F

The .mpentures for all nodes in the canister model were obtainmd by the solution of the steady
sta thermal conduction problem.

These temperztures were selct*d,o envelope the temperture dl~trcnces exlcpenced by t
cAnister for stomrage and transfer condions as culated In the O a analysis preseted In
C.hapr 4. The -followIng table shows the temperature differences (AT) of the-canlster in-the

dial a#M a idl direetions for the- storage and tr•fer coditions nd those used In'the canister
thermW stIIs z4lsiS:

Mainrum AT (OF)
Tondition Top of Strctural Wo•tlom Pl•te Canister Shell

Lid (Rtsdial) (RA4ial) (Axial)
--oratc, tNorml 75F 17 113 .223
amfbient
Storglg, offl tml- 17 115- 225
100'F ambitnt

-o e --S .. 104

far.4 ambktfIiK

'rMskr, 751F 21bin 3K1

StresiArilyils-

34-I4
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Additionally, canister temperatures used for determining allowablv re~ ss values were selected-to
anvelope die maximum temperatures txperienced by the canister dt-ing storag $u4 trnsfer
conditions. Specifically, allowable stre.ss wete Selected at tmnp•m_ tures Qf2504F, SS1DF, and
250F fo'r the stntural/shleid lid region, the canister shell, Ad the bottom plate region,
respectively.

After solving for the canister temperaLunr distribution, t1. thermal stress analysis was then
perfdrmed by conveiting the SOLID70 elements back to SOLID45 strzctural.-lements, A single
node at the centerline of the bottom plate is reswancd.in Me axial direction (JY) to eliminate
rigid body translation in the Y-direction, The nodes along the.centerlio of the stauctunr itd
shield lids and the bottom plate were rest•ined in the x-direction (E"WO toprevent rigid Wily
motion in die x-direction. Thk nodes on the symmetry boundary race wem restrained in the
direction nornalto tht symmetry plane (UZ). A linear solution was performed ia obtain th.
stresses due to themal expansion.

The resulting maximum.(onda•y) thermal stresses In the canister me summarized in Table
3A.4.1-1. The sectional strcsss at 15 aal locations were obts,1ed for ecuh pgu!ar division of
the m•.del (a IoWal of 21 angular iocstions for each axial location).,' The locations for •t stess
sections arc shown inr-Figure 3.4.4.1-4.

3A.4.1.2 CalistcrD eMAd cight 1.2W AnalAIsI

Thc canister %m stucturally aalyzed for dead weight load usiog the ANSYS model described
In Section 3.44.1.1. The canister temperatur distribution discusi'd In Section 3.4.4.1.1 was
used In ft dead lokd structural gnAlysls to evolvat the material allowable- stress at
tperature. The fuel and fucr bNAlt asseubly ontalncdwIthln thb canister wrcc not zxlicitly
modeled but wen inluded in the arnlysis by applying t ,ltform pmssur. lW4 mcprnnting their
combind4 ieight to tho top surfac of te c¢anistcr bottom plat. iU nodes on the bottom
sudke of the boronm pl14t wcre mestriincd In the axial dirction In conlungtion with se
c 'nstmInts de.ifid in Section 3.4.4.1.1. An accclcrat;' of IS was appliedc.o tho mo.dl in the
axial X dit•.tjo I)n ta simulate tho dad jowl

S
1 44%
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The resulng maximum canister dead load sorcsses are suwnAdzed in Tables .4.4.I-2 and
3.4.4.1-3 for primary m•-mbrane and primary membrane plus beading ftsses, respectively. The
sectional stresses okt 15axia locations were obtained for each angular division of the mo4,l (a
total of 21 angular lodations for each axial location). The locations for the stress sections arm
shown in Figure 3.4.4.1-4.

The lid support ring Is evaluaidd for the dead load condition using classical methods. The lid
support ring Is welded to the inner surface of the cnister shell, under the shield lid, The lid
support ring Is m. of ASTMA-479, Type 304 stainless steel. A temperature of 6007 is
conlvative,- used to determine the material allowable strcs=. The total-weight, W, imposed on
ibe~lid:support ring is conservatively considered to be the weight of l0 structural lid (3,234 lbs.).
the shield lid- (5,389 'lbs.) and the weight of the backing ring (16 lbs.). The stresses on the
support ring arm th- bearing stresses Pnd shear stresses at Its weld to 9hk canister shell.

The bodng stress ok.,,4 Is cal;ulated as follow:

W

where.

W ' 3,234 + 6,3$9 * 16

a-8,639 Mbs.

MAr uaxDxt - 108 in'

D
t

- lid-support ring eraoge dia•etcr
-a radial Ihicknen of supPOn rirS

68.89 lth
S0.5 Inch

j
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TIe yield sftreth (S:,) for A-479, Type 304 S~nlr..u *el is 11,600 Psi @ 600eF. ThU allowable
beving stress Is 1.0 S, per ASME Sectigrlll, Subsection NB.

Mlrgin of Safety- (ISA6oO/90) -1

- + Large

T7U weld'for the lid support ring Is a 3/9 Inch partial penetration groove weld. The total shear
force on the weld Itconsidered to be the weight of the structural and shield lids,.the bking ring,.
and the lid support ring (8,655 lbs.). The shear stress on the weld Is calculatedas follows:

W

S65p

1 06 psi

I

4 where.

D - shield I diameter

4 aweld slze

m 81.32 it?

w 69.03 inch

a 0.375 Inch

The yield strongth (S,) f AA.479, Typ' 304 valnkis steel h-I 8.600 psi c., GOUTF. Ir accordance
with ASMESectioar' ,. Stbsectloi ND, the Siloawatbl- shear siress Is 0.6 x S=.

Masin of Saftly at (0-6 x (25) x 18,60)•t 106.1

a*l~c
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3.4.4.1.3 Carstcr Max3m= Internl Prssr Ar9dvss

The canister was stnutunlly analyzed for a M interal pressure IWa• ruing the
ANSYS model and temperature distribution-and restraints described In Section 3.4.4.1.1. I

~ Internal
pvsure of 11.5 psi is applied a a surface forceto the elements along the Internal surflce of the
cansiter shell, bottom plate, and shield lid.

T-k resulting maximum canister stresses fot maximum internal pressure load are swmmArizedin
Tables 3.4.4.1-4 and 3.4.4.1-5 for primary membrane and primar membrane plus primary
bending streasss, respectively. The sectional stresses at 15 axial locations were obtaned for each
angular -divislon of the model (a total of 21 angular locations for each axial location). The
locations of the stress sections are shown in Figure 3.4.4.1.4.

3.4.4.1.4 Cqnister Hafdling Analysis

The canister wP3 structurally analyzed for hndling loads usinj the ANSYS model and
conditions described- In $Rctlon 3.4.4.1.1. Normal handling of the canister was simulated by 9
restrining the-model at th.c lift points and applying a 1. Ig acceleration load to the model in the
axiaI direction, which Includes A 10% dynafflc load factor. The canister Is lifted at six points;
however, the handling analysis considers only a three-point lifting confipuratlQn. Sincc tfe
mno4l reprtscnts a one-half seillon of the cnlstcr. the three-point lift was simulated by
reslminlng two nodes 12(r apaAIono node at the symmelry plane and a second node 120 from
the first) along the bolt diwacter at the top of the structural -lid In the, axial direction.
Additionally. Si•-., ;ong the centerline of the lids and bottom plate wcre restained In the
radial dirction. and the nodes along the symmetry face wer rt straincd In the direction normal to
the symmetry plane.

The resulting maxlmum strcsxs in the canister for the handling load am tummarizod in TOblWs
3.4.4.1-6 and 3.4.4 1.7 for primary membrane and primary mcmbrane plus primary bending

.Srscs. respcctively. The sectiorl sresses at 15 axial locations wcr obtained for each Angular
divison of th model (a total of 21 1angular locatlons for ach xai lol ation). Tho tocations for
the stress sectiorn oaw shT fit Figurc i.4.4.1-4.

3.4,52
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3.4.4.1.5 Canistir Load Combination

The canister was structurally analyzed for the -combined thermal, dead, maximum -internal
pressure, and handling loads using the ANSYS model. ap4 condition. described in Section

3.4.4.1.1. Loads were. applied' to the model as discussed In Sections 1.4,4. 1.1 through 3.4.4.1.4.
A maximum internal pressure of 11.5 psi -was used in conjunction with a positive axial
acceleration of 1.1g. Two podes 1200 apart (one node at the symmetry plane and a second node
1200 from the first) were restrained along the bolt diameter at the top of the structural lid in the
axial direction. Additionally, the nodes along the centerline of the lids and'bottom plate were
restrained In the radial direction, and the nodes along the symmetry face were restrained in the
direction normal to the symmetry-plane.

The resulting maximum stresses in the canister for combined loads are summarized in Tables
3.4.4.1-8. 3.4.44-9, and 3.4.4.1-10 for primary membrane, primary membrane plus primary
bending, and primary membrane plus primary bending plus secondary stresses, resp-ctivly. The
sectional stresses at 15 axial locations were obtained for each angular division of the model (a
total of 21 angular locations for each aeial location). The locations for the stress sections are

* shown in Figure 3.4.4.1-4. As shown In Tables 3.4.4.1-8 through 3.4A.1-10, the canister
maintains positive margins of safety for th; combined load condition.

3.4.4.1.6 Cinister Fatlcec Evaluwtion

The purpose of this section Is to €valtlate the actects of thernma. and mcchanical cyclic loading
conditions on the canister during storage conditions using the criteria presented in ASME Code.
Section IIL; Subsection ND-3222A for the canister and Subsection NCJ-3222.4 for the fuel b•sket.

During storage conditions. the canister is housed in the vcnical concrete storage cask. The

storage c4sk Is a shielded reinforced concrete overpack designed to hold a canister during longs-
term storage conditions The storage cask is constructed of a thick Inner steel liner surrounded

by 21 Inches uisv'Mfbrctd voncrete. Because the carbon steel Inner liner will be subjected to a
number of ietpcraturc/ir'ss loading. c)vles (I cycle x 365 days x 50 •Oc , 18.25% cyclesi that is
less tn th minimum number G20.UfXW cycles) speciflcd for cvaluation in Table A.K4.1 of the
AISC" Manual of 1twe Construction. no further rotigw-evalvadon of the Inner liner i% requirtJ,

1. 4.53
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Fatigue effecti on thecanistar arm .dressed usizg the criteria preentled in ASME Section 111,
Sub'etoNB-3222.4 and NG-3222.4.

1Ih accordance with- thew subsectins, ftiguc -.analysis need not be performed provided the
conditions of six case arwmet. Thi. six cases "re as follows:

1. Atmospherc to Service Presi .Cycle
2, Nor*a SeMice Pmusure luctuation
3. Temperature Difference - Star Md Shutdown
4. TmpcratureDifferice- NoriaUService
5. Temperature Diffearen - Dissimilr Materials
6. Mechanca LOWdS

Evaluation of these conditions is presented In the following sections.

Condition I - Atmospheric to Service Pressure Cycle

The ASME-codc requires that the speciied-number of times that de pressure will be cycled bim
atmospheric pressure to seice pressure and back to atmospheric presse du norniD service
does not exceed the number of allowable cycles for the mtdafl In the was of the canisutcnd
basket, the cycle from atmospheric to service pressue Ihppens only twice. Since this operation
occurs only-twice during the 50.-year life of te canister (once when th. canister is sealed and
once when It Is opened), atmospheric to service pressure cycle loading ofthc cailster and basket
does rot cquse fatigue failure.

Condition 2 - Norns! Service P.msm Fluclatlon

To prevent fatilue fallure of the canstcr, the specified full range of pressume uctuatlons.dUMing
norml service must not exceed:

P EEX K13pif 3 0 "Sx 3U16.7

3A-44
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Ss - 26.2 ksi the valpe obtained-from the design fatigue curve for service cycles <10',

S, - 16.7 khi, the allowable stress intensity,

P, = 20 psi, the design pressure (bounds max.m.m pressure of 17.93 psi for transfer
conditions).

he maximum pressurc differential fQr the canister occurs between transfer and storage
coikitions. For normal aid transfer conditions the n.axinum-pressure differenti is:

ALP - 11,93- 11.32 - 6.61 psi < 11-.3 psi.

Therefore, the effective-number of cycles is zero.

Condition 3 - Temperature Difference -,Startup and.Shutdown

Thls condition is not lpplicable. It Is only required for pov•,r plant startup and shutdown
processes.

Condition 4 -- Temperature Difference - Normal and Off-Normal Service

Canistr fiyvutioq

The ASMF Code specifies thAt temperature excursions are not significant If the lempcrature
difference between twonadjacent points does not change by mor; than the quantity:

SAAT=- r-S,1'.58

213a

where,

S& a 28,200 psI, the value obtained from the fntigue cinc for service cycles < I 01.

34-5S
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E - .,27 x 10' psi, modulus of elatcity at 300 F, 9
a - 9x 10' in.in.PF.

For surface terp.',,re differences onrsurfac~s pf revolution in the meridional. (axial) direction,

adjacent points are defined a3.points that are less-dihm the distance 2%/Ri, where R is the radius
measured normal; to the Sn acc1.frbm -axi of rotation to the midwl! a.d tis the thickness of

,the part at the point under consideration. For -suiface ttmnpenmtur differences on surfaces of
revolution in the circufperengial. 3irection and on flat parts, such as flanges and flat :heads,
adjacent points are defined-as any two pbj.nts on the same surface.

The greatest cyclic temperature difference will occur between t*e off-nonnal, severe hot
(ambient temperature = 100*F) and the off-normal, severe cold (ambient temperature - -40*F)
conditions as evaluated in the .thermal evaluation, Accident tcenmperature conditions are not
applicable,

At the hot condition, the canister bottom x.late temperature varies from 237°F at its center to
1231 at its extreme radial point, a AT of 1i0F. At the cold-condition, th, canister bottom plate
temperature varies from 78.30F at its center to -24.60F at -its extreme radial point, a 'IT of
102.90F. Therefore, in cycling from 1004F ambient to -40OF atblent conditions, the AT between
adjacent points changes by 11. I.F, which Is less than the 58F AT and is not considered to be,a
siglnificaif excursion. Heat transfer is uniform around the circumference; therefore, no cyclic AT
exists In adjacent points on a circumference of the shell.

At the hot condition.the canister shell temperature.varies from 347.50F at its center to 121.91F at Its
top, a AT of 225.61F. At the cold condition, the canistdr shell temperature varies from I 7.40F at
Its center to -25,64F at Its top, a AT of 2132F. The diftn;e between adjacent points is:

4, = 24• . 9.35 -in..

where,

R w 70.64/2", 0.625/24 35.0 in. the mean rndius of the canister shell,

t a 0.625 iq., hawAlt thickness orfthe canlster shell. 0
3.4-56



I

NAC-MC.SAR January 1999
Docket No. 72-1025 Revision 0C

At .t,-100 'F, the AT between center of wAster and erd of canist - (347.50F - 121.90F).
225.61F. The AT o' adjacent points is (225.90F / 61.25 in.X93S in.) - 34.4917:

At T.•, - -40 *F, the:AT between.center of ciufster and end ofcaniWer - [187.40F - (-25.6%J].-
2131F. The AT of adjacent points'is"(213.0'F 161.25 in.X9:3Sin.) - 32.5F.

Therefore, in cycling from 100F ambient to -46OF amhbient conditions, the AT between adjacent
points changes by 1.9F, which is less ta theF AT and is not considered.to be a significant
excursion.

Basket Lva uaion

In storage, the basket is isolated from the influence of environmental'temperature excursions by
thc canister. Any temperature differences within -the basket structure are bounded by the
evaluation of te temperature differences evaluated for the canister.

Cbndition 5 -- Temperature Difference Between Dissimilar Materials

The canister is constructed of 304L stainless steel and does not contain dissimilar materials. The
basket.ls constructed of soveal materials. However, allmateriAls except the supp•rt disks are
free to expand, thus relieving Any thermalstress concentration. As noted under the Condition 4
discussion, the temperature differences within the basket are bounded by the temperature
differences evaluated'for the canister.

Condition 6 -Mechanceal Loads

Mechanical loads are hot applied to the storage czk and canister during storage conditions.
Therefore, no further evaloation is required.
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3.4.4.1.7 Canister Pressure Test
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(Pa +-PwL5I11.. . x (1.02 ks1) - I.I ks cI I s, -. -M t_
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3.4.4.1.8 Eiix.•asket Sunort Disk E•aluation

Tne.risponse 6df'. fuel Wakit support disks tostorage and handlihg conditions was evaluated"

using an ANSYS finite clement model that represented a one-quirter section of a single support
disk. These IQds consist of dead load, handliihg, and.t.hennal. During storage (dead load) and-
handling, each support disk supports its own weight and is sdpported at .i,--ht.kL&ationsby the tie-
rod spacers (represented as nodal point 'restraints In the model). Sir,.me all of 'the support disks
-experience the same loading conditions during storage fnd'handting, only one support disk was
modeled. The support disk model, shown in Figure 3.4.4.1-5 with bounda/y conditions, was
constructed of ANSYS SHELL63 three-dimensional, six degree-of-freedom. elastic shell
elements.

The structural analysd of the ANSYS support disk model w;re performnd'with~temperatures that
envelope those-experienced'by the support disk during stoRge and handling conr4itions (100 0F
and -40.F ambient temperatures). Prior to performing the structural aa.lyses, the steady-state

* temperature distribitionin the support disk model was dOtormnned using temperaturg information
from -the storage and transfer thermal analyses. This was accomplished by converting the
SHELL63 structural elements to SHELL,7 thermal elements. The m.aimuin support disk
temperature (450MF) was applied to the nodes at-the center slot and the minimum support disk
tImpcrature (I 0OOF) was applied to the nodes around the outer circumferential edge. All other
nodal tempcratqres werc obtained by a steady state condutlon solution.

The structural analyses were performed using the SHELL63 structural elements. Since the
model represents i one quarter section of the supimrt disk, in-plane translations and rotation5
were rcstrained at th• 'two symmetry faces. Two nodes at the locations of the tie-rod spacers
were restrained In the axial direction The dead load stresses were then calculated b) applying a
L.Ig acceleration to the entire model In the axial direction, and the handling stresses were
calculated by applying a lIg acceleration to the entire.madel In the axial direction. Thermal
stresses wre also evaluated in addition to both dead load and handlina load. Thcrcsults of the
support disk structural analyses for dead load,'handling load, And thermal load-are presonied in

9D
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,Tal. -3A4.4,1:- I. A4 qlthw.jn table 3.4A4.1-1 1, the support disk inaintains positive margins of
* ,s*ty-for th.g.cot•itionsanalyzed.

* 3.44.410. V

.he•.onse-oftheiuci-TWY Nts);c/p,•ad bottbm weldments to storage and handlin.conditiotns
* wa yza,.usin.rSANi-Y,,'-/Tte.l ement modds repmmsng one-quarter section of.alop-and a
botto.m wejft. t'Tese loads. consit of the dead weight md handling loads and thermal
e.Mnsion.. .uring stge.:(dca4 load) A.d handling, the topweldment plate supports its own
Weisi~t thee w.tt ofeigh.struccura1-ribs, andthe weight of a circumferentil ring, which 1s
wcid-cdothe p15je. Th,;op-weldment plate.is supported at eight locations by the'tie-rod ,,acers
(rpccntcO4.$.rxdiLposgir;fsraints in:the model). During storage (dead'load) and handling, the
botoat.weldmientlat. supports its own weight plus the weight of 36 fuel tubes-applied as sets of

od .'bmaround ft slot;Ioc.tions. The bottom Weldment-plate is supported at eight locations
by the ti6rod!.spa~ers.4.Wat 12 locations by strpctural ribs (represerited as nodal point restraints
lsi-the tnodel). The tclapnd bottom weldments ateboth constructed of SA240, Type 304 4rainless.
steel. The top and bvttom weldments model, shown in 'Figures 3.4.4.1-6 and 3.4A41-7,
respectivyly, with boupdr conditions, -were constructed of- ANSYS SHELL63 tJrec-
dimensional, six+ degree-of-freedom, elastic shell elements.

The structura.4hlyses of the ANSYS weldment models were performed using the methodology
describ'od in Section 3A.4.48. Temperatures employed for the thermal condpction analysis of
the weldments are shown below:

Weldment. Maxgium Temperature (OF) Minimum Temperature (OF)
(at center) (at circumference)

Top. 400 380
Bottom 150 100

Since the ANSYS finite element, models represent a oncquarter section of each weldment. in-
plane tra.tsltions and rbottions were restrained at the plane of symmetry face. In each ,,I,:dment
model, two nodes at th; locations of the tie-rod spacers were restrained In the axial dircctiow. In
Wdhtloi,. for the bottom weldnent model; two nodes at the location of the suFport p4ds were
estrAncd In the axial ditection. The dead load stresses were then calculated by applying a IS

acceleration to the entire model In the axial diretlon. and the handling stresses were calculatw!
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by applying a LSg acceleratipn totheentietmodel in the axial direction. Thenia stresses were
also evaluated in addition to dead load and hadling load. The results of the weldment stuctufat
nal'yses for dead load, handling load,.0a4 -thermal load wre presented in Table 3.4.4.1-11. To

accopnt for the hottest tempemures experiened by the-weldments during sorage and handling,
the ilowable stresses are tken at, 6581F for the top weidment and 662*F for the bottom
welidment. As shown in Table 3.4.4.1-11, the'weldments mlintain positive margins of safety for
the combined load conditions.

3.4.4.1.10 'Fuel Tube Analysis

The fuel tube provides a sealed cavity to mount BORAL poison plates within the fuel basket
str;tiure but the fuel tube does not provide structural suppoit of thefuel assembly. The fuel tube
design is piesetited in:Figure 3.4.4.1-8. The thickness of the-tube wall:is 0.048 inch. A structural
eviluation of the tube has been performed forthe dead load ancr-handling~load conditions. ThU
thermia sfress is considered to be negligible since the, tube is free to expand In both axial and
.radial directions. The handling.load Is considered to be 10% of the dead load.

During storage. the fuel assemblies are in contact with the bottom weldment, which is supported
S Iby the canister bottom plate. In the vertical-position, the fuel asmbly load is not carded by the

fuel tubes. The fuel tubes are supported by the bottomoweldmcnt. Therefore, evaluation of the
Sfuel tube is performed considering the weight of the fuel tube, with a g-loAg of 1.1 (to account for
both the dead load And.handling.load) caried by the tube cross-sction. From the dimensions of
the tube shown in Figure. 3.4.4.1-8, the cross sectional ar=4 Is:

Area ,'(7.8 + 2 x 0.048? - 7.82
1.507 in

The weight of a fuel tube, Including the BORAL plates, Is 78 pounds. Considering a g-load.Af
1.1, the maximum compressive and bearing siress in the fuel tube Is 57 psi (78 x 1.1 1 1.507).
Limiting the compressive stress level In the tube to the material yield srength ensures the tube
remains In position in storage conditions. The yield srngth of' Type 304 stainless steel is
17,300 psi'at a conservntively high tempemtore of 75OPF.

Margin ofSafety r 17,300/57.1

+ ag
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Figurc.3AA..1-1 C40siter ANSYS-Fiznjte Element Model
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0
Weld Regions of Canistcr ANSYS Finite Element Model at Structural and
Shield Lids
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Figure 3.4.41-3 Bottom Plate of the'Cwtlter ANSYS Finite Element Model 0
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Figure.3.4A4.14 Locations for Section Str'sses in the-CanisterANSYS Finite Element MOMc
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Fig= 3.4A.1-5 Fuel1 BiAtkt Suppout-DiA ANMYS Fintc Eleffent Model

0
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Figu'3.4..1-7 Fuel Basket BottPm Wcldment ANSYS Finite Element Model 9
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Figure 3A.4.1-8 Fuel Tube Conhguraio4
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* Tabl2A• i4 SWWA.. offimIkM CerdSrr.1nwn•J PtcM LW PirhMUy

LO sX sy IZ mY SYZ Mu 1•m•mlty
I .06 3.0 0.. 07 03 90.1 3,92
2 -1. 2 .1.0 06 "0.1 41, 3)02
3 'CI 0~+ 0.. 4f #.I 0I.6
4 03,I 0 0.6 "0.1 40.I s0.I 0.64
s .0.1 03 0.6 '01 '01 "r. 0.1 0.64
6 f 0 03 06 4-0.1 I 01 a '0 044
S " *.01 03 0 *.1 *at01 40.- 033
S"0.1 0.2 0.2 01 .0- l l 0111

01 0.2 01 r r .O. # 031 041
l0.2 I0 0.1 '0.1 .I 'o.1 0.1$

II .l ,0.1 04 '0.1 ,01 fa1 020
12 -01 a1 0.) o0-1 '01 f 01oil
13 07 601 07 .07 .14• #01 460
14 1 "0,f 141 '01 0 01 w. 006
15 ,0! --01 -0a ,:0. *01 4 0.-t 007

Set )I MO IL
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Plyus PdmaY St-ng (P. ÷ ) + Ss (ksi)

NO' E X SY sz MXY SYZ Into1*/af
1 -4,2 0.3 0.6 1.0 0A4' 412 5.29
2 . 0.7 -9.1 .3.4 0.7 (0,1 03 10.102
3 00, 04 0.6 v 0.1 0,1 .01 0."6
4 '.DI 03 0.6 'I0 <0,I 4.0,1 0.65
1 '0.I 03 0.6 -0,1 O' 0.1 CCI 0.65
6 <0 03 "0.6 (o0l '0,. "<'0,4 0ofs
7 " 0ol 0+4 01 "" I r 0.1 (0,1 0.14
I 0.1 0.1 0.2 .0.1 "0.1 < 0.1 oi1
9 401 09 04. -0.1 <0, -0.1 1.03
a0 0., ,07 -0,1 ' 0.1 c0.1 Ct. 0.92

II '03 -04 -0a, 0.1 t0.1 '.0.1 041
',1 03 0.1, 0.1 .01 '".1 'cOI 047
13 103 II I0-C .07 ,.2 ',I0. 940
14 46 , t &. " f 0 01 ' I r0.1 0.44
Is ' 0. 0 0.I 0-1 '01 031

Sit Fi•im 14"4.1.4 ,fr d, ioi lclt sliml @rsij uMj
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Table 3.4.4.1-6 Summy ortMaximum Casttr Dad Load + HmandflWn Loed Primam

Mcmbrnc (P.) Sqtsus (Mi)

Locatin StMI
N' .SX SY SZ SXY SYZ SXZ ffeisthy

I
2
3
4,
S

13

"I
9

I0

14
is

4Q.7 JA 09 .0,7 0.3 0.1
1.6 13 -lI .0.6 0.1 .0-2

'0.I 0.4 '0.1 < 0.1 400.I 404,

C4 0 0.1 CAOc0A - .1 CO: 0.101
< 0.1 0 - 0.1 < 0.I '0.1 W0.1c olt 0.6 < 0,1 <0.1 e'0, <Q.1

'0.1 09 '0.1 e-4.1 0.4 <0.1
i0,I 03 0.2 e0.1 0,1 -C0,I
.0.2 1.2 03 0 011 0,I 4011
-03 0,6 06-- .0.3 011 •.1I
-0.1 0.1 0.2 -0.1 0,1 'r0.1
0.2 ".,l 0.1 -0,3 COl 0.1
V" " 1 0.7 .0.7 -23 0.+1

' '0. 1 '0,1 0.1 , 04 'f0.1" "0.I
"O0 01 ta f011 e0,I 'Coll 40,I

4,11
3 15
0.41
002S
04.7
0.64
0.94
0.90

'.34
1.01
0.90q
1.07
436
0.43
0.05

I I I

Iff Fx ,it ],4.1,, (@e•dimiitim ariocatiom ,o rowIsw jwtois.
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Toble 3,4.4.1-7 Summary of Maximum Canister Dead Load + Han41ing Load Puiday
Membrane Plus Primary Bending (PO, Pb) Sutesm (ksi)

No., SX SY Sz SXY SYZ SXZ Inretnst
1 -4.3 0.3 0.7 '1.0 0.4 0.2 5.50
2 0 0.7 -9.7 .3.0. .0.3 (01 <0.3 10.51
3 4 (0.1 0.5 .w.3 cO.f <0.1 <0.I 043
4 I" <0.1 0.4 -. I1 <0.1 <0.1 0.1 - 0.52
5 <0:1 0.. .0.1 '0.1 c0.I 40.1 0.62
6 < 0.1 0.6 .0.2 011 <0.c,) '0.O 0.74
7 c0.I 1.0 40. ,'0.1 '0.1 40.1, 1.01
I c0.1 I.I 03 0.1 0.1 .'0.I 1.01
9 0.2 1.5 .0.1 40.1 .0.1 .03 .1.73
10 -OA 0. 0.6 -0.5 0.1 0.1 1.70
11 ai 1.2 0.,1 tOl (0.1 .402 t.37
12 0.7 -0.4 1.0. .0.1 -0.1 02 1.56
1 : 10.9 1 9 10.5 .0.7 -*2 ' 0.1 9.91
14 .02 c01 40,2 '0.I 'O.l c0.1 0.11
I5 0.2 40.1 0.2 -0.1 <0.1 0.01 0.81

Sec FIllW, 3.4A.1-4 for d•din, lc a tio'l qftsret s•;1cms,.
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Tabl3.4.4.1-1. 'Sum ary of Mxlrnum Can stc¢;Comblned Load dmaryMcnbrmn,(P,,()
Sts cs (ksl)

'locaf" SX SY SZ SXY .YZ SXZ ima AIIowlA MaUMi of(
1"tuI.liy Smnfl Si ' 1

-I.3 6.1 I-.9 -14 "0.6 02 1.02 16.70 1.0h
-3 3.2 -2.5 -2.1 -12 Q4. -0.3 6.16 16.70 I7Nr3 c 0.1 0.7 0.6 c0.1 cd6.I co.I 0.7 14.0 19.42

4 <0Ai 0.5 0.6 <0.1- 10.I 0.I 0. 14.50 11.0
s 4<0.I 0.I o0.6 40i '0.1 40.1' 4-014 14.50 1626
6 ' 0.1 0.9 0.6 col C0.1 01. 0.94 14450 14.43
7 <0.3 1.2 0.3 <(l" 0. - 0.o1. 3.23 16.70 lM3
f €. 0.3 3.1 OA 0.? 0.1 '0.1 1.06 16.70 14.77
9 .03 1.3 0.4. Q0,I 0.1 0.1 1.67 16.70 OD
10 ' 0.1 0.5 0.1 .0.2 "0.1 0.3 0.16 16.70 1131
I 1 -0.1 0,9 I3 1.0:1 0,1 0.1 0.9t1 I670 1.97
12 0.1 03. 1.1 -03 < 0.1 0.1 1.19 6.'-0 13.09
13 3.4 0.1 1.3 - S -4.5 0.1 9.47 36.70 0.76
14' -0.1 f'0.1 0.) "01 '.0.1 c0).- 0.09 20.00 221..12
I5 '0. 0.1 '0,1 '0.3I 0,1 IC .1 0,14 16.70 121.34

O'Ste Filun.MA.1,4 for Miniton of asto ofsntressc+•tionc,

Alflr stresses for' Iboom plnl rtlitlooas=on io. 1-,5 11) takn it 2504F; nllowaba ammjS for
mlster sAtll rtlon bwutn shleld lid md bottm plait (Io•cowM no, 346) OWA ig 53VF; sllowabk

5?rt'cls s-oru lnictlumshl. l4d rellon (lItW 1-2. 7-12. 14.1S1a5iA ai2501F,
Tht allowable siren for SA240. Typ 304 tuwasz stctl was w4 for I3t no 14 The allowsahllpus
for SA240..Typt 304L stainls srteel was usN4 adc $l1 cIhOt locwtos,

S
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Tablk 3.4.4-9 Suwmazy of Maximum Canister Combirxd LoA Primaryr embrane Plus
Priwt.y Bending (Pi, + Pk) Stresss (Wi)

Ltation SCMs Alowpble. Marn•
No., SX SY SZ SXY a..YZ SXZ lntinalty StrMu Safcty

1 .1.5 0,7 1.3 -2.0 0.4 10.77 25.0 1.33
2 1.4 -11.1 -7.0 -1.5 <0.1 -0.6 20.50 25.05- 0.22
3 <g <0.1 0.9 0.6 el,'# 40.1 <0,1 0.92 21.75 22.64
4 <0.1 0.3 0.7 <0.3 -0C1 0.1 0i,7" 21.75 2653
5 e 40.1 0.9 0.3 40.1 CO.1 0.1 '0.35 21.75 23.72
6, < 0.1 1.0 0.1 <0.1 < 0.1 0.1 1.00 21.'/ 20.35

e,'0.1 1.3 0.3 c0. C 0.I '0.131.33 25.05 11.14
I 0.1 12 0.4 0.1 <0. 40.3 1.17 25.05 20.45
9 -0.4 1.4 0.4 e03 0.1 0.3 1.115 25.03 12.53
10 -0.1 1.7 1.3 -0.5 0.1 0.1 2.06 25.05 13.14
11 -0.4 1.0 0-3 0.1 0.1 0.1 1.45 25.05 16.26
12 0.3 .O0, 1.3 .0.1 .0.1 0.2 1.66 25.05 14.10
13 21.2 3.7 20.5 .3.4 -4.S < 0.1 19.33 2S.05 0,30

14' -015 -0.1 -04 '0.1 C 0.1' '"0.1 0.43 30.00 61.77
15 i .s 0.1 0.3 0* '0 0.1 e OD4 0.67 25.05 36.12

' St FIgur, 34.4,1.4 (ordfM ilon of locautonsE ofsiress srctions..
' Allowable itresm ofr bottom plsate rilon (locataj no. 1.2. 13) lskn It 2507F; ,lio"ablt st¢"sses for

canlstr" &IlI rxgio bkmtwe shield lid1 and botom phto (location no. 3.6) lftkn at MIRF, allowable
stmiu ftst•unctm lsbicld llrit (location no. 2.12, 14-15) Whit at 250¶1.

' kh inow•zbIsress m "r SA240. Typt 304 stanliess aml w.s uRd f"or location no. 14. U&+ allowable Stms
for MA240. Typt.34L splnlas selcl was v4d for all oth.5 kocations.

0
1.4.71
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Table 3.4.4.1-10 Summary of Mximum Canister CombIned Load Primary Membrane Plus

PrHmow Bending Plus Sccondsl (P. + Pb + Q) Sftmsscs (Ws)

No.'

2
3
4-

7

10
11
12
13
14'
is

SX SY SZ SXY
.9.1 0.6 3.6 2.1
'2.1 -22.9 -4.,4 -1.5
'<0.1 0.9 0.6 1!0.1
A0.t 0.7 1.0 <0.1
-0.1 0.7 0.9 <0.1
<0.1 1.0 0.1 C0.1

t 0.3 1.8 .0.6 .0.1
1.2 -2.3 .0.5 -1.2
,2.3 10.1 2:6 0.3
2.1 .12.4 -1.1 .0.8
.5.0 .5.5 ,2.3 0.9
-4.9 1.3 40.1 -0.9
-26.4 0.5 -25.2 -1.4

1.7 3.9 1.4: 41-1
1.7 3,9 1.1 '0.3

lJl
sYz
0.1
0.1

40,1
<0.1

0.I
-0.1.
0.1
-02
0.1
.0.1

.4.0

.0.1

.0,1

I
Sxz

"-0.6
-0.5
,0.1
-0.1

0.I
0.7
-0.1
0.3
0.7
-0.1
-0.3

<:0.3
0.1

,MIS 'AIIQ"tie MargIn of
Intensity Shus Saft

•13.313: 50.10 2.74
25.20 50.10) 0.99
0.90 43.50 47.33
1.41 43.50 38.19
1.01 43.50 42.07
1.02 43.50 41.65
2.43 50.10 19.59
4.22 50.10 10.14
13.14 50.30 2.13
15.32 50.10 2.27
3.34 50.10 14.01
6.99 50.10 6,17

27.74 50.10 0.11
- 221 60.00 26.15

2.21 50.10 21.61

0 Sec Figure 3.4.4.1-4 for definitlon ofk,..a$Irnu Ofstni sotlont.
Allowt6to itre=s for bottom plate Yrgton (l•cttoi no. 1.2. 13) akta at 2501F; allowabk strm for
c..Ister selt r•ollo betwetn shield Ild4 ad bottom plate (lcution na. 3.6) taken at 5501F. allowable
stresm fror stN ai/shleld lid region (loailenno. 7.12, 14,1).tak at 0.'50F.
The sllowable stress for SA240, Tjp4 304 Wless iteel wu used for location no. 14. The allowablk stress
forSA24% Type 304L situini steel Was used feo ill other locations.

34-9
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TableS.4.4.1-I I Summazy of Maximum Stresses for the fuel Basket Weldments and
Support Disks

Coinpomnt,11 LWa 5fý=kinty . AwkrAbcSftu MaSIglor
- CodIdon R Wle (psil) Cdtcrla Value (psi) Sarct'

Dead.A4 P 0" Sm 16.299 -
f+Pm.n + 3.297 "I.m 24.449 6.42

qTopwmt DeadL+ *m•Pb*Q 32,364 3.CSM 43,191 0.5l

DcadOadl m 0 SM 16,299 -
• landllj .....__ _ _ _ _ _

Pm + li. 3.626 1.3Im 24.449 5.74
PEW LW 4 Pm÷Pb+Q 32153 3.osm 41.891 0.50,

Dead Load 0 Sm 16.269 -
P_ M lPb 157 .Is Jil 24,403 27.47

BltoM DVad LoadW + Pm''bQ 44.094 1.1m 41,106 0II
Weidniei Thcmul _ _ _ _ _ __ _ _

1dL•! Parm 0 ra.269
HlaIdling ,

Pg . 94 " IV4 1 m 24.403 24.81
iCSL+ -PmPvlb 44.119 1 Qm 41.106 0TI-

Slaidling.
Thcetil

- . - ~ .%NN -
vow- Lend **0 413.21

________ i I'm U 171 - 9m 70-.60
S -PPIt -DeaLoa- -Im- i0 Q TIJ .427 134,514 2.42
Dish Ilihlint _

MM ~Lo~d + I'M J) 43421

WP L * I'mi ph*" 1A 30%gm 120414
Tandingl*
Thmmln _ _ _ nn n__ _ _ _

1 4-8f)
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3.4.4. Vertical ConcrQ Storage Cask - Concrete Stress Analysis

This-section cviuates the stresses In the storage cask corrate for normal conditions of iorage.
The evarhation for the ;teel pedetal at the bottom of the cas* is.presenjed In'Section. 3,4.401.
The suesses in the concrete due to dead load, live load, and thermal load ar calculated ber6w.
The evaluations for off-normal and accident loading conditiors arm presented in Chapter II.
Summary ofcalcuilated stresses for the load combinations defined in Table 2.2-2 is presented in
Table 3.4.4 2-1. The maximum stress in the.concrete and the maximum force In the reinforcing
bars and the comparison to their allowable-limits are summarized in Table 3.4.42-2, As shown
in Table 3.4.4.2-2, the storagc cask meets the structural requirements ofACI-349-85.

3.4.4.2.1 Dead !,oad

The dead load of tht storage cAsk concrete Is reacted by the lower concrete surface only. The
concrete compression stress due to the sclf-weight of the storage cask is:

a, = -W/A -21.44 psi (compression)

WThere

W = 151,164 lbs. conerctc cask dead weight
D w 129 In. concrete exterior diameter
ID - 86 ir. concrete Intcrior diameter

A a ic (DI - IDI /4 a 7,059.2 10

Stress cvaltation at the basc of the concrete consmratIvely considers the weight of fth empty
concrete cak. rafthr tan the.concretc alone. Tht weight.of the canister is not supported by khe
concret.,

3.4-.2.2 k.=. la

The itorage cask is sublJctc,.td twa mJive Ioods, (If the snow lod and (2) the wcih'ht of tho fully
kladed tcrl-zr-.k resting atop the storic cosk. These 1oQa4i ic conscrOvtcci) a1imcd to be
applicd to the -Pncreto portion oftih sto~rIe cask. No loads. arc A.sswed to be taken by the steci

* litter Tho Ia4Js from the canister nOi its €onter.ti orc tritsfcr-. to tho stel suppr inside tht

-. iql.aI
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storage csk and are not applied'to the concrete. Th stress in ft steel support is evaluAted in
Seton 3.A4"•, Under these conditions, the only stress component is the. vertical compression

The snow Irad. on the storage cask is det& mined in accordance with ANSIASCE 7-93 as

'follows:

The uniformly distribpted snow load on the " of the storage cask, Pr is:

P1  -0.70 C, Ce IP, • 100.8 Ibf/(Section 2.2.4)

The storage ;asLAop ar.:

A". x (D/2• - 12,868 in - 89.361ft

The:maximPm-3now.load, F,, Is-

F,-, PtxA,, - 10.8 (89.36) - 9,007 lbi.

The'snow load is uniformly distributed over the top -suface of the concrctq,

The live loa4 of the transfcr -cask Is 135,473 Ibs,, which is much greater than the weight of the
snow. Consequently, the strcss due to the snow Ioa4 is bounded by the weight of the tranfcr
cask,

W 1351473 lbs.-tmnsrer cosk weight (fully loaded)
D1 128 1n,,concratc extemr diameter
ID -86 In..concrctc Inter,,,r diameter
A n VY(D1aD'Y4

m 7.059,2 in.I

Compresslonstrs at the base of th concrete ls:

3,482
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0, W/A = -19.2 psi (compressive)

3.4;4.2.3 L oad

An axisynmetric finite elerent model consisting of elements for the steel liner
.ad concrete shell was.developed to calculate the thermal stresses in the concrete.(see Fig. 3AA.2-
1). The nodes at the st-e. liner/concrete interfaceare coincdent and are connected analytically by
coupling the degrees of freedom. OVerallHbell height is .160 in.,.the inner radius of the 3.5-in.•thck
carbon iteel liner is 39.5 in,, and the outer concrete-radius is 64.0 in. The model obtains first a
the*mar solution (temperatures) and then-a structural solution (stresses).

The steady-state, two-dimensional heat transfer conduction solutioh uses te surface tetaperature
boundary conditions as calculated by the thermal analysis for'normal conditions as presented" in
Section 4A.4.1I. These temperatures were applied without load factor alofg the steel liner interior
gnd concrete exterior. The coincident nodes-located dlong the steel and concrete interface were
coupled with die temperature degree of freedom.

After the thermal solution, the tbennal model is converted to a structural model. The nodal
temperatures developed from the heat t rsfer analysis become the thermal load boundary
conditions for the structural model.

Anilysis with these boundary conditions provides the magnitude of three stress states a,, a,, ae,
which are denoted radial, vertical, and circumferential &t es, rclpectively (these designations
correspond to the x. y, and z axes. respectively, in the model). Stress magnitudes are calculatea at
various points along fth concrete wall mid-span to determine the critical bounding cross sections.

The radi•al .ress (-) varies through the concrete wall as shown in the following diagram.

.4-83
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CbConrete hkkM .( I)

43"r

-14MU

(T4) '6,14W Pu,@I~ 2- 10.5"

The. .mamm interior stress of -142.2 psi is a bea•ing (compressive) strdss due to thrmnal
expapsion ofthe steel liner.

Applyng the AC134945 load reduction factor, the allowable bearing stress on the concrete iLi

+ 0.70

f6' 44,000psi

,,,, == ý,.f.' v (0.70) (4,000) -a 2,800 psi

The maximum 751F normal operating thermally indqced stresq of -142.2 psi, when factored by the
1.275 blad factor (see Table.2.2-2 In Chapter 2), -represents -a peak potential stess ofN-181.3 psi at
the Inner concrete shell sud'icc. As shown in the diagram above, the roial compressive stress
dccrcr,.s through the wall thickness. This stress is considered to be insignificant.

Vertical membrae and bending stress varies through the concrete wall as shown In .the diagram
below.

3.4-4
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0~
(1)

4;73,

4,
43"

A linear equation desc'bes the strews as a hznction of- waliihickncs.

= 46.98 t- 525A, where t,= r- 43"W-1 r is the radiusfrom the centerline of
the storage cask to tie. external surface bf ft concrete. Substiuting for t:

=46.98r - 2,545354

0.
Integration of vertic&_ tensile itress over the irea in.the piane r- 0 gives t-e tensile 1o•0s wt in
th-vertical drection.

P,e' =Iua, Ai = 11(46-98 r -2,545.54) rdr 40

=- 63.706 Ibf

56 cuter vertical Winforcing bars are- equally spaced at i 60.63 In.,rAus, which Is close to the 60.73
In. rdius tensile load center. The maximum tensile 10o4 applied tothe reinforcing bor is:

F,,, w• F,' / 56 a 15,423 Ibf per veticareinforcing bar.

Using a 1.275 load factor for normal oporating ioA4:

1.275 F,,w4 =l275(-1523) a 19,6641ibt

0
3.4-85
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L

Calculating the allowable load for the reinforcin bar. 0
;rA.MIW -PVjS, -+-yQ.90 (6Q) -547ks

*heme
Sy m Ringfor bar Y ield Stnrngth = 60 ksi

m -0.9 for axa and bendgtnsion loading (sAtn reduction fActr
I A I -Section9.2)

The rinforcing bar tensile load cpality Is:

F,- (d* O.. u) = (54,000) (.44) 23,76OIbs.
wheA4 = #6 reinforcing bar area 0.44 in0

'14calcuate load of 19.664 lbs. isrle than te allowable reinfoicing bar load of 23,760 pounds.
Therefore, the design Is adequate with amargin of safety.equal to:

M.S. - 3 _ =6 + 0.21
19,6W.

The circum•femflta1 membrane and bending stress varies through the concrete vWl. IThe mrax'.um
vrlues occur at 02.6 In. ffom tho co..crete cask lower surface-us shown In the following diagram.

ps
Fs'

44-9"r

5l.9r ~

C0Pcr*e khlclm(t)

.177.7

21t"

9
3.4-86
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.9 A linear eqution describes the stress as a finction of waHlticlCMess

a.s 30 -'57 t - 177.7

Integratibn of circumferentisl stress over the area in pjpW r-y gives the load acting in the

cimfcrfatii• (6) dirction. .Integration of this stre over th concr* wall thickness provides the
distributed loaid per unit height.

Circumferential tensile loads are fotiOd by integrating the stress fWmjbn (using integration linits

for wall thickness of 5.83 to 21 in).

F,' = as dt 0(30.457t-177.7)dt

= (15.23 t2- 177.70I),.sg

= 3;503.5 lbsJm

OuOr hoop reinforcing bas are spaced on 4-In. centers at a 60.03 in. radius. The pmaximum

cirtfercntial tensile Ioad:oeting on an outer hoop reinforcing bar in th'is spacingis:

F*,eýF*w- x4 = 14,014 lbs.

Using 4 1.275 lood factor for nownal operating loads

1.275 Fi w = 1.275(04,014) = 17,868 Ibf

The ca;tulated load of V7,68 ibf Is. less than thc rwlnforcina bar allowable of 23,760 lbr.

Therefore, ft design is adqualt with a margla of safety equal to:

M.S. L3623 7 -1 +70.33

12,868

3.4-7
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Figpe. 3.4.4.2-1 cpnmucru!k xIVynmetric'rhelnh stress model

RaB41n D~

I

I -

I

'15i.921n

Ij
y

0.

3A.488
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Table 3.4.4.2-1 Stres Swmmary'or Concrete Cask Load Combinations

Load:- Stress
Comb' Dirctitn

Sstre (PS)
De-ad Live Wind3 ThUcm Scismic Tonia Flood' Total

Concrete OuGId Sirface "
-1 !4", -30,0 .32.6 - - - - .452

-VeaI -22.5 .24.5 -. - - - " - .0
3 Vailca -22.5 -24.5 .47 ---- 4~

4 Yca -21.4 -19.2 -. .. -40.6

5 yce"caI -21A -19.2 -- --- 42.9 - -- -3.5
7 v .21A .1,2 -10.6 512
a Vwilc -21.4 -19.2' - -. 1. - -52.11

Oncre Ine Surfe:
1 V-OWl -30.0 -326 -- -3 2 .- - .2.2-- , -, ---

2 -mnc- -22.5 -24.5 -669.9 - - - - 716.9
-~rw I - - -- -226.6 -- -- -- -26.6

3 ..-22S .24.5 , -9.9 -69.9 ;72 - - 6.s
c im - - .226.6 - - - -226.6

4 V.ai ^ -23.4 -19.2 -- -660.3 - - - -700.7
Ckuna~mW - - -. -127.5 - - -127.5
c V,.-at. -21.4 -19.9- - -S25A4, -312. - -- -597a2

Ckcmtfcm• - - - .177.7 -. - - -177.7

7 Vnia -21.4 -19.2 - ;525A4 - -7.1- -S73.I
Cd-t-~- .. -177.7 ...- -177.7

A- V .n4' -21 -1.92 - ,25.4 - -7.7 - -573.7
c- -. .- .177.7 - - - -177.7

Load Coinbina:Iecs are dcriqed in Table 2.2;2. et Section 11.2.31 tand 13.2.12 for EvAluations of Droplimpact
CondidonsIfor Load combination No. 6.

Positive am values indica tcnsll sp se m d negative values indicae compsIve stWe=s,
s mt, lts rsuls from Section 1.2..13 (Tomado) am conscrvativcly used with a load factor of 1.275.
4 TnsIle s•ezs (At concmet: outlde UAW,) Am taken by 010 steel rcinforcIng bm and therefore oa not show In IthS

Table. Smtrs Results forT, (&Wad Comb. Q4) v obtained from Wectlon 11.2.10.
Stu= mstu Are obtained 5omSectlon 11.2.I
Sftres rs•ults am obtained From Sction. 12 .123 (Tomado Wind),

'Str results eobtained from Sction 131.2.6.

3.4-89
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Table3,4.4.2-2. Mkxin• r-I Concrete Stress undReinforting Fo•cu

Ca'tuled Allowab1e' Margin of-Safety

Con.cr.te -727 psi psi

Rinfircing Bar-

Normal -ver.i;W 19,664 lbs. 23,760 lbs. +0.21
- hoop 1-7,868 lbs. 23,760 lbs. "033

Accident - vertical 19,380 lbs. 23,760 Ibs. +0.22

- hoop 23,1961l. 23,760 lbs. +0.02

Allowable su=ss for concrete is (O).7X4,000 psi) 0 • psi, where 0.7 is the stength reduction

factor per ACI P9-85, Section 9.3; 4,000 psi is the concrete strength.

Allowable for Reinforcing Bar is determinedjased on No- 6"Reinforcing Bar asaliowu in the

4alculation in this Section.

2 Results are obtained from Section 11.2.10.

3.4.90
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3.4.5,

Severe c9ld environments ake'FayzCd and reported'in Section 1 1.1.4. As shown in that scWtion;
thetemperature of the structures with aOfUR heat-loadwill not fall to levels where brittle f-Acture
would become an issue, Furthqmore, an analysis has bece performcd for. the cask in severe cold
co.ditio hs after 50 years. of storage. The required material toughness is !-2.6 ft-lbs. at -301F. For

conservatism 15 ft-lbs. at .601F is stated'irnrthe fabrication specIfiVption so that-the NAC-MPC

system can be handled, evon during extreme temperatures.

314-91



THIS PAGS INTENTIONALLY LEFT BLANK



NAC-MPC SAR April 1997
Docket No. 72-1025 Revision 0

U

The NAC-MPC system, is designed to 4imit fuel- claddin5 temperatures to levels below those

when zircdoy degr*tion-is expected to lead to fuel clad~falMure. As shown in Chapter 4, A1el

claddin .4uperature limits- have bee• established to be 380*C for 5-year cooled fuel and 340DC

for I 0-year cooled fuel for normal conditions of storage and 570*0 for short term ciff-normal and

accident conditions. As shown in Table. 4.1-3, the calculated maximum fuel cladding

temperatures are well below the-temperature limits for all design conditions of st'rage.

U

9
3.5-1
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ACI-349-SS, Code RWqtcreenti for Nuclear Safety Related Concrete Structures, Avinecan

'Concrete Institute, lArd 198-6.

ANSIr N 14.6-1993, American N~ational Standard for Radioactive Material - Special "lifting

Devices for Shipping Containers Weighing 10,000 Pounds, (4,500 kg) or More, American

Nationa Standards Institut; Inc., 1993.

ARMO, 17-4 PH Stainless Steel, Product Data Bulletin No. S-2Z, Annco Inc., 1988.

ASME Boiler and Pressure Vessej Code, Section II, M•terials, Part D; Properties, 1995.

ASMIE Boilei andPressure Vessel Code, Section ,II, Rules for. Constrilction of Nuclear Power

Plant Components, Division 1, Subsection NB, 1995.

ASME Boiler andfPissure Vessel Code, Section .111, Rules for Cornt•'uction of NuclMr Power

Plant Comp•wients; Division 1, Subsection NO, Article NG-3222A4, 1995.

ASME'Boller ma Pressurc Vessel Code, Section 11), Rules for Construction of Nuclear Power

Plant Components. Division 1, Subscction.NF, 1995.

ASME Boiler and Pressuze Vce~l Code. Section III, Rules for Construction of Nuchvar Power

Plant Components, Division 1. Appendices, 1995.

Fintel, M.. HHrdbook of Conercte -Enginecring, 21 Edition, Van Nosttrud Reinhold Co., Now

York.

Hanford Engincedng.lNvelopment Lqboratory, Nuclear Systems MAterials Handbook, Richland,.

VWA, 1976.

hMachlncry'sHandbook. 23T Edition. 1990.
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O 4.0 THERMAL EVALUATION

4.1 Discussion

This section presents the thermal analysis of the NAC-MPC system for normal conditions of
storage. The significant thermal design feature of the NAC-MPC system is the passive

convective air flow~up alonj the side of the canister. Cool (ambient) air enters at the:bottom of

the storage cask through four inlet vents. Heated air exits through the four outlets at the top of

the storage cask. Radiant heat transfer also occurs from the canister shell to the concrete cask

liner. Consequently, the liner also heats the convective air flow. Conduction does not .play a
substantial role In heat removal from the canister surface. This natural circulation of air inside

the-vertical concrete cask (storage cask), in conjunction with radiation from the canister surface,
maaintains the fuel cladding temperature and all of the storage cask component temperatures

below their design limits,

The thermal evaluation considers normal, off-normal, and accident conditions of storage. Each of
these conditiecs can be described In terms of the environmertal temperature, use of solar insolance,

and the condition of the air inlet and outlet vets, as shown In Table 4.1-1. The design conditions

* for transfer pre defined in Table 4.1-2.

This evaluation applies different component temperaturc limits and different material stres:
limits for long-term (steady-state) conditions. and for short-term (transient) conditions. Normal

storage is considered to be a steady-state condition. Off-normal and accident event3, 03 welt as

the vacuum condition that temporarily occurs during the preparation of the canister whilc it is in
the transfer cask omd.t.m time tho canister Is in the trao're c•A .. . fi h,1LA"Lun aOr
evaluated as translent conditions. The maximum allovable material temperatue for long-term

and for transient conditions arc prosided in Table 4.1.3. The maximum component temperatures

are provided In Table 4.1-4.

The NAC-MPC system is designed-to stor- Yankee class spent fuel with a maximum heat load of

12.5 kW and reconfigured fuel asmemblice with 4 mAxImum heat load e' C' ,2 kWV per
msembly. The temperature cffects on the MAC-MPC storage cask and the cmnistc,, due to. the

reconfigur fuel W sserblies, arc bounded b) the ttmperaturcs produced in the cask by the
design basis fuel Table 4 1-4 summarizes the results of the thermal evaluativn. AA shown in

this table. the calcu:ated tempertures arc hll bclow the alleeable ctnpuntnt tempcraturts for

* normal (long-term) storage conditions and for short-tem events.

4.1-1
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Table 4,1-1 Summary-of Thermal ID4Ign Conditions for Storage

CONDITION ENVIRONMENTAL -SOLAR CONDITION OF

TEMPERATURE INSOLANCE o) STORAGE
(oT) CASICWENTS

Normal 75 Yes All-,ents-opcn

Of-N6rmal 75 Yes Two Inlets

-HalfAir.Inlets Blocked blocked

Off-Normal 100 Yes All vents open

- Severe Heat

Off-Nonnal " -40 No All-vents open

- Sever.; Cold

Accident 125 Yes All vents open-

- Extreme Heat

Accident 75 Yes All vents blocked
- All Air Inlets and Outlets

Blocked 2)

Accident ' 75 No All vents bl6cked

* Cask Burial Under Debris
(2)

m• Solar Insolance per IOCFR71:

Curved Surface: 400 g cal/cm2 (1475 Btu/f1R) for P 12-hour period.

Flat Horizontal Surface: 800 g cal/cm2 (2950 Btuhft2) foe a 12-hour period.

U This condition boands the cas& in which all Inlets are blocked, with All outIcts open.

In the burial under debris condition, the rd, .,outlcts are blocked and, in addition, the debris is

conidered not to permit any heat transfer from the surface of the concrete. This it a highly

conservative 0ssumption.

4,1-2
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Table 4.1-2 Sunmmary of Thennal'Design Conditions for Transfer

'CONDITION•" DURATION (Hotiurs)

Vacuum Drying'- 10

Canister filled with Helium , ,.

( The canister is inside the Transfer Cask, with an ambient temperature of 75F.
P) The canister is filled'f,,,th water for a maximum of g hours Ucfbre the start of the vacuum

drying process. The initial water temperature is considered-to be I UOF.

4.143
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Table O.1-3 Maximumn Allowable Temperature Limits (fF)

MATRIIJLONG-TERM SHORT-TERM REFE9RENCE

Conc_ _ _ _ I Sp)/200(L)j 350 AC1 349

Fuel Cladding PNL-6189
PN.WA835-

kjumizht~rn.Disk _________5a

NSA-FR w____ N____

Lead 600 600 Baumeister

8A693 Type 630 Stainless Steel 650 800 ASME B & PV
._Armco

SA240 Type 304 Stainless Steel 8.0 800 ASME B &PV

SA240 Type 304L Stainless Steel 8oo g00 ASME B & PY

ASTM A588 Carbon Steel 700 7"0 ASME Code Case
N-71.*

-ASTM A36 Carbon Steel 700 700 ASME Code Case
N-71.3

I-

0.

0

I WFu~ffI~U
B and L refer to bulk temperatures and local tempfratures, respectively. The local
temperature allowable applie3 to a restricted rcgion vwhere the bulk temperature allowable

may be exceeded.
| The temperature limits for S-year and 10-)car-cooled fuel arc 380TC ad 3400C, respectively.

The lower value (340"C) Is used.

It
I pw
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9 4.2 Summary of 'errmal Proertie.s of Materials

The thernal properties used-in the themnl anmlyses •e shown in Tables 4.2-1 through 4.2-11.

The derivadon of the effectiveconductivitics is describcd.in Secios4.4.1 3 and 4,4.1.4.

*
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Table 4.2-1 Thennal Properties of Solid'Neutron Shield (NS4-FR)

Propecrty (units) Value

Conductivity (Btu/hr-in-*F)

Density (bi/in2) (borated)

Density (lbwrmin) (nonborated)

0.0311

0.0589

0.0607

Spelific Heat (Btullbm-*F) 0.39

Doita developod by BISCO Products (N'S-4-FR is now supplied by Genden
Engineering Services and Construction Co

~~Aw~wI~~urna;DL9U WcvcI3~w~~j

4.2.2
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Table 4.2-2 The•na!Properties of Stahness Steels

Type 304 and Type 304L

Tempemture (OFY.
Property (widts) 212 392 572 752

Conductivity' (Btumr-In-F)- 0.7800 0.8592 0,9333 1.0042

Density' (Ibm/ire) 0.2888 0.2872 0.2855 0,2839

Specific Heat' (Bltalbm-0F) 0.1207 0.1272 0.1320 0.135

Eniissivit" 036 at 3001F

174PIL Typ 630

Tcmpcrtur (or),
Pto t(Uts) 100 t200 500 700

f. ondtctlvtU, (Wtu/-inF) 0,8417 0.88133 1.0167 1.1000

DenityV (Ibm~ie') 0.284 0.284 0.284 0.284

Sp• jc Ree (B.t• ufm -'F 0.1 t 0-U 0.11 0.1t

•E.mni'ity9 0.5:M 0.58 0.58 0.58

SIf luVj.J~

I £V4W adLV wm.II 1

kk RV.Q?

3f" #Sxtf1Lfi'
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Table 4.2-3 Thermal Properties of Chemictd Ltmd

Tcnperture (M

Pro"y (units) 209 400 1 630

Conductivity' fBtu/hw-in-F) 1.6308 1.-260 1.2095 1.0079

Denity':0(bmr/'m) OAI0 1 0.4.l 0.41 i 0.411

Specific Heat' (Btetbm-*F) 0.03 0.03 0.03 0.03

Emnssivit 0.28 at 750F

I Edwrds.

2 Atmicistcr.

42-4
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Table 4.2-4 TheniW Properties ofType 6061-T6 Aluminum Alloy

Temperature (°F)Y

y (uits 200 300 400 Soo 600

Conductivity' (Btu/hr-in-6F) 8.25 8.38 8.49 8.49 8.49

Emn'ssivity 0.22 0.22 0.22 0.22 0.22 .12

I. ASME Code, Section 11, Part D
•Thc maximum temperature tabulated is- 4001F. Since the conductivity increases as the
temperature increases, using.the value of 8.49 for higher temperatures is conservative

2. Recommender, value for aluminum in SCOPE (Bucholz) Version 1.2 Abbreviated Input Data
Guide.

gkk T iumn beft 700'T Ag~tew*1jý

4.2.5
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Table 4.2-5 Ternmal Properties of Helium

Temperatum (F)

Property (units) 200 400 60o 0oo

Conductivity' (Btu/hr-in-9F). 0.00808 0.00942 0.01075 0.01150

Specific Heat' (Btufibm-*) 1.24 1.24 1.24- 1.24

Density' (Ibren&) 4.83E-6 3.70E-6 3.01E-6 2.57U.6

1 Kreith.

0

0
4.244
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Table 4.2-6 The7al-roperties of Dry Air

Property (unftsY

Condubtivity.' (Btu/h-in-PF)

-Density (Ibm/fl')

Sg~cific Heat' (Btu/bm-*F)

100

0.00129

4.11 E-5

0.240

Tempeiature (OF)
500 500

0.00161 0.00193

3.23E-5 2.38E-5

0.244 0.247

700

"0.00223

1.97E-5

0.253

I Kreith.

9
4.2-7
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Table 4;2-7 Thermal Properties of Concrete

Proprty (units) Temperature Range (e.f
32-400.

Conductivity' (Bt/uf'-in-°F) 0,059

Specific Heat' (Btubm-°F) .0.20

DensiV (bmni?) 140

Ernissivit?" 0.90

(Emissivity " 0.93 for masonry, 0.94 for rough concrete; 0.9 is used).14

1 Fintel (Fig. 6-31, 0.71112=0.059 Btulhr. in.-°F).
2 ASTM-CI50.
3I Krehh.
4 Siegel.
I - " -. _ -- 'T
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0 Table 42-8 Thernal Properties ofASTM A 36, ASTMA 588 Carbon Steel

Teniperiture~t 0F
Proedy (units). 100 200 400 Soo 700

Conductivity' 1.992 2.033 2.017 1.975 1.867
(Btuff.rin-PF)

Density2 (bm/in 3) 0.284 0.284 0.284 0.284 0.284

SpeqiEc Heat' 0o113 0.113 03113 0.113 03113

(Btu/vbm-OF)

EmissivityV 0.80 0.80 0.80 0.80 0.80

1 ASME Code, Section II, Part D, Table TCD.
2 Ross.
3 Kreith.

4 Baumenister.

I MN
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Table 4.2-9 Thenn4 Properties of Zircaloy and Zircaioy-4 Cladding

Temperature:(°F)

Property (units) 392 572 752 932"

Cotuctivityt (Bt/hr-in-PF) 0.69 0.73 0.80 0187

Emissivity, 0.75 0.75 0.75 0.75

' NUREG/CR-0497 (minimum value oferissivity for a cladding sthface).

4.2-10
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Table 4.2-10 Thermal Properties of F-iel (U03 )

Tmpera•tu- (F)
440 570- Property (units) 100 793

ConducUsty' (Btuhin-l.P) 0.29' 0.29: 0;27 0.19

NUREG/CR-0497 (Th,# lower b3urdary uf temperatures tabulated is 500°K (440*F). Since
the eondittivity decreases as the temperature increases, using the-value of 0;29 for the 1007F
entry is conservative.).

4.2-11
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Table 4.2-11 Thermal Propýrties-of BORAL Composite Sheet

Temperatue (OF)R

PMop"rty (units) 100 500

Conductivity' (Btu4hr-in!AF)

Aluminum Clad' 7.805 9.976

Cbre Matrix' 4.136 3.698

Emissivityl'2  0.15 0.15

I AAR Advancq Structures, standard specification for BORAL composite BRJREVO-940107.

2 The emissivity of the aluminum clad of the.BORAL sheet ranges from C.10 to 0.19 based on

the BORAL specification. An averaged value of 0.15 is used.

0 A ee5 0 800.

4.2-12
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4.3 -ification-of Components

There are 'three major components that must be maintained within their safe operating
temperature-ranges: the lead gamma shield and the -solid neutron shield'inthe transfer
cask, andhe.aluminum heat transfer disk.in.the cnitter basket.

The safe operating ranges for the lead gamma shield, solid. neutron shield and aluminum heat
transfer disk are as follows:

Component

Lead gamma shield
•. "solid neutron shield

Aluminum heat transfer disk

Safe Operating Range

-40°F to +6000F

-40°F to +WýF -

.40°F to +'°F (long-term);
-•POý(F (short-term)

The safe-operating range of the lead gamma shield is based on prevenCrg the lead from reaching
its melting point of 6201F (Baumeister).

The maximum operating temperature limit of the f.j', solid neutron shield material to
ensure sufficient neutron shielding capability it •ocWflcd by the [ to be W.F.

The safe operating range of the aluminum heat transfer disk is based on the integrity of the
aluminum .being maintained. The aluminum heat transfer disk is not a structural component to
transfer load within the basket. Based on the MIL-HDBK-SF, aluminum at .M°F retains
component performance. The maximum long-tenn-and .-ft4iiei operating temperatures for the
aluminum heat transfer disk ue taken to be 650*F and 700

~~~ ~for othermaterial amob.

As shown in Tables 4.4.3-. and 4.4.3-2, the maximum temperatures for these materials in the
normal (long-term) conditions of storage Are well belov, the allowable maximum temperatures.
J taAX ~itur for off-normal and accident conditions am xddesW in Chapter I I.

4.3-1
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4.4 ThmaW Evaluation forNornal-Conditipn ofStgra~e

4.4.1 Thermal Models

As. listed below, finite element models are utilized for the thermal evaluation of the NAC-

MPC system for- normal conditions of storage. All models are gene-ated by the ANSYS

program.

1. Two-Dimensional Axisymmetric Air Flow &A Concrete Cask Model
2. Three-Dimensional Canister Model
3. Two-Dimensional Fuel)-dodel

4. Two-Dimensional Fuel Tube Model

5. Three-Dimensional Transfer Cask and CanisterModel

••. Two-Dimensional Reconfigured Fuel Assembly Model

The two-dimensional axisymmetric air flow and concrete cask m9del includes the concrete

stonire-cask, air in the air inlets, annulus an. the -*- outlets, and the canister shell, It is used to
perform computational fluid dynzmic analyses to determine the mass flow rate, velocity and

temperatures of the air flow, as well'as the temperature distrib.,tion of the concrete, concrete cask
steel liner and the canister shell.

The three-dimensioi..J canister model comprises the fuel assemblies, fuel tubes, stainless steel
support disks, aluminum heat transfer disks, the canister shell, lids and bottom plate. The
canister model is employed to evaluate the temperature distribution of the fuel cladding and

components of the canister and basket. The fuel regions and the -fuel tubes with BORAL plates

in the three-dimensional canister model are modeled using effective conductivities.

The effective conductivity of the fuel is determined using the two-dimensioral fAtel model, which

is a detailed two-dimensional thermal model of the fuel asenmbly. The model includes the fuel
pellets, cladding and gas (considered to be helium) occupying the space between &I fuel rods

and-In the gap between the fuel pellets and the DO rod cladding.
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The two-dimensional fuel tube model is used to determine the effective conductivities ofthe tube

wall and-BORAL plate.

The three-dimensional transfer cask and canisterm.odel compriscs the transfer cask, the canister
ad tn e canister internals-i.e., the three-dimensional canister model with the transfer cask

added. I This model is used to perform trarisient onaly~is for the transfer condition when the

canister is in.the vacuum condition during drying.

The two-dimensional reconfigured fuel assembly model comprises the fuel rods, fuel tubes, the

sell casing (the square tube with the same external dimensions ag an intact fuel assembly) and

the'gas (helium) occupying the gap-between fuel rod and tube, the-space between fuel tubes and

the gap-between shell casing and the fuel assenibly, tube. This model is used to determine the

temperature distribution of the rconfigured fuel assembly.

These models are described in Section 4.4.1.-i through 4.4.1F.

4.4.1.1 Two-Dimensional Axisymmetric Air Flow and Concrete Cask Model

The storage cask consists of the fuel canister, concrete, steel liner, air gap between the fuel

canirst shell and steel liner,-and air inlets/outlets through the cohcrete region. The-fuel -canister

with-a design heat load of 12.5 kW will be cooled by (1) natural/free convection of air through

the lower vents, the vertical air annulus, and the upper vents; and (2) radiant heat transfer
between the surfaces of the canister shell and the steel lineW The heat transferred to the liner-will

be rejected by air convection in the annulus and by conduction through the concrete. The heat

flow through the concrete will be dissipated to the surroundings by natural convection and
radiant heat L-ansfer. The temperature in the conccete region is controlled by. radiant heat transfer

between the vertical annulus surfaces (canister shell outer surface and steel liner inner surfaep),

natural convection of air in the annulus, and boundary conditions-applicable to the storage cask

outer surfaces--e.g. natural convection and radiant heat transfer betwccn the outer surfaces and
the environment, including consideration of incident solar energy. These heat transfer mndes are
combined in the air flo% and concrete-cask model. The entire thermal system, including mass,
momentum, and energy, is analyzed using ANSYS FLOTRAN.

4.4-2
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4.4.1.1;1 Finite Element Model for Air.Flow in'Storage _Cak

The storag6 cask has four air inlets at the bottom and four air outlets at the top that extend
through-the concrete. 'Since the configuration is symmetrichl, it can be simj,'zfie4 into a two-
dimensional axisymmetric model, as shown sc,,matica~ly in -Figure 4.4.1.1-1, by using

equivaleit dimensions for the air inlets and outleLt, which are assumed to extend around the
storage cask periphery. This model consists of the foliowing regions. .canister ihell, steel liner,

concrete, air inlet, transitional region, vertical annulus, and air outlet. The canister shell is

included in this model in order to apply the heat flux for. he design.fuel heat. The caniste" model

is d&scribed in Section 4.4.1.2.

The two-dimensional axisymmetric air flow and concrete cask finfite clement model is shown in
Figure 4.4.11 -2. The model has the following features. In the air region, only quadrilateral
elements are used aid the element sizes are nonuniform-with much smaller element-sizes close to
the walls. In other regions to simulate conduction, a mix of quadrilatefia elements and triangular

Selements are used.

In this model, the radiation heit trimsfer across the-vertical air annulus is also included.

4A.I.I.2 Loads and Boundary Conditions

In the normal storage condition, the concrete cask has the following loads and boundary

conditions:

1. Heat flux from the active fuel region.

Since only the canister ;hell is included in this air flow model, an equivalent nonuniform heat
flux from the active fuel region is applied to the inner surface of the canister ,hell. This heat flux
corresponds to 12.5kW, which is the heat generatedby the spent fuel. The distribution of the
heat flux is based on the axial power distribution, as described in Section 5.2.3, for the dtsign-
basis fuel (Figure 4.4. .1-3).

0
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2. Sojar ins•pance to the outer surfaces of the storage cask.

The solar insolanc. tW the storage cask outer surface is considered in the model. The i-cident

solar energy is applied based on24-hour averages a;:shown'below.

Side sufface:

Top surface:

1475Btfu/ ft2 .=61.46Btu / hr -W'
2412rs

,2950Btu / f,2 -= .2t hr ftW
24hrs

3. Natural convection heat transfer-at the outer surfaces of the storage cask.

Natural convection heat transfer at the outer surfaces of the storage cask is evaluated using the

heat transfer correlationt for vertical and horizontal, plates (Kreith, Incropera). This method

assumes a surface temperature and -then estimates Grmshof (Gr) or Rayleigh (Ra) numbers to

aetermine whether c6rrelatior. for a laminar model or for a turbulence modal should be used.

Since Grashof or Rayleigh numbers. are much'higher than the critical values, correlation for a

furbulence model is used as shown in the following.

Side surface (Kreith):

Nu =0.13(Gr.Pr)"3  10'

•11. = Nu .kf I Hvcc

Top surface (Incropem):

Nu 045Ra"'
h,= Nu .klL for Ra > lW

where

k• Average natural convection heat transfer eoefficient

H,, Height of the storage cask
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Gr
k,
L
Nu
Pr

Ra

"Grishof number
Conductivity
Top surface characteristic leng4t, L = area Iperimeter
Average Nusselt number
Prandtl number
Rayleigh humber

All material properties required in the ,above equation, ,e evaluated based on the film
• teiiperatu~ th~is, the average value of-the surface tempera. .,d ambient temperature.

4. Radiation heat transfer at the storage cask outer surfaces.

The radiation heat transfer between the outer surfaces and ambient is evaluated in the model by
calculating an equivalent radiation-heat transfer coeffici•li.

hd ('(V? +12 - +T2).

0
where:

had
F:2
T, and T2

ce and c2

Equivalent radiation heat transfer coefficient
View factor
Surface (T,) and ambient (T2) temperatures (OK)
Surface (ce) and ambient (Cf I) emissivities.
Stefmt-Boltzmann Constant

At the storage cask side surface, an emissivity for concrete surface of el = 0.9 is used and a
calculated view factor-(F1 2).- 0.197 (Chapter 13 of Incropera) is applied. Since the center cask is
surrounded by other casks, its view factor to the ambient is reduced.

At the top, an emissivity of e, - 0.8 for a carbon steel surface is used, and a view factor (F13) * I
is applit4

0
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4.4.1.1.3 Accuay.Check of the-Numerical Simulation

To ensure the accuracy of the numefical simulatioij on the air flow in the storage cask and to

ensure reliable numnerical results, the following checks aný .onffirmations have been performed.

1. Global convergence of the iterationiprocess.for the nonlinear system.

The system controlling a:, flow through the cask andi therefore, the temperature field is nonlineai
and is solhcl :L.cratill). The global iteration process is monitored by checking the variation of

parameters with the global iteratio--e.g., the maximum air temperature, the mass flow' rate, and

the heat carried out of the storage cask b. air cun-ection. The mass flow rate varying with the

:global iteration.is showm in Figure 4.4.1.14. As shown, after 10,000 global "terations, the mass

flow rate is constant, indicating that the global iteration process has converged. A. the converged

state, the ma:ri fo.l, rate at the air inlets agrees with that at the air outlets. All of the results

presented are at the converged state.

2. Finite element mesh adequacy study.

Element size or number of elements ubed in the bimulatiun will affect the accurac) and reliabilit)

of the numerical prediction, even though converged results can be obtained.

Two tests, using different clemeat -i•w, ha, c been performed for the normal cose. Results are
shown in Table 4.4.1.1-1. together %ith the number and size of elements close to the vertical

annulus surfaceb. As bh,,n. rebults for the t%u tebt ca.,es arc in i agremcnnt, with the maximum

being less than ý.I percent 4Rf

S

0
4.4.6



NAC-MPC-SAR October 1998"
Docket No. 72-1025. Revision oB

3. Overall cJtergy balance and mass balance.

This step validates the overall. energy balance and mass balance. The mass balance is.shown in

Figure 4A.1.1-4. At the converged state, the mass flow-rate at the.air inlets matches the mass
flow rate at-the-air outlets, showing that an excellent mass balance has been obtained.

The overall energy 'balance is checked by computing the total heat input (QJ) and total heat

outut (Q). The total heat input includes the total heat from the fuel (Q•) and the-total solar

energy (Q,.) incident on-the storage cask outer-surfaces. The total heat output is the sum of heat
carried out- of the cask by air (Q,,) and by convection and radiation heat loss at the Storage caik

outer surfaces (Q.). During the normal storage cohdition:

SQ= Qw + Q= = 12.5kW + 9.85kW= 22.35kW

QO= Qk + Qw = 12.43kW + 10.25kW = 22.68kW

Q0 /Qi, = 1.015

Therefore, the overall energy balance is demonstrated to be within 1.5 perceit.

4.4-7
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Figmur 4.4.1.1-1. Two.Dimensi6nal Axisymmetric Air Flow, -_d ConcreteCask Model
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.9 Figure 4.4.1.1-2 Two-Dimensional Axisymmetric.Air Flow and Concrete'Cask Finite
Eleet Model -
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figute:4.4.1 1-3 Axial Power Distributiofi for Yankee Class Fuel

Top of Active Fuel
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Figure 4.4.1.1-4 Convergence Process of MassFlow Rate

Masi in: mass flow rate at the air inlrt, kg/s

Mais out: mass flow rate-at the air outlets, kgls
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Table 4.4.1.1-1, Cbrmparison of Numerical Results Using Different Ele-'mnt Sizes

-and Number 6t Elements

Test 'Element Elez. ent Tla.• T)iT.nx Massu . Vxa TI- "Q':

Case Number "Sizem) (Y.) (K) (kgfs) (in/s) (K) (kW)

ESI 12167 0.00184 433.25 345.33 .3582 .7780 332;84 12.84

ES2 15631 [ I 430.61 346.89 .3543 .7673 332.45 12A3.

ES1/ES2 .7784 1.353 1.0061 .9955 1.011- 1.014 L.00121

Where

Tmax&
Tmax,.

Element size

Mass

VxQ

Maximum air temperature

Maximum concrete temperature

Refer to the element adjacent to the wall of the vertical gap

Average mass flow rate of air between air inlet and outlet

Average velocity component in x-direction

Average air temperature at the air outlet

IQ heat carried-out of the cask by air

0
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O 4.4.1.2 T]ec-Dimensional C•nister Model

The threer- i.ensional canister model is shown in Figures 4.4.1.2-1 and 4A.1.2-2. .ANSYS
SOLID70 three-dimensional conduction elements and LINK31. radiation -elements are used to
-construct dhe model. The. model includes the fuel assemblies, fuel tubes, support disks, heat
transf6r-U"&ks, the canister shell, lids, bottom plate and helium. 3ased on symmetry, only half of

the canister is modeled. As shown in Figure 4.4.1.2-1, the interior of ~ite canister contains the
active fuel regiori. No -conduction elements are- defined outside of this region in. the axial

direction; i.e., top and bottom fittings of tie fuel assemblies, fuel tubes enclosing the top and
bottom tittings, the first support disk (counted from -the top end;, and the top and bottom
weldments are not included in the model. Conduction through these components -is
conservatively ignored. The canister shell .temperaturts obtained from the two-dimensional
axisymmetric-air flow and concrete cask model (Section 4.4.1.1) are applied at the canister shell
surarfm in the model As boundary conditions. The top surface of the canister lid and the bottom

surface of the canister bottom.plate in the model-are considered to be adiabatic. In the model, the
fuel assemblies are considered.to be centered in the fuel tubes. The fuel tubes are centered in the
slots of the support disks and heat transfer disks. The basket-is cefitered -in the canister. These
assumptions are conservative, since any contact between components will provide a more
-efficient path to reject the heat.

This model includes the following gaps:

LOCATION QAP SIZE

I. Gap between the support disk and th* canister shell 0.205 inch
2. Gap between the heat transfer disk and the 0.345 inch

canister shell

3. Gap between the exterior surface of the fuel tube 0.079 inch

and the inside surface of the slots in the disks

4. Gap between the BORAL sheet and tube/cladding 0.003 inch

Gas inside the canister Is modeled as helium. - --

4.4-13
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MZ N The structral lid and the shield Rd ar expected to be-in full contact

due to the weight of the itructural lid. The theimal resistance across the contact surface is

considered to be negligible and, therefore,:fio gap is-modeled between the lids.

All material:properties used.in the model, except the effective properties discussed below, are

shown in-Tables 4.2-1 through 4.2-11.

The fuel regiobs (inside tubes) are modeled as homogenous regions with effective conductivities,

determined by the two-dimensiona fuel model as described in gection 4.4.1.3. The center slot of

the basket contains no fuel and is modeled as helium; The fuel tube and the BORAL plat%,

including helium gaps on both sides of the BORAL sheet and~the gap between the stainless steer

cladding and the disks, are modeled as one-element thick with effective conductivi:ies,

established using the-two-dimensional tube model described in Section 4.4.1.4.

In this model, radiation heat transfer is taken-into account in the following- locations:

I. From the top ofthe fuel region to the bottom surface of.the shield lid.

2. From the 1ottom ofthe fuel region to-the top surface of the canister bottom plate.

3. From the exterior surfaces of the fuel tubes (between SS and AL disks) to the inner

surface of e canister shell.

4. Across all four gaps, described. above.

Radiation elements (LINK31) are used to model the radiation effect for the first three locations.
P ..s-uun across gaps is accounted for b) establishing effective conductivities for the gas in the

gap, as shown below E'i.elthe gaps represented in the model are small compared to the surfaces

separated by the gap;.the e* e factor Is taken-tobe unitty.

Radiation heat transfer between two nodes i (hotuer node) and j (colder node) is accounted for b)

the expression:
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cr" the-Stefan-Boltzman constant

= 1.19x 10"Btu/hbr-n 2-° 4

A =.surfs= area
F = the gray body shape facftor for the surfaces

T, = temipitur of the i th node

Tj= temperat'e of the j th node

The total heat transfer can be expressed as the sum of the radiation and the conduction processes.

where q is specified above for the .radiation heat transfer and q,, which is the heat traitsfer by
conduction is expressed as:

KA

qk KA-I(T, -T)

where

T, =temperature of the i th node

Tj =temperature ofthej th node
g = gap distance.(between the two surfaces defined by node i and node j)

K - conductivity of the.g. in the gap

A = am of gap surface

By combining the two expressions (for qc and q,) and factoring out the term A(TI -T/g,

Q, = {[Szxt(T'r + T2XT,+T)j + KJ[A(TI T-IYgJ

* - or

Q, = rdA(T,- TjYg
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• . mr

where

V,= &Z~Fr 1 + T1
2XT+Tj)'+ K

The material.conductivity used in the aitalysis for the. elements comprising the gap includes the

heat transfer by both conduction-and radiation.

.Effective emissivities arc used for all radiation calculations, based on the formulabelow (Krcith).

c.ir= I/(1/cl + 1Ic, -1) where k, and:e2 arm the emissivities of two
par4llel plates

Radiation between the eiterior surfaces of the fuel.tubes and the radiation between the -tainless

steel support disk and the aluminum disk are conservatively ignored in thUs model.

Volumetric'heat.generation (Btu/hr-in') is applied to the active fuel region based on a total heat

load of 12.5 kW, active fuel length of 91 inches and an axial power distribution as shown in

Figure 4.4.1.1-3. 0
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4.4.1.3 Two-Dimensional Fuel Model

The effcctive.conductivitv -I' the fuel is determined by a two-diensional finite element model

of thc fuel astwibly. The model includes the fuel pellets, cladding, gas between fuel rods and

gas (considered to be helium) occupying ,e gap between the fuel pellets and cladding. The.

configuration of the design basis fuel (CE Type A) is used in the model. Note that the fuel

cladding material for this fuel is zircaloy, which is less conductive than stainless steel.

Thcrefore, the- fuel model bounds the fuel with *ircaloy cladding, as well as the fuel with

stainless Ateel cladding. Modes of heat transfer modeled include conduction and radiation
between individual fuel rods -for the steady-state co4dtion. The model is shown in Figure

44.1.3-1.

ANSYS PLANE55 conduction ele.ments and LINKI 1 radiation elements are used in the model,
which ýxcludcs a total of 240 fuel rods. Each fuel rod consists of the pellet, zircaloy cladding.

and a gap between the pellet and clad4sog. The gas in the gap between t*e pellet and cladding, as

well as the gas between fuel rods, is considered to be helium. Radiation elements ore dcfined

* between fuel rods and from the fuel rods to the W-undary of the model (inside surfaice of the fuel

tube). Radiation effects at the gap between the pellets and the clacdini arc conscriarvely

ignored. Effective emisslvities are determined using the formula shown in Section 44.1.2.

The effective conductivity for the fuel is detrmined using the equation (SANDIA) to determine
the maximum temperatuic of a squart cross-sectic.1 of an isotropic homogenego3 fuel wath o

uniform volumetxie heat Ceneration. At the boundary of the squam cropsesction, the tcmperaturt

is constrained to be uniform. The expre.ssion for the maximum tei s.awn is given by.

T, a T,,* 0.29468 ( Q a!/ I ,'

where T. - the temsprattumatt c €cnterofth fuel (OF}

T,t -c temperatu app led to the cxieflor of the fuel ({7)
-Q q volumetric r n•F•~igf nrateori't Ifn•lWnhI')

a 1wh length o•,€ squm ZrT0ss.sctnon of the fuel (inch

I• "COtive C',rma1 condutivity for the wiropic homogeneous fWul
MraerW i Otu'4t.,4Fj0

S44-'•
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Volursetric'ht.t generation (Btulhr-0) based or the design heat load of 12.5W is-applied to

the pel~le. The effective conductivity is detennined based 6on the beat gemted and the

temperatum-difternce from the centcr of the model to the tdge of the model. TMh temperature-
dependent iffective propedics, as shown below, are esablhed' using diff=rent bowmdary

temperatrs. The effective conductivity in the axial dirction of the fuel-assembly is calculated

based o~n the matrial area ratio.

Conductivity (tBr-in-')

Ism~m~ T kLZ

128
322
518
714
911

0.0167
0.0204
0.0262
0.0330
0.0405

0.0167
0.0204
0.0262
0.0330
0.0405

0.163
0.152
0.141
0.138
0.140

Note:
1.
2.

x and y axes are in'plane of the model, z is in the canister axial dirction.

Thc teInmp'iture associated with each row is the avcraige temperature ofthe fiel

assevibly.
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0 Figure 4.4.).3-1 Two-Dimensional Fuel Model
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-4.41A Two-DimensiorW Fuel Tube Mod!l

The purpose of the two-dimensional fuel tube.model is to determine the effective conductivity of

the fuel tube and BORAL plate, which is used in the three-dimensional canister model. As

shown in Figure 4.4.1.4-1, this model includes the fuel -tube, the BORAL plate (including the

-core matrix sandwiched by aluminum claddings), helium gaps on both sides -of the BORAL

plate, and thchelium gap between the stainless steel cladding on the outside of the BORAL plate

and thesupport disk or heat transfer disk.

ANSYS PLA}4E55 conduction elements and LINUI3 ardiation elements are used to construct

the model. The model consists of eight iayers of conduction elements and six radiation elements

that are defined at the helium gaps (two-for each.gap). The thickness of the model (x-direction)

is the distance measured from the inside face of the fuel tube to the inside face of the slot in the

support disk (assuming the fuel tybe is centered in the hole in the disk). The tolerance of the

BORAL plate thickness,.0.003 inch, is used as the gap size for both sides of the BORAL plate.

The height of the model is dtfined as equal to the width of the model.

Heat flux is applied at the left side of the model (fuel tube), and the temperature at the r.ght

boundary of the model is constrained. The heat flux is determined based on the design heat load
of 12 ! kW'. The maximum temperature of the model (at the left boundary) ;md the temperature

difference (AT) across the model = calculated by ANSYS. The effective conductivity Is

determined using the following formul:

q w k(A/L)AT

or

k. q LI(AAI)

whCse

q heat rate (Btuthr)

A - Orealn)
L length ofmo&l (In)
&T a tPeraturedrcnce across th model (OF)

k n eftiv condctivity (lBtuf.ln.F)
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The temperture-dependent conductivity (k)is detemined by varying the temperature constraints
at one bounda-y of the model and resolving for the heat rate (q) and temperature difference. The

cffcctive conductivity for the parallel path (the Y direction in Figure 4.4.1.4-1) is calkulated by

T

where

Kj = thenral conductivity of each layer (fuel tube, helium iulminum-lad)

= thickne of each layer

T •' u ,tal 'iickness of fuel tubc, gaps (in Figure 4.4.1.4-1)
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Figt4.4.1.4-1 Two-Dimensio.al Fuel Tube Model
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4.4.1.5 Three-Dimensional Transfer Cask and Canister-Model

The three-dimensional transfer cask and canister-model comprises the transfer cask, the canister

and the canister internals. This model is 'ou 5i/• . !he thrce-dimensional canister model

(Section 4.4.1.2) with the transfer cask addted. r"A ' -

at the-top of the transfer cask are not included in the model. This is conservative, since it reduces

the surface area for radiation and convection. The model is used to calculate the iifnt

temperature distribution for the fuel cladding and the components of the transfer cask, canister

and basket for the transfer condition wvhcn the canister ist back-filled with helium. The model is

shown in Figure 4.4.1.5-1. ANSYS SOLID70 elements and LINK31 elements are used to

ei. fl'd -nodl. Convection and radiation heat transfer are considered at the surfaces of the

transfer.cask and~on the top of the canister lid. The bottom of the transfer cask is conservatively

considered to be adiabatic. Vr ambient temperature of 75°F is assumed and no solar insolance is

considered, since the transfe operation occurs inside a buiding. The canister is considered to-be

,centered in the cavity of the transfer cask. In addition to the gaps inside the canister as described

in Section 4.4.1.2, the following two gaps arc considered in-the model:

LOCATION GAP SIZE

1. Gap between transfer cask inner shell and lead 0.063 inch

2. Gap between the canister outer surface and the

transfer cask inner shell 0.43 inch

These two gaps are considered to be filled ,ith air. The 0.063-inch ap pize between the transfer

cask inner shell and the lead is usd based on the dimensioun tolencr . of the tramnfer cask

design The gap size of 0 43 inch is based on the nominal dimensions of canistcr shell and the

trasfer cask Radiation heat transfer across the gaps 4 consiJered raing the same methoJ

described in Section 4 4.1.2. Radiation at the transfer cask outer surfuce and canisttr lid top

surface is accounted-for by the expression-
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Where
a the Stefan-Boltzin constant

1 1.19 x 10" Btulhr-jn,5-¶,.

= emissivity
- A rxsurfacea

F - the gray body shape factor for the surfaces

T, = mperahtuxre6fthe hotter node

Tj = temperaWre of the colder no4e

Radiationcheat transfer from the surface can be incorporated in the model by modifying the

convection coefficient as shown below:

Q, = q" + q,

where q, is-speiffied-above for the radiation heat'transfer and q, which is the heat transfer by

convection, is expressed as:

q9 =M4(T 1 -TP

where

b, = fihn coclficient (Btuhr-inl)

The q, can be rewritten as:

By combining both exprcsslons:

C41 (ocz(T, + 'TI)C,+T•) +÷ h)ACr,. -

0

or
Q M V(Tj'uT)
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where

I

kc = aEW(T,2 + T)('r,+T,) +

The convection coefficient, h., used for the cask surface now includes the-radiation.heat transfer.

The form factor (F) is taken:to be.unity.

The convection heat transfer coefficient -is detemiined by the. .following expression, which is

est;blished by empirical correlation for vertical plate and cylinders and horizontal plates

(Kreith):

0h, 0015 ATV (Btu/br-inoF)

where AT is the temperaturedifference between the cask surface and ambient.

Volumetric heat generation (Btu/hr-in') is applied to the active -fuel region based on a total heat.

load of 12.5 kW, active fuel length of 91 inches and an axial power distribution, as shown in

Figure 4.4.1.1-3.
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Figure 4.4.1.5-r1 Three-Dimensional Thanster Cask and Canister Model

.1

I'
°.-

p.

Active *uI Region

0

i

The R-.don below
Active Fuel Region

0
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S 4.4.1.A Two-Dimensional Reconfijured Fuel Assembly Model

The two-dimensional.reconfigured fuel assembly model is generated to calculate the teimperature

distribution of the hottest cross-section (1 inch long -in the cask axial direction) of the

Reconfigured Fuel.Assembly (RFA). Because of symmetry, the model considers one-fourth of.a

cross-section of the RUA. The model is shown in Figure 4.4.1.f-]. ANSYS 'PLANE55'

conduction elements and "LINK31" radiation elements are used in the -model. The model

includes a total of 16 fMel rods, 16 fuel tubes, the shell casing (the square tube with the same

external dimensions- as an intact fuel assembly) and-the cover gas (considered to be Helium).

Each fuel rod is located inside a stainless steel fuel tube. The fuel rod, which consists of the

zircaloy clad, the fuel pellet (UO) and a small• gap between the clad and fuel pellet, is modeled

as a solid rod with the termal conductivity of the UO. This is conservative, since the

conductivity of U02 Is less than that of the zircaloy and the main interest of the fuel rod is the

cladding temperature. The gas between the fuel.rod and the fuel tube, the gas between fuel tubes

and the gas outside of the shell casing.are cornidered to be helium.

* As shown in E'gure 4.4.1.6-1, radiation elements are defined between tubes and from tubes to the

inner surface:of the shell casing. Form factor of I is used for the radiation element4. Effective
emissivity is computed using the following formula (Krcith) based on corresponding material

emissivities:

Cf= 1/'(I/e, + I/c -1)

where e, and E2 are the emissivities of two parallel plates.

Radiation between the fuel rod and the fuel tube is conservati~ely ignored. Radiation between

the shell casing and the inner surface of the fuel assembly tube is w¢ounted for by establibhing

effective conductivities for the gas in the gap using the method described in Section 4.4.1.2.

Volumetric heat generation (Btuh-in') based on the desiga heat Ioid of 0.0016 kWpin i,

applied to the fuel iod elements. An active fuel length of 91 inches and a peaking factor Qf 1.15

arc used.

4.4.29
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Heat ieneation rate = Q-/V
= 0.6595 Btuihr-inW

ftere;

Q = heat rate per pin,(unit height)
= (0.0016)(3413) (1.5)/(91)=0.069 Btu/hr

V =volume ofpIn (unit height)
= x0.3652 4 = 0.1046 inch)

Boundaries of the model at planes of symmetry (at X=0 and at Y=f) are considercd to be

adiabatic The temperature at the right and top boundaries (at X=3.9 inch and at Y=3.9 inch) of

the.model is constrained to be uniform based on the maximum temperatures of the fuel 1 tube as

shown below. These temperatures envelope the calculated maximum tube temperatures for the

design basis Yankee Class fuel assembly and are:conservative, since the heatiloact-for the RFA

(0.102 kW) is lessthan one-third of the heat load for the designbasis fuel (0.347kW).

itn Condition
Normal
Off-Normal and Accident
Transfer

Maximumll
TubeW Tmverath (OE)

540

580
715

9
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Figure 4.4.11-1 Two-Dimensional Reconfigured Fuel AMsembly Model

Shell Casing Helium

'I.,-

Shell Casing

'Radiation
Element (Typ.)
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4.4.2 Tut Mode

TheAGNAC.MPC system-is conservatively designed by analysis so that testing is not required.

4.4.3 Maxmum Tem= ratures for-Normal Conditions

Figure 4.4.3-1 shows the temperature distribution of the concrete storage cask and the canister

for the normal, long-term storage condition. The air flow field and air temprtures in the

annulus betwfe the-canister and the storage cask liner for the normal condition of o0".e aRe

shown Figures 4.4.3-2 and 4.4.3-3, respetively. The temperature distribution in the- concrete.

portion of the storage cask is shown in !Vigurc 4A.3-4. The transient bistory of maximum

temperatures of the fuel region .in the canister for the transfer cor-ditions (canister contaning

water for I hours, vacuum for 10 hours " jf 1iI ) is shown in Figure 4.4.3-5.

Table 4-4.3-1 shows the maximum component temperatures for the nonrai condition of storage.

The maximum component temperatures for the transfer coaditions, condition with

helium inside the canister and the transient condition of vacuum I are shown in Tables 4.4.3-2

ald 4.4.3-3, respectively. The maximum component temperatures for the reconfigured fuel

assembly are shown in Table 4.4.3-4. Temperature distributions for the off-normal and accident

conditions are prsnted in Sections 11.1 and 11.2.

As shown in Figure 4.4.3-3, a high-temperature gradient exists near the wall of the- cnister and

at the liner of the concrete storage cask. The air in the center of the annulus exhibits a much

lower temperature gridient, indicating cooler air. The higher temperature at the storage cask

steel liner surface indicates that radiation hezt transfer occurs across the annulus, As shown in

Fiore 4.4.3-4, the -local temperature in the concrete, directly affected by the radiation heat

transfer across the annulus, can reach 165OF (347K), which is less than the 200*F allowable

temperature. The. bulk temperature in the concrete, as determined by averaging the temperature

at the mid-radius of the concrete region, is less tha the allowable value of 1507.

For the transient transfer condition, the maximum temperature of the water is 2F at the end of

20 hours based on an Initial water temperature of I 00F.
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Figure 4.4.3-1 T .=pefte Di'tribution (OF)bor Normal Storage

Canister
Lid

563 (Max.Fuel
Temperature)

Canister
Bottom

I

4.4-33



I

NAC-MPC- SAR
Docket No. 72-102

Odober 1998
Revision OB

Figure 4.4.3-2
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Figme 4.4"3-3 Air Temperature Field in the:Storage Cask. Duri.g the Norma! Stoxage

Condition

MX- 315
A- 79
Bm 93
C- 106
.D- 120
E- 133
F- 147
GW 160
H- N74
I= 187
J= 201
K- 214
L- 229

O4= 241
ON- 255
*0= 268.

*P- 282
*Q- 295
*R- 309

4X- Maxdtum tcmpenzur

*These mepatuares occur over
short dismnes along the c.ter
shell but are not shown du- to the
scale of the figure

0

I

.-~1
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'Figure 4A.3-4 Congrete Temperature Field During the.Normal Storage Condition

MX= 165
*-A= 77
*B= 82
C= 87
D= 92
E= 97
F= 102
G= 107
H= 112
1= 117
J= 122

K= L27
L- 132

M= 137
N= 142
0= 147
P= 152
Q=157,R= 162

R

R

IC

MAX - MaxImun m tipcamu

H
G

F~ ~

*I1iee canmpaaus occur In the lower
edge ofthe concrete above
fth Inlet vent. fley vcenot
shpwn due to dhe scale orthe
figure
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Figure 4.4.2-5 History of Maximum b. Tempemature ."for Transfer Conditions •
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*0Table' 4:3-- Maximum Coinponent TemmcArs for th Normal Condition of Storage

Maxfum.
ITempiDar

Allowable
TeCM amt-ure fm ,

Fuel Cladding-
AlpminurnDisk
Support .Dsk
Canister

563
527

Concrete Liner @g

529
319
165

165. (lcal)
133 (bulk*)

644
U
650
800

700
200 0odal)
150 (bulk)

Concrete

* The average temperature of the-concrete region is used as the bulk-concrete

temperature.

-0

4.4-38



M

NAC-MPC SAR
Docket.No. 72-1025

January 1999
Revision OC

4 Table 4.4.3-2 Ma;imurn Component Temperatures for the Transfer Condition 2

Maximum
Temvrsature t~ic

All6wable
T~elM•ature (OF)

Fuel

Leae
.Neutron Shield
Aluminum Disk
Support Disk

U
AUU
Ue
i
U
Ua

M
600.

go0

I

Cansfer
Transfer Cask Shells 700

I-.

0.
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Table 4.4.3-3 Maxiimum Component Tempera.ttms for the Tranifer Condition *
Maximum,

TeM2mtwfC4
Allowable

I 1Fuel
Lead
Neutron Shield
Aluminum Disk
Support Disk

Transfe" Cask Shells

p
U
U
p
U
U
U

M,
600

800

800
*700

I
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0 Table 4.4.3-4 Maximum Component Temperatures'for the Reconfigred Fuel Assembly

*Fuel cladding allowaLble temperatures:
Normal conditons: 644*F
Off .nonnal, Accident and Transfer conditions: R"F. I
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4.4. Minimum kmpemtmse

'Section 11.1 provides the temperature distribution for the off-normal severe.cold environmental

conditions of -400F. At this extreme condition, the components are above their minimum

mater"al limits.

4.4.5 Maximum lntema Pressure for Normal Conditions

The NAC-MPC canistek is backfilled with helium to atmospheric pressure (0.0.psig) and closed

by welding. Normal condition pressure comprises, the pressure, due to the .heating of the

backfilled helium, plus the pressure due to the postulated failure of 3 percent of the stored fMl

rods with the st'bsequent release of 30 percent of thefission gas and all of the rod charge gas to

.the canister cavity, at temperature, ý .w_ All.of the gases except the fission

gases are assumed to be helium. The total pressure for each volume is found-by calculating-the

molar quantity of each gas and summing those directly. The calculated average temperature of

the helium gas is 4420F based on the thermal analysis results using the three-dimensional

caffister model described in Section 4A..12. The pressure is calculated using the Ideal Gas Law

and applying a conservative average temperature of 450TF. The gas constant, R, is 0.0821 (atm x

liters)m(Mole iK) (Lamarsh). The design basis fuel assembly for the internal pressure calculation

is-the CE Type A assembly. This assembly has the highest rod b"1ill pressure (315 psig) and

received the highest bumup (36,000 MWd/MTU).

The number of moles of the backfill gases is-calculated using the Ideal Gas Law, PV - NRT.

Backfill gas for the canister is assumed to be initiall) at I atmosphere absolute. The quantity of

fission-gas is derived •coj be SAS2H generated-hotoles oftopk'A. & AY•ij"Vy. The

release of fission gas is as assumed for dircct1) loaded fuel. For normal operating conditions, 3

p:rcent-of the- ' rods ae assumed to fail, releasing 30 percent of their total fission gas and all

ofthe'backftrueliurn.

The fuel-rod plenum volume is:

V, 1 in =31 L ,,
r
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(,c= IC x 1.942 inches}- (. ' = 0.1280 inches?
0.288

inch3

The pellet clad gap volume is:

V2 = r, -

V3 = xc x rcc 0 x L

V= (0.311 inches) x 2.458Inches 0.1940 inches

The total fuel rod backfill volume is:

V,•xk,.Z = V, + V2 _' V3

Vpmw.rmn = 0.1280 inches' + 0.2915 inches' + 0.1940 inches' - 0.6135 inches'

For the loaded canister, the total backfill' gas volume is:

V - Total Back- Filil0.6135 inches3 x Rods x 36 Assemblies x (2.54 -m) 3  0
Assembly Cask inch CM

9 83.605 -
Cask
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From tht rod bckfill.yolume and pressure, the quantity of rod backfill gas is calculated using the

,ideal gas law:

Pv
RT

N =
{(3 15apsig +.17 x I x 83.605

s + 147.i Cask

0.0821 -- x 293.K
Mole K -

Moles of Rod fill Gas
Cask

Tbe! is:j'w

1sotope (gAM/mole &MoV
'83 0(99
KR 84 TJ .
KR 85
KR 86 U. . .

1 127 T1! 0.0
1. 1-2 •7.

XE 1.30 - - ,.-I?

XE 132 .285 ___1___ 1

I E136 57.7 $23.
1T-otal I - - [ 0-0 -

JR

Tf=A narximuofj^6 asemblies per cask. erfocini

pI5~I5 S m~s=423atotheflcngf assembly

6 bles- Assebly - CIsk

Th anifte Is 1tckIOM~ to 145 amosphmr with helUm Af MUf W forIizt~~Z
afteMwbCt the Fisqa=.Wiiducd to I atmospher. bnqý Uý tzI-S. C ratz 6
fidlumxw4 i oW if~Vih 160 0Fassuined Jte~~~i
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The xmt= r, o~m operating prcsu.s (MNOP) in the canistet is calculawusijr the ideal
x" law whet:

N - ,,,., + ,..,) + O0.3(0.O3XNrw..)

NiuswTI1 +t-nxJq .0w

•Fal
Cask Caskcas"

AMnMotes

Twdor t"e maxlmum non-, operating condition c=nstcr Internal preF re !r:

ot -trat 
S3.

4.4.6 M. ximd ••m MIr _ krNor-H .1 nbWdIn

TMe mctise mu co=.*et stompg cask Ogrmd~ stmus =~ cinhaWe In Section 3AA4

4.4.7 Ej Wtin C.- a a g ry e ; w '•' Lar CMr m d•Wtio.d. ws o (s t r'awe

A3 sthown In fI p=d•n, ,ti!Qn, the NAC-.NPC sqstcm opcr=e witn the, dmal design
finLs. ¶Ther- . so deg.dation due, to zcm eprcr c$ccts on nvWt.-f1 ot componects is
cxttd ont tc lifct•il offt cask.
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-5.0 SHIELDING EVALUATION

5.1 .Discussion and Results

The regulation governing spmn'. iuel storage, 10 CFR 72, 4oes ne .stablish sjecific cask dose

rate limits. However, 10 CFR 72.104 and 10 CFR 72.106 speci4, thu'-for an array of casks in an

Independent: Spet Fuel Storage Installation (ISFSI), the annual dose to an individual outside the
controlled area.'bouncay must- not exceed 25 mrem to the whol - body, 75 mrem to the thyroid
and 25 mrem.1o any other organ during normalopirations. In the case of a design basis accident,
-the dose to an individual outside the area boundary must not exce ,d 5 rem to the whole body or

any organ. The ISFSI must be at least 100 meters from the owner -.ontrolled area.boundry. In
additipn, the occupational dose limits and r.diation dose limits for "udividual members of the

public in 10 CFR Part 20 (Subparts C and D) must be met. Chapter 10, Section 10.3,
demonstrates NAC-MPC compliance with the requirements of 10 CFR. 72 with regard to annual
and occupational doses at the ownr controlled area bourdary. This chapter prescets the

sWelling evaluations of the NAC-MPC storage system. Dose rate profiles are calculated is a

function of distance from the side, top and bottom of.the NAC-MPC storage 4nd iransfer casks.

Shielded source terms from the NAC.MPC storage c,,k are calculated to establish owner

controlled area boundary dose estimates due•c to the presence of the ISFSI.

__ _ _ 3~E~ le -d* n&P

I

The NAC-MPC storage system is comprismd of a transportable storage canister, a iranblcr cask.
and a v:rtical concrete storage cask. Liccnse drawings for thcse item3 =re provided in S=cton
I 1c tmasfr cask contAining the canister and the basket is loaded under watcr in the 4-pcat
fuel pool Or.-t filled with fuel. the shield lid is pfqc14 on top of the ;dnistex and transfcr csk is
removed from the pool After drtunig about 12 ;nhes ofwae ' from
ft r~vity. te shield lid is welded in place, and thr. ,cnister is drained and dried. Firaly, the

5.1,1
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structural lid 'i welded in place. Th7 transferzcask is then used to transfer the canister to the

storage cask where it is stored dry until transport. Shielding evaluations are performed for the

twrifer cask with both a wet and dry cister cavity as would occur during the welding of the

shield lid and during the welding of the structural 'lid, respectively. Shielding evaluations are

perfoimed for-the storage cask with the cavity dry.

A anister may contain one or more recofigure4 fuel' assemblies. The reconfigured fuel

assembly is designed to confine Yankee Clahs spent fuel rods, or.portions thereof, which have

been classified as failed. Each assembly can accommodate up to a total of 64 fuel-pins, which

is significantly less..tl- other Yankee Class fuel assemblies. A depiction of the assembly is

provided in Figoure 1.2,,-5. Because the source term (neutron and gamma)- is directly

proportional to fuel mass, for a given burnup and enrichment, the reconfigured assembly

source term is bounded by that of a design basis fuel assembly. Consequently, a

shielding analysis is not required for the reconfigured fuel assembly.

The transfer cask has a multiwall radial shield • 0.75 inches of carbon steel, 3.5
inches of lead, 2 inches:of solid borated polymer (NS-4-FR), and 1.25 inches of carbon steel. An

additional 0.62.5 inch of stainless steel shielding is provided, radially, by the canister shell.

Gama shielding is provided primarily by the steel and lead layers, and neutron shieldIng is.

provided primarily by the NS-4.FR. The transfer cask bottom shield design is a solid section of

9.50 inches of carbon steel. The top sLielding [ is provided by the stainless steel canister shield

and strutural lids which are 5 inches ana 3 inches thick, respectively. Is, addition, 5 inches of

carbon steel is used as temporary shielding during welding, draining, drying and helium

operations. ibis temporary-shielding is removed prior to storage.

The I storage cask radial shield design is comprised of a 3.5-inch thick carbon steel inner liner

sutrounded by 21 inches of concrete. Gamma shielding -is provided by both the carbon steel and

concrete, and neutron shielding is proidet' primauil b) the concrete. As in the urafer cak,. an

additional 0.625 inch thickness of stainles• steel radial gamma shielding is provided by the

canister shell. The storage casi top shielding design is compdised of 8 inches of stainless steel

from the canister lids. a shield plug-4ontaining a I inch thicknc,• of NS.4-FR and 4.125 inchc4

ofcarbon steel, And a 1.5 1 Ah thick cae,.rn steel lid. Since the bottom of tle storase ca.k its, on

a concrete pAd. the storage cask bottom szctding is comprised of I inch of stainlem stecl from

the canister bottom plate, 2 inches of carbon eel (pc.estat plate) and I :nch of carbwn steel 4ask

base plate The basc-plate and pedestal bac are sItctural-compnents that pvition the ;4stet

S.1-2
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* above the air inlets. The cask base plate supports the storage cask duripg lifting, and forms the

cooling air inlet channels at the cask bottom.

Shielding evaluations of the NAC-MPC transfer and.storage casks are performed with SCALE

4.3 for the PC (ORNL). In particular, M SCALE shielding analysis sequenac SAS2H (Herman)

is used to -generate source terms for the design basis fiIl,
A --- . SASI (Knight) is used to perform one-dimensional radial

and axial shielding analysis, and a modified version of SAS4 (Tang) is used to perform three-

dimensional shielding analysis.

' d itir riiidE The 27 group neutron, IS group gamma,
coupled cross -;ction library (27N.I8COUPLE) based on ENDFIB-IV is used in all shielding

evaluations. Source terms include. fuel neutron, fuel gamma,. and activatcd hardware gamma.

Dose rate evaluations include the effect of fuel bumup peaking on fuel neutron and gamma

source terms,

Dose rate profiles Pre shown for the storage and transfer casks in Section 5A.3. Maximum

dose rates for the r storage cask under normal and t.cident conditons am shown in Table 5.1-1

for design bosis fuel, . These dose rates ,re oased on three-dimcnsional Monte Carlo and

one-dimensional discrete ordinates calculations. Monte Carlo error (Io) is ipdicated in

parenthesis. In normal conditions %ith dcsiga basis fuel, the stomQc cok ma'imum side dose

rate is 47 3 (0.4%) remn.'hr at the bottom endfitting eleation and 54.0 {1,,'9) mreznhu on the

top lid surface just above the heat transfer annulus. Since the storage cask ia vcrtical during

nonr.al storage operation, the bottom is inacessible. The dose intes at the inlet 1nd outkt vcnt3

=re 99•0 (5 4%) mrcmnhr and 23.8 mrem'hr (5.0%) due to radiation streaming. Under accident

eondif-ons Involving a projectile impiat and a lus:, of 6 inches of concrcte, the surface d&Ke rte

* Increases to 314 mremr with design bWis fuel. There ar= no design basis ac6idlnis that rmsult

In a tip-over of the NAC-MPC storwg cask. "

5.1-3
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Maximum dose rates for thel.* transfer cask with a wet and dry

canister cavity are shown in Table 5.1-1 The maximum dose rates with design-basis fuel ý.nd the

canister cavity wet-during shield lid welding operations are 210.2 (0.8%), (1.1%) an. *
(0.7%) mrem/hr on the si.de, top, and bottom, respect ely. The maximumdose rates with design

basis fuel and the canister cavity dry during'structural lid welding operations are 413.4 (1.5%),

358.9 (U%) abd M (0h) rernhr on the side, top, and bottom; respectively. These values

include the addition of 5 inches of carbon steel ope:ational shielding installed on the shield lid

during its closure and on the structural lid during -handling and closure. In normal operations

du.'ng welding of the canister lids, the bottom of th ,ansfer cask-is-gcnerrlly inaccessible.
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Table 5.1-1 Summaryof NAC-MPC Storage Cask Maximum Dose Rates with Designbasis Fuel
I

Souree

Cask Surface (mremlhi) I Meter Froni Surike (mmnft)
Cask Surface (mremlhr) I Meter From Surface (niremlhr). - - *. 7

Top BOttOflS t Side Bottom'
CotMdtion Side Top Bottom, Side Top bottoms

o.euon 03 4M 32.0 11.4
11m.uit Vm, ma. 47.0 11.5 67.0 4.0 A

Totil 473 (0.40%) 54.0 (fS) 99.0 (5.4%) 0.1 (tX%) 1S.4 (RV*) )a (Wh)

1Postutwed intion 4.0 na Irn a.5 na na

AcidenF gnmm 310.0 na na na na

Total 314.0 na na fno na

Table S.- 1 Summaiy of NAC-MPC Transfer Cask Maximum Dose Rates with Design Basis Fuel

Cask Surface (mrem/hr) I Meter From Surface (mrem/hr)

CbndW:Zon Source Side Top Bottom Side Top bottom

new=utr 0.0 1.2 0.2 0.7 03 0.)
Normal gamna. 210.2 Th 39.8 338.8 19.0

wee Taoal 2102(0.8%) (O: .i (11% (0.7%) 40-1 (0.7%) 389.1 (5.1%) 19.0(2.1%)

Nannal neutron 77.5 116.6 276.2 44.8 13.5 33.4

Dr" gamma 335.9 242.3 2 _ 26.1

Total 413A (1.5%)1 358.9 (2.6%) A_ .(a,) TM (0.6%) 39.6 (4.5%). " ( %)
A

Bottom surface is in3ccessible. Dose rates adjacent to bottom Inlet indicated.
fPI'ecfAe impact, 6 inches loss of concrete.
5 inches afearabon steel tempormy sbieldlng& shield lid In position.

'S inches ofcarbon steel tempormy s.i elding, shield lid and structural lid in position.
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5.2 Source Specification

The'NAC-MPC storage system can safely transfer and store

i•7~~E l _• 'The geometry of the
Type A and Type B fuel assemblies Wfhvg a cruciform control rod to be inserted between

assemblies during ktor operauon. .

A -9 MN~J Pj IP.1'ItIL

Is Yiu~e tome c&*total hea load zj = MKUneaitSM KZW_ý
sddiqSies1'p basis. M~ tizel wth this; bu p 7 n1 1 *5 ___TR-A

CE, U1a md Wesfinghouse Yaz=e Class fuel' ass6W1Wv _ _ _ _ _ _

MWD•M•,, J.m =,mm cool times of. 7.0, 7.1 . -..
in the INA(6 PCt BJcon fýuel ijt36pDO.Mifut•.• • •xxo•. t•.3.,.ooo.. _. __- ________-_--________,_

and 16 years rdr asseinblges contanag Ziicaloy ite-iue
rpectively. for shielding evglution purpses .
fuel. The phy al parameters of the Yankcee Class fl -

The SAS2H code sequence (Herman) is used to generate source terms L." This code sequence is
part of the SCALE 4.3 code package for the PC (ORNL). SAS2M includes an XSDRNPM
(Greene) neutronics model of the fuel assembl) and ORIGEN-S (Heianan) fuel deplction/source
terms calculaijons The 27 energy group ENDF.B4.,V neuirt , cross. section Tlrik,
27GROUPNDIF4, is used in the source terms calculations. Source term:, avr generated fur both
11O0 fuel and fuel assembly hardware. The hardarc actiwation is calculated by light element
transmutation u:sing the incore neutron flux spectrum produced b) the SAS2-I ncutronics model.

The hardware Is assumed to be Type 304 stainless steel with 1.2 g/kg of "Co impurity. The
effects of axial flux spectrum and magnitude ,ariation on hardware acti'.ation arc estimatcd by

flux ratios based on empirical data (Luskic).

An evaluation of the Yankee Class fuel tyl.c! established the Combubtion Engineering (CE)
16 x 16 Type A fuel assembty (Table 5.2-2) at 36.000 MWD.'MTL burnup and 8 years col time
as the Yankee C'lbs design basis fuel assembl) for the shielding maltutionm. A min mum

5.2-1
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fuel enrichment of 3.7 wt % 23"0 is assumed to maximne the fuel neufhon source. Reactor

Operating conditions assumed for the analysis are shown in Table.5.2J1.

The NAC-MPC design basis fuel sou;. terms are shown Table 5.21. Source strengths -age

defned for-five source regions: active fuel, upper end fitting, upper plenum, lower end fitting and

lower plenum. 0 The fuel assembly length, active fuel region length and fuel:assembly hardware

elevations are shown for the design basis-fuel Assemblyin Figure 5.2-2.

5.2.1 Gamma'Source

The desin basis fuel and hardware gamma source spectrasre shown in Table 5.2.5 E2 The fuel

gtima source contains contributions from both fission productls and actinides. The spectra are

presented in the 18 group structure -consistent with the SCALE 4.3 27N-18COUPLE cross

section library. The hardyare gamma spectra contains contributions primarily froin 'Co due to

the activation of Type 304 stainless steel with 1.2 g&kg "Co impurity and with some minor

contributions from "Ni and 'Fe. The magnitude.of this spectra is based on the irradiation of I

kg of stainless stee! in the incore flux spectrum produced by the SAS2H neutronics calculation.

[EI

,t*'.h. C.':cd fuel assembly hardware source terms are found by multiplying the source strength

from I kilogram by the PE f kilograms of steel or inconel material in the plenum, uppr

end fitting bd lower end fitting regions, and by multiplying by ( regional flux ratio. The

regional flux ratio accounts for the effects of both magnitude-and spectrum ,auiation on hardware

activation These ratios are-based on empirical data (Luskic). A fluxratio of 0.2 is applied to

hardware regions directly adjacent to the-active core regf.on, i.e. upper and lower plenum. L.7 A

flux ratio of 0.1 is applied to hardware regions-once removed from the actie core region, i.e.

upper and lower en4 fitting region.

5.2.2 Ne~utron Source

The desigi, basis fuel neutron spectrn is shown in Table 5.2C The neutron so=c results from

actinide spontaneous fission and from (xn) reactions with the oxygen in U01. The isotopes
"CTn and 'Cm characteristically prodvce al4, but a lew percent of the spont.neous fission

neutivos and (a,n) source In light %oter r tor fuel. The next largest contribution is from t'an)

5.2-2
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* reactions from mPu. TUle neutron spectra from spon tancousfisqsion is based on fission spectrum

measurements of 2"U and `Cf. Neutron spectra from (a,n) reactions is based on Po-a-O source

measurements. These spectra arc included in the ORIGEN-S nuclear data libraries of the

SCALE 4.3 code package. The spectra are automatically collapsed from the energy group

structure of the data library into that of the SCALE 27 group neutrorn cross section library

(Herman).

5.2.3 SourceAxial Profile

An enveloping burnup shape for three-dimensional shielding and thermal evaluations is created

bas6d on core depletion calculations-for the Yankee Class fuel. The normalized bumup profile,

averaged over the range frorz 30,000 to 36,000 MWD/MTU, and the corrsponding enveloping

shape, is shown in Figur; 5.2-3. A burnup peak of .1.15 is found to envelope the design basis

fuel axial burnup distribution. The corresponding gamma and neutron source. distribution is

shown in Figure 5.2-4. The gamma source distribution follows Ihe burnup shape directly and has

j. 1.15 peaking factor. Aoweir1, the neutron source distribution peaks to a higher leel.
,a a 4.2 power. dependence of the neutron source on burnup, i.e., neutron source - B4  . This yields

a 1.80 peaking facte-,for neutrons.

5.2-3
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Figure 5.2-I. Yankee CLiss Combustion Engineering Design Basis Fuel Assembly Anray
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Fig FC5.2-2 Yankee Class Combustion Engineering Desigr. Basis Fuel Assembly Source

Regions and Elevations

I
-.

SOURCE REGION
FUEL Active NiO
UPLM Upper Plenum
UEF Upper End Fiting
LPLM Lower Plenum
LEF Lower End Fitting

o
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Figure 52-3, NAC-MPC Design Basis Fuel Burnup Profile K 0
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.9 Figure 5.24 NAC-MPC -Design Basis Neutron and Gamma Source..Axirl Profiles
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Table.S.2-1 Yankee Class Fuel Assembly & " Parameters

CE CE Eno. En.. Enosm En..a Wsatiagbu WeWuIagkm.M U.Ilud~eutk Us1ud.Ki~r
rarsmi~e T. peA' Type 3 T~yPeA Typc 9 Type A Type 8 TypeA ITypes TyptA TypesA.nablymtake "" - -- . -- , . , I

'Auy n_ 164l6 16416 164 16x6 1646l 106 I&l taxis1 1646 160j6
A.M ....... - - - 0 4 1

IMaL MTJ .29 .023402394 023 14 0.2394 0.234 0.219 0.10 .2436 -O4
-~ e 3• • C .. f u t lh" - " : .. .. e-

FooRlod Pitch (cm) 1.199 1.1919 i;M939 1.1989 1."93 1.199 1.0719 10119 I 1937 1 47
Active Fuel Len•n (cm) 231.1400 5134 M 2633. 231.400 5. 233..975 F33-VYIS 531i.14W I TT rr41CQ

-- 4 00(011) 0. 927l 0.927t OW 0.9271- 927 0,636 02rI -0.92M1 Q2-7 -
C__ diD(CM) " 0.52 0.10.52 .|02 TiM 0.00.02 "0.7565 07569 "S0.502 0.105,2
hIMODOm)---53Y .77 -07"17 .170I- 5 03 9. -0'IiT•. 074637 i -a. 07?1 0 517

Di €m) ,, .0.. -6.6-10.- 0 65r 0165 0 6.5163 007-0 6 510 00102 -661O63 O165
Rods " A) 5b0Y 231 23 230 231 - 230 305 305i' MiT' I

_______ Mage U02 U0 U6F U0 U0 UP, U% Uuo
...._ _ _ ,kcAi I ,oy ' •wa, Zitoy 55341 ,5345 SSW atai- r Y

Iaemmt•-" dc°. ,"lu~e ! " - " - ._ _ _ . - -

/ aca•,h&Rod Mew'ial WA W MIAA A MA WA ILA WA zuto- .4 .. __y.4
~ R1 R1 ~ F~" A 4 WA WA 090 21

~NwnAwPa Ambixuly_ WX- WQA 7IXWA N1X WA WA MA IWNA 2Z .
• Golda l.rCaI11.raUoa , , . . ,, - - , ,

GuW.cBid |Idfts ZkJ i oy-4 ZIqtcfiy-4 SS304L SS304L Z t aoy Zlt•uo. NIA WA WA MNI,
-To1-, 1/: 30566 1. 0 .056- W WWA

•ACE DuW - -o,, -- a N. W -WA

0397AKTb9(M) W0 0.9970 039970 0.9970 0.9970 039-70 0.9995 0.9995 0999S 09M9lrmru•On)(c) , 1.1411 DOM. 1'631014 106w ,O4 1.05&4 1.034 -- Toi-$ l053

iI________________ Zitdw -4 I SS304 S304 Uia I 55304I I5S04 W3-04 ! 3 I

5.2-8



NAC4MPC SAR Jarnisry 1999 -
Docket No. 72-1025 Revision OC

O Table:5.2;-2
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Table5.2-5 Yagkee Class Design Basis Fuel Reactor Operating Conditions

Assembly Power, MW" 8..486
Temj~ir re• , OK 797
Tcprature, O. 600
Twpertdarcw OK 551
Density.al, gcc 0.766
Boron, ppm s80
Fuel Burup, MA :U 36,000
Burnup Cycle, days 2 Cycles of

496.22 days
Down Time, days 60, 6

0*

Table 54-I NAC-MPC Design Basis Fuel Source Ter= 9

Decay Heat, kW 12.5
Active Fuel, photons/sec 6.423+16
Active Fuel,-neutrons/sc. 2.415+9"
Upper Endfitting, photoqns/set 8.330+13
Upper Plenum, photonsfsc 2.309+13
J.,ower End fitting, photoiJs/sec 7.876+13
Lower Plenum, photons/sec 5.242+13

Ib

~~6g~ng Y4e -.

PL~tt~nmup.

5.2-10
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S Table 5.2-5 NAC-MPC Design Basis Fuel Gamma Source Spectra M.

- -

'Group
I 3.7701E+04

I-• 1.7759&,-W5 ..
3 9.0547E405
,4 2.2566E+06

5 - 6.2676E+08"
6 5.121113+09

7 1.0789E+1"
,8 9.9933E+10
9 4.8070E+12
10 3,471$1E+13
I 1 6.3503E+13
12 , 8.2333E+14
13. 1.1897E+14

14 1.7831E+13
15 2.8386E+13
16 - 1.0201E+14
17 1.3136E+14
18 4.5899E+14
Total 1,7842E+15

k. MOKUN-6-m- igkyi4jiýý

9
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Table 5.2- NAC-MPC Dwign Basis Fuel Neutron Source Spectra

1 1.2290E+06
2 1.4080E+07
3 1.5760E+07
4 8.7930E+06
5 1.1840E+07
6 1.2870E+07
7 2;5190'+06
9 O.O000E+00
9 O.OOOOE400
10 0.000E+O0
It 0.00O0E+00
12 O.O00E-+O0
13 O.O000E+O0
14 0.00001E00.
15 0.O000E+00
16 0.0000E+00
17 0.0000E+00
18 O.O000E+O0
19 0.0000E'+O0"
20 0.O000E+O0
21 O.OOOOE+00
22 O.OOO0E+0D
23 O.0000E100
24 0,O0OE+-00
25 0.0000E+00
26 0.O000E+00
27, O.MM00E-±-O

TOTAL 6.7090E+07

k.AOj00 11 f am ij -;ýg

5.2-12
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5.3 Medel ifkaring

Poth one-dimenslonal SASI Wd ithre-dimensional SAS4 modcls are used In ftL shielding

evaluations of the HAC-MPC storac system. T"he SASI zradil and axial models arc us-d to

cmtim+tc Oex pe* sad averale dok rams on tht sides, top and bottom of dic storage end transfer
ca'sks. The one-

dimensional models tepr.•ent'hl,& casks as either stmi-Infinite cylinders or slabs. n.e method of

solution us the XSDRLNPM (Orcei discreic ordinates code W the XSDOSE (Iuckholz) flux

at 4 point estimation code Dtmklings are applied to the SASI medels to account for transverse

leakage one-dimensional ma|lysis also serves as a cross check to the more complex d:€-

dimnisonal model results

TMi SAS4 thecdimensornt shieldiq, models are se to estimate the do&e profiles at the

=taecs or the cak and at strmrqnu paths such as ft storage cask inlets oAd outlets, or ak
canister v'ent wd drain p,,m Dc mcThe ,* ,at wlution is adjoict Jiscrete ordinmtes and Montt
Carlo tTongi using thr XN- ND M an&W MOUM codes, :cpecii,,l,. Since S-S4 requirms

madel srtmery at the WIe fai~dl I= o 1%a ma Mcli ,e cm d -for each c•k, , top And a bottom
mOMdl Rail luasms il tcrtormt, t'i C.,4matc d:c rat•s on Il-t sides of "I C.. and 4ian

iO~il H t•ArfIMnd 90 Cn5m0= dolratr ' on AtM top med bottom sttrf'es of 0- 1a=L

MMedUIktion "Z ggir tk? NAS4 14 uMll d.J% Wn Al 4104,g 1110 raiAl tOp And l'441OMT

wuftzl Of thc Ca~k ILI %tll a.-I AD) 4; lzne:,4Al 3;11ttlc vriwnoumiq the MLs Thus. detailtd doift
rtzk profilex aye determincd, ftt txplw~tly Ov piaki Jix to the FA1 bx!!.ip r'ofik., AC6)4Wc
hl% Mfm = Cmi,,n m, d m.rrnmng prd.'

IA 'thilu~ NActi.J' h lkr?~ JUJ atlj twod.tu wu m ad qgim at h 0.WzCi IOI C wthe
IMtl=."dcrim 4 the N-iu 011% NkAuj 100 Ih d c b fitti thtthtnr. of w 4Ac

1= r "A cr. "- ft ",'l t I. lz af-.:mbh, an b4M I i'.c 1 wff'" .

an.c., Mi .. ._J Nukt = --- I

~ N

S'-.4
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Both the SASI wid SAN4 models-utilize ful midplanw.symmetry. Thus, all shiclding modcls arc e

dclo p with mdpet to t& flnl mi.lpa as d o&, This smmety is quired in the

SAS4.-modcs due io the automated biasing tchniiques employed and the dose rate tallies

from the symmetric alvyes am avenged together for computation! efficiency.

5.3.1 Dýritin of .gial m#AAxisI Shtcldin• Confizurations

The NAC-h1PC storge c&* W An intcror cavity with 4a rdius of 39.5 inche (100.33 cm).

Radial shielding consists of a 34-hWia (U89 cm) carbon 3tel shell surounded by 21 inches

(n34 cm) ofconcrete. Oamm shielding •provlded by both the carbon steel wW concrete. and

neutron shielding Js provided primarily by th: concrete. An additional 0.625 inch.(1.59 em) of

stAinle siel Is-prvided by the cinsr shell for ndial gpmr sWielding. C The storae cask

top shkitd•n• h cmises Si,8 ines (20.32 cn.) of =nes stel from the cister lids. F.P inches

aA cm)of cpbon steel from tin shield plug whch tr4 mas I Inch (2.54 cm) of NSS-FP, wnd

finally. 1.5 inches (3.81 Cn) of lrbon st-e.l fim tine stoang. cask lid. The bo•ltor of the Vonrge

". k rests on the Concrete pad LA is i,.Ccw..ible. In the case of tUe storage Cask inlets, some

shiclding is provided by tIe sorage c €k structural compom=, Thcsm m : 2 uinchs (5.08 cm) of

carot steel from tht pe.es F platc, I inch (2.54 cm) of carbon me.l from the cask ba.e plat

Wd I inch (2-54 eM) Of stAinle. st•l from the canistr bottom plate.

TMe NAC-MPC txmfir cask Las an assi~c adius of 35-75 Inchits (90.81 cm) ond has A inuliwAlT
rsal s,,el desig consistun of0 75 in4 (1 '91 cmi-of cuabn ate•, 3:5 inche (8.89 cm)of

iW. 2 kml= (5.08 cm) of a solid bomted polymer t,4-FI), td 12S itches (3.18 cm) of

cabon stmct. Gu= Aueldinjis pro% idc by the 1 AM ked lb)t. ad aeutron shielling is

pros d Aprimzi1y by .he• S4-.FRt AnAditt•o.l 0 R5S inch (1.59 cm) otm.s5 sttl S&%,n=

sh M ilVMJ s i. roi d by ft CAn.S 1 ckll Th4e i• Cas ,,lttQm Sfeld 4C•s;•0 ;0M ,n=

pm!dby U.- 1-inch I 1*17C rm stai~cs xtel sbneld Wt and line 3-ingh (7 62 cm) mnrles

wc~u%;. dtain4l 40*oZ ,4d taniftt qmfAin hs bi empoiq &&dJLnv ,s tmoa ntcdf

5-1
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* computational efficiency and dose rate statistics. on the sides of the cask. Axial biasing is

cmployed to improve Monte Carlo computational efiicicncy and dose rate statistics on the top or

bottom sufwcs of hz cask. The dose rate profles rcsulting from both radial.and axirl biasing

calculations yield a complete dose profile of the endrt cask with design basis fuel.

MORSE Monte Carlo calculations arm performed for each type of source in each source egion.

In the case of the NAC-MPC.basket and design , asis fuel assembly configuration, this leads to

eight source terms: middle fuel neutron, gamma and n-gamma; top or bottom fuel neutron,

gamma and n-gamma; activated plenur. hardware -gamma and activated end fitting gamma.

Twenty to Wity million histories (gamma and neutron combined) are tracked to yield a dose rate

surfaci profile for each surface.

5,3.12. I NAC.MPC Stoae C.M k "rhrcc.Dinensional Models

The three.dimensional top model of the NAC-MPC storage cask contmining 36 design basis

Yarnkee Class fuel assemblies is based on the homogenized cylindrical rmpresentation of the

basket, and the following top featurcs of thutorage cask:

H Jeat ranser Annulus
, Carbon steel shcll with four cutouts for outlet .vnrts

* Concrete shliel with four cutouts ,-r outlt vMts

* Four outlat vents including carbon steel lining

* Cotbon steel shield plug
* Shield plug neutron Weld.
* Carbon steel top lid

Dwtails on the elevations and rdii uxd in creating the tW.v.c.imcmaionaI top inudcl am taken
directly from the drawings in Section 15 Cleations mssoxated with the stornge wk three.

dimensional fealtur are established with ,sSel tot the AWti"c fuel mip.ltnco ? the Yankcc Cls
1i1 =sembly (FiFgure SIN fN r the ,ombinatorIW model Thi d dimniozml atorage "A
Ltp model is shown in Figvtre S 3,1 Ti MARS~ geornct requirci 71 bodies 1• rigt ciznular
t) timnert and 41 tanZu~la par.llelepacd~it I• define 39• mod¢! zores wn c mbiotiorial Ilsg;.

9
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Ibc three imenioaal bottom model of the NAC-MPC storage cask • is based on 10,t

homogenized cylindrical repesenation of the foe/asket arid the following bottom fcatur .-

Qkestorae caSLz

0

0

0I

pt

nee tranfer Annulus
Carbon steel shUll with four cutouts for inlet vents

Cocrtte shield with fur'cutouts for inlet vents

Four inlet vents widi carbon0t"el linings
Carbon stewl bottom base plate

0

9

0

Carbon steel support sand with fourcutouts for air Dlow

Carbon steel shield ring
Carbon steel storage cask bottom

* Conrette pad below base plat

The thr=-diawnsionW storage cask bottom model is shown in Figure 53-2. The MARS

gomet-y requires 55 bodies (30 ,jiht cir.lar cylindem and 25 roctangular pWWIlepi!~eds) to
defire 50,r,±iw'-s with combi•nor logic.

5.3.12.2 NACh! M-'_CtME¢rk-0~on2Mo M&s

Several different t .h ijIo.W models of the top portion of the transfer cs ar* mud In th,

Wielding evalutons. These lnex lud wet d dt cavity co•ndo• as well a ft corresponding

shield li and struct•ual lid phce t. The top coniguration of t trah br ck Is evaluated In

detil for fte ld draining ad drying opeUraton. As with the storage cAs models top

mc--•s: of te NAC-MPC transfe cask containlng 36 desip bosis Yankee fuel ss blies at

based on A homogealud ixprmtAftoQ re •f-• e bzkc,. but fet rtanguW p orpe of t ba.

so=r region I3 modeled lIA order to mome #=wuately csfwwmate vA 4Ari ri port dos= ntts.

The bak" dists outside- di: fu:baske region arC explkttly Moddetle to More aVcUrasdy ACCML
for baW xv=Lnng. Thý fllo~iq t~uealm f lk =k cak xconAide d:

p

1

1

Vtn• pt opMs in lM• d! lid

UPPer wttdmet $Mal fizz
Up, Um~nn AM~ t-or Watots In fti teMPOra ALCM
Two hftii Riti uuloos cut thm-gh fth vura held loWtI c aft es skell
UM~ vA steh shleldrng o~ttb~x tho top as Am 0a e OAs draying 0

5.3-G



SI

NAC-MPC SAR October 1999
Thcket No. 72,1025 Revision OB

jo 5.3.131 One-Dimensional Radl nd Axial Shicldiag Models

Since the fuel assembly and basket featurs are not explicitly modeled in onc-dimensional

iaalysis, the fiel/basket interior is modeled as a set of homogtnized matcrial volumes based on

equivalent cylindrical volumes. These volume•,- '-defined by t.e amacreated by: the central

basket hole; the perphery of the basket tubes and tiw; edge of the steel support disks; and by the

elevations created by the basket heat tenfer zone, the active fuel, the fuel assembly plenums and

the fuel assembly end fittings.

The NAA-MPC fuel basket is divided into three radial regions: a central holce(void), fuel/basket

region, and a basket/disk region. These regions have equivalent radii of 4.66, 30.63 and 34.51

incses (11.83, 77.80, and 87.66 cm), respectilvely. Axially, the baske, is divided into seven

regions, the top, middle and bottom fuel/basket regions; the upper and lower plenum/basket

regions; and the upper and lower end fittings/basket regions. For the top models, the [: top fuel,

top plenum and top end fitting regions 1. ic elevations with respect to the fuel midplane of C

45.50,49.01, and 56.99 inches ( 115.57, ..•49 and 144.75 cm), respectively. For the bottom

models, the bottom fuel, bottom plenum =n4 bottom end fitting regions have levattions with
S respect to the fuel midplneof 45.50.47.61, and 54.80 inches E 115.57, 120.93 amd 139.19

Cm), respectively.

In cech of theiz reioas, the relevant fuel assmbly material and any baske material pr,,ent arc

homogenized Basket materials include te steel support disks, Aluminum but Iransfc disks, top

od bottom weldments. fuel lubcs, DORAL shects, ond DORAL cover sheets. -Fuel azembly
waterials Include- UO.. Claddintl. grids, plenum springs Mnd sacers, An end-fittings. The

resultant material An4-,iie densitics =re described in Section 5.3.2.

The one-dimensionrda l models of the zloragecask m t 4=andd ca, Am base d onth

cylindrical repmmsionato of the fueItWskct gourc egcions I(pmiou~ly dcseicdW) sunound by
the explicit Cnistg( Md cM% radial Shield Jimensior. AA •.i4 buckling cquil to the Atlirm fuel

hIght of 91 inces 1231.14 cm) is assum-d for all radial tmodels.

Tihe one.dmeniionlli,• mop as' .-... a models of the storage Wn tnrfc casks ar baed on

i ldb Wr-=ep WIOAte of t he ft• d 4ci axiAl 0egion 1o~Cie by- fth CIplisid) mAeled c.nistO
and smtorg ca* =3 A Wia sJtcJrgiwis As pre1ioaJ) L~tu~l tbt. oncdim~cnsionaA LW, Moel
tl_•%4iMns u- zpeciftd f'orahe IaM , stc fuel crhterlitn. ich &%S.1 auornAsi~llt . 4tabliihes as

S 3-4
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the reflecting bounduy. Two models arm utilized for each cask one from the active fuel

centedine to thettop of the cask; !nd one from the active fuel centerline to the base plate of the

cask. Two tuansverse buckings equal to the fIe/basket zone equivalent diameter of 61.26 inches

(155.6 cm) are assumed for both axial models.

53.1.2 3.Tg-Dimensforial To92 and-BotM Sheklint ?4odl¢s

SAS4 thee-dimensional shielding analysis alows detailed modeling of the fuel assemblies,

basket and cask shield configuration including streaming paths. Some fuel assembly Wad basket

detail is homo.,2ized -to simplify model input and improve computational efficiency. Thus, the

three-dimensional models maintain the equivalent fuel/basket source volumes develop•d-for the

one-dimensional models, but explicitly model the radial and axial extent of the source regions

and the cask body details. As in the SASI models, tie ..'el and Padware sourcregio o arm

homogenized within the volumes defined by te pedi€hey of the Ita.ket tubms and by the

elevations of the basket eat transfer zone, the active fuel, the plenum and the .nd fittings. Cask

body 4Italls include the 'rue axial extent of the cask shields as described by the drawings in

Section 1.5, ag well a3 radiation streaming paths such as the storage cask inlets and outlets and

the canister vent And drain ports. . V

SAS4 r.quires cask model symmeuty at the fuel midplane due to the nature of the automated

biasing techniques employed And bccawc dose mte tallies from the symmetric laves of the

model =re averaged together fir computational efficiency. Thus, to models Vic ceaed for each

cutk, a top ad a bouo.A model. As in the SAS I modcls, all thrc-&d"ncanonal shielding models

ar= &veloped with respt to the fuol mldplane as the origin.

The Scometxy of SA54 is bzcd in MARS (Weti combimtorial Seomctry embedded In the

MORSE codt (Emmctt). in this gcome, bod.es such a3 cylinders anW rectangular

PRWIJlCplpc4 Ar uecd to describc tk extent -.' :oncs of matcral. Zones LC volumes of
constant mat.esia (cro-s secton) ard arc defi, . n logical, opeatir ons bodic•

SAS4 employs on Autom3ted bi.•inm r tedqut for the MORSE Mont Carlo calcultior baed
On cithet radi*] ot an xiad XSDRNPIt adjoint Wculatiosn. In the. ca of' radial biing, tft

djoi calCulation is perfoNMxd f&Z kh radiAl Shield And CoQsOanD8ngAfuL'akCt M11o00, IA

fth CA d ofid ai bi s..n the ad;oinic kttion li pe fs emed kft top or bottom shields aoid
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Deca•ls of the elCvAtions-and radii used in creating tht three-dimensional top model are taken

directly from fth drawn-.h in. Section 1.5. As with the other three-dimensional models,

elevations a•ociated with the transfer cask three-dimensional features La' stabllshd with

respect to the active fuel mnidplane of the Yankee Class fAel &a.sembly for the combinatorial
geometry model. The three-dimensional transfer cask top model including shield and structural.

lid installation is shown in Figure 53-1. The MAPS geometry requires 108 bodies (94 right

circular cylinders and .14 rectangular parltelepipeds) to define 68 model zones.

The three-dimensional bottom model of the NAC-MPC transfer cask is based on the same

homogenized repmzsentation of the fuel/basket as the top model. As:with, the top 7iodel of the

transfer cask, the evaluations include both wet and dry canister cavity. The following bottom

features of the transfer cask are considered:

, Tennination of the radial shields at the bottom doors
, 9.5 inches ofearbon steel shielding representing the bottom doors

The transfer cask bottom model is shown in Figure 5.3-4. The MARS geometry requires 69

bodies (56 right circjlar cylinders and 13 rectangular paralelcpipeds) to define 59 model zoncs

with combinatorial logic.
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5.3;21 Shield Regional De'nstics

The SCALE 4.3 stanard cOmposition library .Janders) default, compositions and isotopic

.1istributions are used unless otherwise indicated. The composition. densities before

homogenlzation arc:

U01 at,95% TD
Zircaloy
HIO
Stainless Stel 304
Lead

Aluminum
BORAL (core)
NS-4.FR
Coizcrete
Carbon Steel

- 10.412
- 6.56

- 0.9982
- 7.92
- 11.344
- 2.702
: 2.623 (non-standard)

- 1.629 (non-standard)
- 2.243 (bascion 140 1l/ftdesign spea. minimum)
- 7.821

The *eItt regional homogenized densities roi UK. isi ond shield

densities apr-vide In Table 53-3.

5.348
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Figure 5.3-1 NAC-MPC Storage Cask Thee.Dimensional Top Model
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Flgurc 5.3-2 NAC-MPC Storage Cask Three-Dimensiona1 Bottom Model

Center~ Line
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F4=ur 5.3-3 NAU-MPC TMranfer Cask.ThreDirne:ional TopModel Including Shield and
Saucmral. IA.
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9Fig'u 5.3-4 NAC-MP Trnsfer Cask Thape-Dirnesional Bottom Model
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Table 5.3-1 Wool-Logo ..- , ......

MO7

!fa~le%2 f44 y RtPegioiralM&-,,=s(kg)-

:uellBaset Regiod
WA2isgebIyCmftrbttIonI Baf~t' WENou

M__ ____ SS30 S304 Al RA STMo A
________ ..&~!L. S.304 ----

LE- 0.00 186.48 1413.7 -. 2- L4
LP, •M 6101 62.28 42.55 -1 .
EM, 1335A7959A3 0.00 173.01 36;j <I> .47 .6-
FU8.02 1884.71 0.00 1004.41 320.40 29.5S 76 5A2 235-15

1754.48 472.20 0.00 237.61 47.89 T-73 ,-
UP/M - 94.9 27.43 52.1 - - 5.24.-

-t - -10o 6 45.14 _ -5-. '1

1. See Figum S.-2 for zone locations.

0
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M RegiozilHomogcnized Densities and Shicld'ensities

Zone/Matariul DehMost cc) Nuclides Dens••y(atom-bcm)
Middle Fat Zone

UO 22769 mU 2.793E-07

wU 3.656E-05
_U 5.041E-03

O 1.016E-02
Ziloy 0.6417 Zr 4236E-03
SS 304 0.3420 Cr 7-.526E-04

_man 7A93E-05
.Ye 2.563E-03
Ni 3334E-04

Aluminum 0.109) Al 2A35E-03
BAC 0.0101 . 8.764E-05

_B_ 3.52$E-N4
_ _C 1.OIE-04

H.0 Wet Trunfer Cask 0.6000 H _ 4.JIOE-02
O0 3.01E-.02

Middle Basket/Dibk
Zone.
SS 30.4 "0.9543 Cr 2.100E-03

______mn 2.092E044
Fe 7.152E-03

. N. . 9303E.94
Aluminum 0.2920 AT- 6.517E-03
40 WetTran ferCask 0.7700 H " 5.11E.02

o 2.575E-02

Steil Shkilding
SS 304 7.9200 Cr I,743r 02

_Mn 1.736E-03
Fe 5.9336-02
NI 7.721E-03

Caron Steel SbcIdlng__
C~rt~on Steel 74212. Fe 8.1-SQM.2

________C 3,97=43qQ

Con-cWe Shielding -

Cocee2.24)0 Fe 3,386E-04
___ _.. ... ____" 1,340U-02

IAS331!QI
i__ _. ....._ _ i .. 4.4V.4F*Q2

Na 1l.704F1-43
I_..iI4_ _-0_ N . ...

5.3-14
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0 Regional Homogenized.Densides and Shield Densides (Cbntinued)

Msteriam'Zone Density Wcc) NucIIdes Density (atom/b-cm)
TopFuelinket Zone
UO, . 2.2769 ' j 2.793E-07

- . 3.656F,-05
Ul ' 5.041E-03

0 1.0163E-02
Zircaloy 0.6128 Zr 4.046E-03
SS 304 0.3084 Cr 6.737E-04

Mn 6.761E-05
Fe 2.331E-03
Ni 3.006E-04

Aiuinure 0.0622 A1 1.388E-03
BIC 0.0101 8.76JE-05

1B 3:52,E-04
_______________________C 1.101E-,•

H2O Trmnsfcr Cask Wet .0.6303 H 4.214E-02
0 3.123EM02

Top Plenum Zone
Zlrcaloy 0.5719 Zr 3.775E..3
SS 304 0.4821 Cr 1.485E-03

'Mn 1.057E-04
Fe - 3.613F.-03
NI 4.700E-04

HiO Transfer Cask Wet 0.7019 11 4.695E-02
0 2.34SE-02

Top End FJRing Zone
SS 304 0.6749 " Cr I1.743E)02

Mn t.480B-04
Fe 5.05s8E.3
NI 6.79E-04

-1OTiansifer azk Wet 09132 HI 6.108E-02
0 3.054E-02

N ~e utron Shield .. ...... . ... .....
NS 4. . .......... 1.6291 . 8.553 ,4.-O

3.422E-04

.... ..... N ..- .394i-03
2.2642E-02

9
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Regional Homogenized Densities and Shield Densities (Continued)

Mater•a•lZon: Density (lcc) Nuclides Density(stom/b-cm)
Bottom FuelBasket
Zone
UO• 2.2769 U 2;793E-07

~uU 3.656E.05
wU 5.04 1E,03
0 1.016Mo2

Zircaloy 0.6128. Zr 4.046ES3
SS 304 0.2350 Cr 6.492E-04

, • Mn 6.467E-05
SFe - I21E-03

INi 2.876E-04
Aluminum 10.0622 At 1,395E-07
BIC 0.0,8101 -4. 8.764E-05

_ _ _B_ 3,528E-04
C 1.1OI1.-04'

HO Transfer Cask Wet 0.6322 "H 4.228E-02
0 3.130E.02

Bottom Plenum Zone
Zircaloy 0.6128 Zr 4.04t, '03
SS 304 1.0529 Cr 2.317___03

Mn 2.308E-03
Fe 7.891E-03
Ni 1.026E-03

H•O Tnsfer.Cask Wet 0..U47 H 3.644E-02
0 o .822E-02

Bottom End fitting
Zone
SS 304 0.9664 Cr 2.27E.03

_29_1n 2. 19E-04
.......____ _ Fe 7. 243r.-3

Ni 9,42 1 R04
HIQ TVVnsf'r Ca.i We, 0.5764 , 3.862E-02

0 2.931E-02

0

.3146
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5A Shielding Evaluation

This section evaluates the shielding design :of NAC-MPC transfer and storage casks. The

calculational methods ate described. Shielding calculations are performed with design basis
Yankee Class fuel source terms at 36,000 MWD/MTU and 8 years cooling.time.*. Dose rate
profiles are reported as a function of distance from the sides, top, and bottom of the NAC-MPC

storage and transfer casks. Storage cask shielded source terms (neutron and gamma fluxes.at the

cask zurface) are provided for ISFSI controlled area boundary dose evaluations.

5.4.1 Calculational Methods

Shiel'ing evaluations of the transfer and storage casks are performed with SCALE 4.3 for. 1he

PC. In particular, SCALE shiclaing analysis sequence SAS2H-is used to generate souice terms
for the design basis fuel. -SASI is used, :o perform one-dimensiunal radial and axial shielding
analysis, and a modified version of SAS4 is used to perform three-dimensional shielding

analysis. The coupled 27 group neutron, IS group gamma ENDF/B-IV (27N-18COUPLE) cross
* section IFbrary is used in all shielding evaluations. Source terms include fuel neutron, fuel

gamma, and gamma contributions from activated hardware. Dose rate-evaluations include the
effect of fuel burmup peaking on fuel neutron and.gamma source terms. The SCALE shielJing
aaysis sequences and cross section libraries recently have been benchmarked to measurements
of light water reactor fuel source terms, shielding material dose rate attenuation, and spent fuel

storage and transport cask dose fates (Broadhead).

The SAS2H code sequence is used to generate source terms -for the Yankee Class design basis
fuel SAS2H includes an XSDRNPM ncutronics model of the fuel assembly and ORIGEN-S
fuel depletion/source terms calculations. 7.5-i cws•0o

I _ .. ....1 1. .t Oi s e Source terms ore generated

for both UO, fuel and fuel assembly hardware. The hardware activation is calculated by

ORI.GENS using the incore neutron flux spectrum produced by the SAS2H acutrunics modes;

The hardware is assumed to be Type 304 stainless steel with 1.2 g/kg '9Co impurity. The effects

of axial flux spectrurm and magnitude variation on bardiare activation arc estimated by flu.x

ratios based on empiricol data (Luskic).

0.
5.4-1
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Both the one-dimensioWal SAS I and the,three-dimensional SAS4 shielding models are used in

the evaluations of the NAC-MPC storage system. The SASI radial and axial models are used to

estimate the peak and average dose rates on thr sides, top, and bottom.of the storageand transfer

casks. The models represent the cask as either semi-infinite cylinders or slabs. The method of

solution is XSDRN4PM discrete ordinates. Bucklings are applied to the one-dimensional models

to account for transverse leakage. One-dimensional analysis also serves as a.cross check of the

three-dimensional model results ft EWER.4..to

The SAS4 shielding .models are used to estimate the dose profiles along the surfaces of the

trax•sfer and storage casks and to estimate doses in and around- streaming paths such as the

storage cask inlets and outlets, and the canister vent and drain ports. The SAS4 models represent

the cask body and any streaming paths ".obingtorial logic. The method of solutionis

adjoint discrete ordirzates and Monte Carlo using the XSDRNPM and MORSE codes,

respectively. Since SAS4 requires model symmetry at the fuel midplane, two models are created

for each cask, a top and a bottom model. Radial biasirig is perforned to estimate dose rate on the

sides of the cask, and axial biasing is performed to estimate dose rates on the top and bottom

surfaces of the cask. Modifications. are made to SAS4 to determaine dose rates all along the

radial, top and bottom surfaces of the cask as %ell as an) cylindrical surface surrounding the

cask Thus, detailed dose profiles are determined that explicitly show peaks due to the fuel

burnup profile, activated hardware gamma emission and any streaming paths.

In both the SASI and SAS4 models, the fuel and hardware source regions arm homogenized

within the volumes described b) the periphcry of the basket tubes, and defined by the fuel

assembly active fuel, plenum, and end fitting elewations. Within these volumes, the material

masses of the fuel assembly and basket arc preserved.

5.4.2 Flux-toDose Rnte Conversion Factors

The ANSiVANS 6.1.1-1977 flux.to-dose rate conversion factors arc used in all NAC-MPC
shielding evaluations. The,-. factors are default for SCALE 4.3. Tables 5.4-1 and 5.4-2 show the

group flux-to-dose rate factors associated with the coupld 27 group neutron and 18 group
gamma cross section lIbrij used in the shielding evaluations.

5.4-2
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95.4.3 Do.Rates

This section" provides detalled dose rate profiles for the NAC-MPC storage and transfer cak

based on the source terms presented in Section 5.2. Design basis fuel source terms include
contributions from fMe! neutron, f!el gamma and activated hardware gamma. The fuel .ssembly
activated hardware gamma source terms include: steel and:inconel in the upper and lower fuel

assemibly end fittings, and upper and lower fuel rod plenum hardware. Peaking factors of 1.15
and 1.80 are applied to the one-dimensional radial fuel gamma and neutron dose rates,

. The three-dimensional- model dose rates include the axial profiles for neutron and

gamma source distributions shown in Figure 5.2-4.

5.4.3.1 One-Dimensional Storage Cask Dose Rates

One-dimensional radial dose rates with design basis fuel were found to be in good agreement
with the three-dimensional models at the radial midplane. However, the peaks in the radial dose
rates, due to activated endfittings, cannot be captured by one-dimensional analysis. One-

dimensioal dose rates at the top of the storage cask are significantly lower than. • t'hree-dimensional analysis. This is primarily due to the neutron comiN.,wnt of the dose

rates and the transverse bucklings applied in the one-dimensional axial model as well as
streaming effects caused by the heat transfer annulus and top vents. Except for the neutron

component of the top axial model and obvious limitations in geometry, one-dimensional analysis
is found to support the results of the more complicated three-dimensional models. Except for the

storage cask loss of concrete accident • ....t shown in Table 5.4-3, ] the dose rate

results from:three-dimensional analysis are reported.

WEN~ ~ P T-~T
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5.4 3.2 Three-Dimensional Stomge Cask Dose Rates

The NACMPC storage cask th-ree-dimensional model dose rates .-a presented in Figures 5;4-1

through 5.4-7. Approximately 50 million partlile histories (neutron and gamnm). are tracked to

,yield the dose rate profiles presented in. theses figures. The average standard-deviation for the.

side totaLdose rate shown-in Figures 5.4-I and 5.4-7.is less than ± 2%, and the average standhrd

deviation. for the top total dose rate shown in Figures 5.4-6 and 5.4-7 is less than ± 5%. The

average stMdrd deviation for the inlet and outlet vent total dose rates shown in Figures 5.4-3,

5.4-4 and 5.4-5 is less than ± 5%, and the standard deviation foa the peak dose rates at.the ven;

opening are less than* - 10%.

The vertical profile along the radial surface of the sterage cask, as well as at distances of 30.48

.cmr (1 foot), I meter, and 2 meters from it, are plotted in Figure 5.4-1 as-a function of elevation.

Each datum represents the circumferentially average dose rate at the corresponding distance and

elevations. The negative elevations are the dose rates from the bottom model computations.

while the positive elevations are the dose rates from the top model computations. The

discontinuity observed at zero eleation (midplane of the fuel) is a-modeling aftifact due to the

decouplin6s of the upper and lower portions of the cask. In.the vertical.dose profie, peaking is

observed at the upper and lower end fitting locations, as well as at the locations of the lower

intake and upper .utlet vents. The average and maximum side surface dose rate for the storage

cask are 37 (0.3%) and 47.3 (0.4%) mrem/hr, respectively.E

The radial surface dose profile is further F by source component in Figure 5.4-2. The

source components in both models contribute to the radial doses largely as one would-expect. i.e.

at the elev~tions where they arc located. Since these do~ss are circumferential averages. the

detailed circumfereptial dose rate profile at the top %ent elevation and the bottom 'ent inlet ar=

radially In Figure 5A-3 and Figure 5A-4. respectively. The dose rates shown in Figures

5.4-3 and 5.4-4 were computed using ia ,aancc-weiyhted averagc of the dose rates in the four

symmetric quadrnt4 a. *be vent elevation. A maximum dose rate of 24 mrem/hr (5%) is

calculated at the surfav.t, of the outlet ,ent and a maximum dose rate of 99 (5.4%) mrem'hr was

calculated at the entrance of the inlet vent.

h% Figure 5.4-5, the cirmumferential dosc :wtc profile at the support ring .utout elevation i6 shown

on the storage surface and at distances of 30.48 cm (I foot), I meter, and 2 meters, from the A

5.4-4
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*urface. The peak in the circumferential dose rate is not #t the location of the cutout, but above
the inlet vent location. Note.that these p-ak dose ratesiar; higher at i foot from the storage cask
than they are on the surface of the storage cask. This is due to photon scattering off the storage
cask concrete base thrQugh the inlet vent opening and up to the cutout-elevation.

The dose rate profiles on the top surface of the storage cask and at distances of ' foot and 1' meter
above the lid are shown in Figure 5.4-6. The dose rates mae plotted radially out from the
centerline of the storage cask. Two dose-rate peaks are observed on the storage cask top surface:
one in the vicinity of 90 to 100 cm, which codesponds to the location of the.heat transfer annular
gap and another at approximately 130 cm. The dose rate profile on the-top surface otfthe storage
cask is shownby source component in Figure 5.4-7 and indicates that the peak dose rate above
the annular gap is caused by neutrons streaming up the gap. The component profile also
indicates that the second peak is created by gammas from the end fitting, top fuel, and top

plenum: source regions. This peak occurs at approximately the same radial location as the
vertical leg in the upper outlet vent. "I-hus, it is a result of I decrease in effective shield thickness
caused by .the void in the concrete due to the outlet vents. The average dose rate over the top of
the ' computed to be 25.1 nrem/hr.= , while-the peak dose on top of the
storage cask is 54 mrcm/hr (4.9%).

5A.3.3 One-Dimensional Transfer Cask Dose Rates

One-dimensional radial dose rates with design basis fuel arc in good agreement with the three-
dimensional models at the radial midplane. As with the storage cask one-dimensional radial
model, the peaks in the radial dose rates due to activated endfittings cannot be captured by one-
dimensional analysis One-dimensional top dose rates at the top and bottom of the transfer cask

were significantly lower than three-dimensional analysis. This was primarily due to the neutron
component of the dose rates and the transverse budklings applied in the one-dimensional axial

model as well as streaming effects around the temporary shielding. Except for the neutron
component of the top axial model. one.dimensional awlysis supporU the re.ults of the more
complicated three-dimensional models.

U
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5.4.3.4 The-DimensionalTransfer Cask Dose Rates

The transfer cask thre-dim-ensional model dose rates are presented.in Figures 5.4-4 through 5.4-

15. Approximately 100 million particle histories (neutron and gamma) are trauked to yield the

dose rate profiles preserited in theses figures. The average standard deviation for the side totar

dose rates shown'in Figures 5.4-8 through 5.4-11 -is less than ± 2%, and the average standard

deviation for the top total dose rates shown in Figures 5.4-12 through 5.4-15 is less thaft :F.2%.

The transfer caskside dose tate profilis with a wet cavity are shown in Figure 5.4-8 as a'function

ofdistan*-and'in Figure 5.4-9 as a function:of so.rce component. In this condition, the majority

of the dose rate is from fuel gamma and activated end fitting gammna. * It~is asstumned in the

model that the water level in the canister is lowered for welding operations, thus, the top end

fitting is~uncovered and causes a large peak in dose rate at the top of the transfer cask due to the

gamma.source from the activated top end fitting. In this condition, the peak and average dose

-rates on the side of the transfer-cask are 210.2 (0;8%) and 79.5 (0.3%) mrem/hr, respectively, and

the- peak and average dose rates at I meter are 40.5 (0.7%) and 26.4 (0.2 */) nu-m/hr,

.respectively.

The transfer cask side dose rate profiles with a -dry cavity are shown in Figure 5A-10 as a

function of distance and.in Figure 5.4-11 as a-function of source compqnent. In this condition,

the majority of the dose rate is from fuel neutron and gamma sourc, but significant peaks are

shown from the activated end fittings. The peak and average dose rates on the side of the

transfer cask are 413.4 (1.5%) and 226.3 (0.2%) mremihr, respectively, and thepeak and average

dose rates at I meter are 1034 (0.6%) and 72.2 (0.2 %) mrem/hr, respectively.

The transfer cask peak and average dose rate on the temporary shield surface are 188.7 A.0%)

and 172.0 (0.3%) mrema/r, respectively. In this condition, the majority of the dose rate is from

the activated top end fitting. The peak and average dost rate at I meter are 3F9.1 (K.1%) and

263.7 (1.5%) mrem/hr, reectively.

In the final configuration,, the canister cavity Is dry, the shield lid 4 struqural lid ate In

place, imd 5" of temportry steel shielding is installed. In this condition, the transfer cask top

dose rate arc shown in Figure 5.4-12 as a function of distance and in Figure 5.4-13 m a- function

of component. . The majority of the dose rote is from the fuel neutron. The dose rite peaI.s at

the lid edge due to Somzna streaming around Ihc tapered edge of the lempQrar' shield. Th: peak



NAC-MPC SAR- Ja.nuary 1999
Docket No. 72-1025 Revision DC

and. average dose rates on the top of the transfer cask are 358.9 (2.6%) and 224.6 (0.90%)

uiu-em/hr, r.spectivelyj and the peak and average dose rates at I meter are 39.6 (4.5%) and 34.2

(1.3 %)zmiem/hr, resp'ctively.

The ttaxisfer cask bottom dose rate'profiles with the cavity wet and dry are shown in Figures 5.4-

14 and 54.15,.respectively. In the wet cavity situation, the pea and average dose rates on the

bottom of the transfer cask are 7"7.2 (037%) and 55.9 (0.2 %) mrem/hr, respectively, and the peak

and average dose rates at I meter are 19.0 (2.1%) and 12.2 (0.3 %) mre.ft, respectively. In the

dry cavity situation, the peak and average. dose rates on the bottom of the transfer cask are.W-6

(•/%) and 194.7 (0.3 %) mrenrrif respectively, and the peak and average dose rates at I meter

are P.. (J%) and 28.2 (0.4 %) mrem/hr, respectively.

5.4.4 Storage Co-k Shielded Source Terms

The, storage cask shielded source terms are provided in this section for -use in the ISFSI

controlled area 'joundary dose evaluations. These shielded source terms are the neutron and

gamma fluxe -at the surface of the NAC-MPC storage cask due to the neutron and gamma

sources spe.ifiedin Section 5.2. The cask su'face fluxes are obtained from one-dimensional

SASI radial une ax;.,l shit.ding evaluations. These fluxes are in the-27 group neutron and 18

group gamma energy group structure consistent with the SCALE 4.3 27N-28COUPLE cross

section library The group wisefluxes are listed in Tables 5.4-11 through 5.4-13 for the side and

the top of the storage cask. At the bottom of each column is the total source strength for use in

SKYSHINE-lII. This source strength, in the case of the radial component, is based on the

surface area of the side storage cask at the active fuel region, and, in the case of the top axial

component, is ba.cd on the surface area of the top lid. The tota.soW .. iC and spectra arM

used in the SKYSHINE.I1I direct and air-scater dose c'aluations presented in Chapter 10 for an

array of NAC-MPC stomge casks at an ISFSI.
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Figure 5.4-1 Storage Cask Radijal Dose-Rf:Pgofile M, S
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10 Figurt 5.4-2 Storage Cask Three-Diniensional Model Surface Dose Rkte Profiler:
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Zigure 5.4-3 Storage Cask Top Qutlet Vent Dose l4te Profile
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Fig=35.4-5 Storage Cask Dose Rate Profile at Stand'Citout Elevation
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Fig=r 5.4-4 T.m.fcr Cask Side Dose P.az Profile as 2'?wcion of Elcvaion " Disuzranp
Wd Cavity
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Figtx S5k9 Tranfer Cask:Sie Dowe Ric Profile by Soo=c Componetj Wet Cavity
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Figur5.4-10 Trpusfr Cask Side Dose Rwtc Profile as a Function of El£vaon andigarxe,
Dry Cavity
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Fig A 5.4-11 Transfr Cask Side Dose Rate Profile by Soue.Component, Dry Cavity
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Fi~gw SA4-2 Transfer Cask Top Stuface Dose Rate as a Function of Radius and Di c.s=,from
Surf•ce, Shield Lid, Stncturl Lid, and TeMporary Shield On, Dry Cavity
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figure SA-13 Tansfer Cask Top Surface Dose Rate by Source Component, Shiel!d Lid,
Stucural Ld, and Temporary Shield On, Dry Cavity
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. ~Fig=r 5.4-14 Tranfer CLAk Bottomc:Surface Dose Rate, Wet Cavity
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Figr .SR-15 Trmnsfer Cask Bottom Surface Dosc.,lae, Dry Cavity
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. ~Tabl 5.4-1 ANSI Etandszd Neutron Flux-To-D)ose Rfte Factors

1 1.49160E-04
2 1.44640E-04
3 1.27010E-04
4 1.28110E-04
5 1.29770E-04
6 :0804
7 5'. 1 930E-05
8 1.23 199U-5
9 3.836S0E-06
10 3-72469E-06
11 4.015OOE-06
12 4.29259E.-M
13 4.47439E-06
14 4.56760,E-0
15 4.55M0E-06916 4.51950E-06
17 4.48790E-06
is 4.46649E-06
19 4.43450E-06
20 4.32709E-06
21 4.19750E-06
22 4.09759E-06
23 3.83900E-06
24 3.67480E.06
25 3,674~00 M
26 3.674S0E-06
27 3.674SOE.06
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Table 5.4-2 ANSI SWtWird Gamma Flux-To-Dose Rawe Factors

Om Re/H1r. YIv!Cm2/Sec)'

I 8.77160E-F6
2 7.47849M-06
3 6.37479E.-06
4 5.41360E-06
5 4.622091-06
6 3.95960E-06

7 3.46860E-06
8 3.01920E-06
9 2.62759E-06
10 2.20510E-06
11 1.83260EM06
12 1.52280E.06
1-3 1.17250E-06
14 815940-07
15 6.30610E-07
16 3.83380E-07
17 2.66930F-07

18 9.34720t-07

Toblc 5.4-3 WAC-MPC Storage Cak One-Dimermional .

Fuel Neutron 41
FuelC.Qmm _______

To~tal' 1 3
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Table 5.4- NAC-MPC Shielded Gammna Flux L

Radial Gamma-Ray Axial Hardware
Energy Group Group Flux Gamma-Ray Group Axial Fuel Gamma-Ray
BOundary (MeV) (,lseclcm2) Flux (y/sec/cm2) Group Flux'(y/sec/cm')
8.0-10.0 1.76E+0 0;00E3+00 ."9.26E-01
6.5-8.0 1.36E+01 0.00E.00 8.63E+00
5.0-6.5 1.71E+01 0.00E+00 4.041E+00
4.0-5.0 1.98E+01 0.00E+00 3.09E+00
3.0-4.0 2.72E1+01 4.52E-24 3.74E+00
2.5-3.0 1.77E+01 5.27E-05 2;59E100
2.0-2.5 9.40E+01 1.73E-02 5.37E+00
1.66-2.0 .15&E-01 1.39E-02. 4.90E+00
1.33-1.66 4.65E&02 8.23E+01 1.45E+01
1.0-1.33 1.17E+03 2.05E+02 3.4AE+0-
0.8-1.0 1.56E+03 1.81E+02 3.26E+01
0.6-0.8 3.10E+O3 2.48E+02 4.89E÷01
0.4-0.6 5.53E+03 3.42E+02 7.96E+0I
0.3-0.4 4.01E+03 2.06E+02 4.83E+01
0.2-0.3 5.63E+03 2.18E+02 5.20E+01
0.1-0.2 1.38.0+4 1.37E+02 3.19E+01
.0.05-0.1 4.62E+03 3.48E+00. 9.141-01
0.01-0;05 1.75E+01 5.24E-03 5.39E-03
Total Grotip Flux 4.02E+04 1.62E÷03 3.77E+02
Total Source Strength(I.e) EO 13*08 OJ,! 02

1. Týtal adal sice is total flux multiplied by the radial cask area ( x 10' cm2),
2. Tota &xial sour4 Is total flux multiplied by cask axial =uAmce area 8r.301 x 10' cm1 .
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Table 5.4-1 NAC-MPC Shielded Neutron Flux L,

Total Radial Neutroni Total AMial*Neutron
Energ Group Group Flux Group Flux
Boundaiy (MeV) (N/sc/cm') (n/sec/cm2)
6.435-20.0 3.82E-02 4.25E-02
3.0 -6.43 1 .42E-01 1 .79E-01
1.85-3.0 3.42E-01 6.21E-01
1.4-1.85 IM7E-01 gw.13E-0I
0.9 - M-. 1.56M)0 5.60E+00
0.4 -0.9 3;51E-01 3.94E+01
0.1 -0.4 3.98E-01 7.47E+Q1
1.7E-02 -0.1 3.62E-01 5.15E+01J
3.OE-3 - 1.7E-02 2.85E-01 2.78E401
5.5E-04 - 3.OE-03 3-2511-01 1 .44E+01
1.OE-04 - 5.5E-04 4.04E-01 1 .46E+01
3.OE-05 -1.OE-04 3.23E-01 9.36E+OD
1.OE-05 -! 3.OE-05 3.43E-01 7.76E+00
3.05E-06 - 1.OE-05 4.09JE-01 7.D6E+00
1.77E-06 - 3.05E-06 2.08E-01 3.OOE.+00
1.3E-06 -1.77E-06 1.28E-01 1.55E+00
1.1E-06 - 1.E-06 6.01E-02 6.65E-01
1.OE-06 - 1.13E-06 5.37E-02 5.49E-01
8.OE-07 - 1.OB.06 1.00E-01 9.59E-01
4.E0 8.OE.-07 3.62E-01 2.69E+00
3.25M-7 - 4.013-07 1.35E-01 6.64E-01
2.25M?07- 3.25E-07 5.56E-01 I-00E400
L.01-07 - 2.25EZ.07 6,37E+00 1.67E3+00
5.013-08 - LQE-07 1-37E+*01 1.05E3400
3..0E-08 -S.0-308 9.49E+00 4,35E3-01
1.O13-08-- 3.OE.OB 8.35E3+00 2.26E-01
1.01-10. 1.013-08 1.65E+00 3.11 E-02
Total Group Flux 4.52E+01l.8--" '
Total Source Strength~
(A Is=) 13MUOV 2.223.4O72

I. Tot.daU.nd1=Iiucs total flux multiplied by radiat cask wacof IM x 10'cm'.
?. Tbblhxý,pou=cIt*total-flux multiplicl by casl Lxialh sifc~ a of OLU x 106 c0-*

0
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"* @ 6.0 CRITICALITY tVALUATION

6.1 Discussion and Results

This chaNtr demonstrates that the NAC-MPC storage systeh containing 36 Yankee Class fuel
assemblies is subcritical in accordance with the rquih-rments of 10 CFR.72.124(a),

I0 CFR 72.236(.) and Chapter 6 ofNtJPREG-1536. These requirements -arce interpreted to mean
that the effective neutron multipli%'tion factor of the NAC-MPC system is less than 0.95,
including biases and-uncertainties under normal, off-naormal and accident conditions.

The NAC;MPC storage system comprises a transportable storagec canister (canister.), a transfer
cask and a vertical concrete cask (storage cask). The canister comprises a stainless steel canister
and a basket. The basket comprises 36 fuel tubes held in place with stainless steel support disks
and tie rods. The transfer cask containing the canister and basket is loaded underwater in the
spent fuel pool. -Once loaded with fuel, the canister is drained, dried, inerted, and welded shut.
The transfer cask is then used to transfer the canister to the storage cask where it is stored until
transported off site.

Under normal conditions, such as loading in a spent fuel.pool, moderator (water) is present in the
canister while it Is in the tran4fer cask. Also, during draining and drying operations. moderator is
present and its density will vary. Thus, the criticality-evaluation of the transfer cask includes a
variation in moderator density and a determination of optimum moderator denity. Off-normal
and accident conditions are bounded by assuming the most reactive mechanical basket
configuration, as well 4s moderator intrusion into the fuel cladding (100% fuel failure).

Under normal conditions, moderator is not present in the canister while it is in the storage cask.

However, access to the environment is possible via the air inlets in the storage cask and the
convective heat transfer annulus between the canister and te storage cask steel liner. This
access provides paths for moderator intrusion during a flood. Under off-normal conditiors,
moderator Intrusion into the convective heat transfer annulus is cvaluated. Under accident
conditlom, It is hypotheally a:sumed that the canister confinement fails, and muderator
intrusion into the canister and into the fuel cladding (100% fuel failure) is evaluated. This is a
IWgi! conservotv wauipSion.sInee, *3 sbown In CW~pet I and 11j, 1he= are lio design basi

oMAL of44=9 orsedmi zndidoztat rsWl t in- fta- . ff=a rhe tanister confuem~et
b=*q ta would allo ftb Intlon of WS.,

6.1-1

ft



NAC-MPC SAR October 1998
DocketlNo, 72-1025 Revisioh OB

Criticality cohtrol in the NAC-MPC canister basket is achieved using a-flux trap principle. Each 0
of.the basket tubes in the canister basket is surrounded'by four BORAL sl*ets p "i core

density of:0.01g "'B/cm2 I which arc held in-place by stainless steel cladding.. The

spaing,.of the basket tubes is mainwtrined by the stainless steel support disks. These disks

provide water gap spacings between tubes of 0.875, 0.810, or 0.750 inches, depending on the

position of the fuel tube in the basket. When the..canister is flooded with water, fast neutrons

leaking from the fuel assemblies are, then-udized in the water gaps and are absorbed in the

B ORAL sheets before causing a fission in an adjacent fuel assembly. This criticality control.can

accommodate up to 36 Yankee Class Zircaloy-clad assemblies with an initial enrichment of 4.0

wt % `U or 36 Yankee Class stainless steel-clad assemblies with an initial enrichment of 4.94

wt% 3U.

The cri-'"'y evaluation of the NAC-MPC is performed with the SCALE 4.3 (ORNL)

Criticality Safety Analysis Sequence (CSAS)(Landers). This sequence includes KENO-Va

(Petrie) Monte Carlo analysis to determine the effective neutron multiplication factor (1,). The

27 group ENDF/B-JV neutron library (Jordan) is used in.all calc.'!ations. CSAS with the 27

group library is bcnchmarked by comparison, to 63 critical experiments rmlevant to Light Water

Reactor (LWR) fuel in storage and transport casks.

Criticalit) cvaluations air performWd for both the transfer and storage casks under normal, off-

normal and accident cont itions. Considerations are given to the most reactive fue: asembly

type, worst case mechanical basket .onfigur.tion and variatiQns in moderator densit). The

maximu..i effectic neutron multipli,;tion factor %ith biKu ,nd um.ertaintic for the transfer c.4sk

is 0.9021 under either normal, off-nronl or accident conditions. The maximum multipitcation

factor wAith bNOs and uncertainties for the storage cask i4 0.4503 under normal dr) storage

conditions sna4 0,9.tS under tthe hypothet.cal accident conditions inoling full mdcerator

Intrusion. These volues reflect the following conservative conditions:

6.1-2
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1. No fuel burnup (fresh fuel assumption).

2. No fission product build up a a poison,
3. 36 Yankee Class fuel assemblies ofthe most readve type.

4. U%2 fuel density itt 95% of theoretical.
5. No dissolved boron in the spent fuelpool water (water tempemat,,a' 2930K).

6. 75% ofi '0B loading in the'BORAL Plates.

7. Infinite cask aray.
8. No axial leakage.

9. A most reactive mechanica lconfigurition involving: MEthe fuel tubes •noved

toward the center of the basket, maximum fuel tube opening, minimum disk opening,

maximum disk thickness and closely.packed disk openings.
10. Moderator intrusion into the fuel rod clad/pellet gap undet accident conditions.

Analysis of simultaneous moderator density variation insid. and outside either the transfer or

storage casks shows a monotonic decreaso in reactivity with decreasing moderator density.

Thus, the full moderator density condition bouv'ls any off.normal or accident situation. Analysis. Qf moderator intrusion into the storage cask heat transfer annulus with-the:dry canister shows a
slight decrease in reactivity from the completely dry condition.

ihe NAC-MPC storage system containing 36 Yankee Class fuel assemblies of the most reactive

type in the most reactive configuration is well below the 0.95 ý criticality safety limit,

inclding all blas.ssi.id uncertainties under normal, off-normal and accident conditions.

6.1-3
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* 6.2 PaEkage Fuel LoadinLg

The NAC-MPC storage system can safely transfer and store 36 Yankee Class fuel assemblies.

-Loading: is by

the top weldment, , The various
Yankee Class assemblies to be transferred-and stored in the NAC-MPC ar presdnted in Table
6.2-1. Fivevendor categories, each with two fuel rod configurations (types), are available within
the Yankee Class. These arc: Combustion Engineering (CE) 16 x 16 Type A.and Type B, two

Exxon 16 x 16 Type A and Type B, United Nuclear 16 x 16 Type A and Type B,
and Westinghouse 18 x 18 stainless steel clad Type A and Type B. See.Figures 6.2-1, 6.2-2 and
6.2-3 for the fuel array configurations. The Combustion Engineering manufacturcd fuel has the
same fuel rod arrays for Types A ind B as the Exxon fuel. The Type A and Type B fuel arrpy
configurations allow a cruciform control rod to be inserted between assemblies during core

operation. The most reactive Yankee Class fuel assembly is the Unite4-Nuclear, Type A. 16 x 16
fuel assembly with 4.0 wt % "'U initial enrichment. This fuel assembly type bounds all of the
Yankee Class fuel assemblies, including the Westinghouse stainless steel clad fuel with a 4.94 wt

* % 2'$U initial enrichment. The United Nuclear Type A fuel,,.ssembly with 4.0 wt % "'U initial
enrichment is the design basis fuel assembly used in NAC-MPC storage system criticality
evaluations.
The Vmtý fber7 By ay-1an 61 iWodhernoyed fonE*KAuzst
soua-mlfr *MiWy9

A canister may contain one )r morm reconfigured fuel assemblies. The reconfigured fuel
assembly is designed to confine the Yankee Class spent fuc rods, or portions tfrcof, which
are classified as failed fuel and to maitiain the geometric c.onfiguratlon vf those fuel rods.
This assembly can accept up to 64 f011 length spent fuel rods in an eight by eight array of

tubes.

The reconfigured fuel assembly consists of a shell (square tube with end fittings). A basket
ussem bly and 64 Fuel tubes oLe ig0urj4 foi
.-. ; The external dimcnsions of the shell arc the sante as those of a stantard Yankee Class

fuel assembly and all materials are stAinless steel. It Is designed such that it can bc handled in
the same manner ,A. - .a:.ndard Yankee C'ass fuel assembly. The spent fuel is confined in the

* fuel tubes The tubes are supported by a basket Assembly within the shell and h4ve c4 plus%

V

iinimr -.. ~. ~-----.
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*ith drilled holes to permit diraining, drying and inerting with helium. The shell has holes in

the top and bottom finings to permit-draining, drying and inerting of the assembly.

The-total number of full length pins that can be placed in the reconfigured fuel assembly is less
than the number that are in -the Yankee Class fuel assemblies (maximum. of 64 versus 256

rods). Consequently, the reactivity of the reconfigured fuel assembly, even with the most

reactive fuel rodsjs less than the design basis fuel assembly used in criticality evaluations.

_-,---- mr"5 N-_--,:--uw,•.u~••,•_• -. ---1
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Figure 6.2-1 Yankee Class Type A and Type B Exxon and CE Fuel Assembly Arrays
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Figure 6.2-2 Yankee Class Type A and Type B Westinghouse Fuel Assembly Arrays
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6,3 Mrt•.ytO&el SW&C41aton

T7I se4.tlon de=cbts the K O--VAa 1 models used In the criticty evaluaIon of the NAC-
MWC. The geometric rcpr ation of the daip basis fuel assembly, the NACUMPC basket
mid the asociaW trnsfcr and storage cask shield regloos ate described. The material dcnsities
and nucli concentrations are also specified.

63.1 xerfixion grodculatio• m od

Tre g] models me used in the NAC-MFC storage system critcality cvaluadons: a fuelibaske
model, a tranfr cask model and a storage cask model. The fuellbaft model Is a single NAC-
MPC basket cell containing a fuel assembly. This model is used to de(temine the most rcactivc
fuel t-sembly type and to evaluate mechilcal perurdons of the fuel and basker The transfer
cask model Is on.eXplicih rpresentation of the NAC-MPC bsket and canistr cctaining 36
design "s fucl assemblies surrounded by th tr'wfcr cs•Lrdi shields. Thi model Is used to
-valute htrasfer cask ',activi•y during oin$, "Wg No drzying operations. The storage

c'sk model is an explicit representation of ft NAC.IPC baske and c•aster containing up to 36
design basis fuel assemblies. sunmundeidby the stonrg csk r-,dal shields. This modcl is sd to
Cviulte the storage Mak durin noml, off.•normal and Accidc Storal situatiorm.

The fuirbatt model com priss a sIlngii b,•kt cell Qh periodic axil and rcflectid, radial
bouafty Conditions. This simulata i intkitc at'y 4.' fucr0 et cell3. The model tcomcu
Is divided Into four vical hIyes a6=lumiW :Lat trnsfr lycn A' fl r••p waW laycr. a
stel support4* lJayer. a a top flux utap water L.ycr. In =h of these byto. the fuel G.sMs , t)
on y. ful ube. BORAL shcct.. filux.trp ,a~tr M ste.'. ort •m•,mn m disk we.b at modiccd
FjiS e 63.1 s ,ows a skch of rheNAC-MPC fattabzItt mcdl.

Both of t •.•tnMIr-A d trtnsfr CA* UrzCh modls A r= deri%4 frm a ral3l slice of the
b e fa tlf_ cm.rl (•heA tranmfXr svpw This se•t.• n isi • t rnt- m* m ktart. dut ua the
iitncr ofr=Ie vipnod 4sjs and aluminum %ca t rwanfm &Uk dspla~ing %%awe PA dip flux trap
pap Bubh model is a stick of four slices c~Niatr oex taiwnwuw disk. two idmt:c-W watet

modde4 in each alzcc eA conuain~ a 4i;iAi basis fuel pw*k t* tAc of 15 Waet P.-vi ~t

FA



NAC-MRK SAR
Do"ce No. 72-1025

April1997
Revision,0

BORAL sheets. Both cask modci6 explicitly arraige the fuel assemblies and basket tubes -in the

most reactive configuaion consistait with the mechanical tolerances spccified by the design

drawings. In all models, the fuel assemblies, basket tubes, BORAL shcets and water gzps are

explicitly reprsnted. There are no homogenizations. Eacb cask slice Includes the cask radial

shield regions su,"rourded by an outer CUBOID. The four slices are stacked into the KENO-Va

GLOBAL UNIT.

Periodic boundary conditions are Imposed on the top and bottom of the GLOBAL UNIT to

simulate inf'mite axial extent. Reflecting boundary conditions are imposed on the sides of the

GLOBAL -UNIT simulating an infinite pumber of casks in the X-Y plane. ModerAtor density-is

varied both in the-cask cavity regons normally filled with waWr and in the exterior CUBOJD.

Figures 63-2 and 6.3-3 show the transfer cask and storage cask c.iticality models, respectively.

6.3.2 P2kage Regi2orl Densities

The SCALE 4.3 standard composition librar (PIric) default denrwitir and h3otopic diýtributions

ox used unless othcrwise indiatcd. T7± densities used In the KMNO-Va criticAlity antilyscs are.

UQ1 at 95% TI"
Zircaloy
Tye 348 Stnless Steel
H1O
Type 304 Stbnless Swl
Lead
Alum'inum
1PORAL (come
INS.4 -FR.
Conrati
cfto Sty-!

0.412
6.56
7.92 fnon-stand-d. Wesdrihot fuel cladj
0.9982
7.92

11.344

2 702
2.ei23 (ron-,gstnd

2 243 Itsed on 140 bft'dsign ipec. ormumw)

7821

0

0
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63.2.1 Ead Ecg!n

Fuel rod dems ics an:

U% (at 3.9 wt N)

U0, (at 4.0 wt %)

L'02 (at 4.9 wt %)

Zircmloy

Stanleu Steel 348

"90

0
2)JU

21su
0

73%U
Plu

0

9.271 x 10'l
2.231 x 10
4.646 x 102

9.406 x 10

2.229 x 10".

4.646 x 104

1.162x 10"
2.207 x 10.

4.646 x IV•

Zr

Fe
Cr
Ni
C

Mrn
Si
P
s

4.331 x 104

.529 x 1o6
1.743 x 10.2
1.057 x 104
3.IS0 x 1O"0
1.736 x W0.
1.698 x 10"
6.159 x I Qa
4.463 x 10'

63-3
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6.32.2 cukmw ial

Cask matal'densities ac:
Mar Demo nsity (atomsr-CM)

Borad Core 308 7.098 x 100O
"B 3.925 x 102

C 1.220 x 10.
Al 3.358 x 102

Aluminum Al 6.03 x 191

Stainless Steel 304 Cr 1.743 x 10.
Fe 5.936 x I0.
Ni 7.721 x 10'
Mn 1.736 x I0

Lead Pb 3.297 x 102

NS4-FR H 5.841 x 10"
0 2.607 x 109
C 2.265 x 1.0'
N 1.401 x 10

Al 7.781 x I0'
"B 3.565%- -10

"3a 9.798 x 10'

Concree 0 4.494 x 104
Si 1.621 1 104
H 1.340 x !0r

Na 1.704 x 10'
Ca 1483 x 10'

Fc 3.386x 10"1

Al 1.7 02 x 10"[

Cosonf-clFe 8.350 x 1
c 3.925 x10'

6.34
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6.032.3 Wae efecdor gtl

The material densites forthewater inside and outside the donge cask under normal conditions
are:

Hie H 6.677 x 102
0 3.338 x 104

Water density Is viied using the volume fraction (VF) parameter on the SCALE 4.3 material
information processor card. This acts as a simple multiplier on the above densities.
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Figure 6.3-2 NAC-MPC KENO-Va Trnsfer Cask-Model
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Ai. *
...- q . 9i'. •" .
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0'

pri.. WW&fptmcts a dlice betwee a xqpAd a&Wiicrd&i The center

fu1ttu position Is f~iled wMuit Sj' Th is uni cell de~ibs the vc4flt fuel tube - As
previously stated. the esfcalty analpr.s zonsdder 36 Yankee Clazs fuel asscniblicb. auurnng
fti center tube is5 empty.
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Figure 6.3-3 NAC-MPC KENOMVaStorNge Cask Model
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6.4 Criticality Calculation

This section dcmonstnies that the criticality a.,alysis of the NAC -MPC is-sufficicn.t to satisfy the
requireiits of 10CFR.72.124(a), 10CFR72.236(c) and Chapter 6 of NUREG 1536. The
calculational method is described. Criticality calculations are performed'to determine: the most
reactive Yankee Glass fuel assembly type; the most reactive mcchanical configuration in the
NAC-MPC basket; and the most reactive moderator density under normal, off-normal and
accident.conditions,

6A4.1 CalcW0tiol Method

The criticality evaluation of -the K4AC-MPC is performed with the SCALE 4.3 (ORINL)
Criticality Safety Analysis Sequcnce (CSAS) (Landers) for the PC. CSAS includes: the SCALE
MaWerial Information Processor (Bucholz), BONAMI (Greene), NITAWL-Ii (Weatfall). and
RENO-V% (Petrie). The Material Information--Prcssor generates number densities for standard
compositiom, prepares geometry data for resonance self-shielding, and creates data input fdes for

O the cross section processing cod=s. The BONAMI and NITAWL-I1 codes are used to prepare a
resoance=-corrected cross section library in AMPX wvorking format The -ENO.Va code
calculates the model lcf using Monte Carlo techniques. The 27 group ENDF/BIV .neutron cro~s
section library (Jordan) is used In this crculation. The NAC-MPC KENO-Va models are
described in further detail below.

6.4.2 Fuel Loeging Ontimlotn

The fuel loading is optimized in the NAC-MPC cask criticaliz, models by-u3ing. I) fresh fuel, 2)
the most rea•tive Yankee Class fuel asscmbly t)lM 3) the highcst possible fuel stack demity c05

% of theoretical) imd 4) the most reactive basket configuration. The cask modeb r'presnt fully
loade basket• with 36 design basis fuel asscmblies. The rmodtls u•e rflccdng boundary
conditions on the sides and periodic boundas) conditions on fte top and Lbttom. These boundary

corditions simulate an infinite arry of casks of Infinite Wxial extent.

64-1
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6.4.3 .igluYFArI@

This section-establishe;.themost reactive Yankee Class fuel and the ast reactive configuration
of the fuel within the canister baskeL These results are used to calculate the effective neutron

multiplication factor for the transfer cask and storage cask assuming full moderation.

6.4.3.1 Most Reactive A.smbly

'Using the fuel/basket model of the NAC-MPC basket, each of the Yankee Class fuel assembly
vendor categories shown in Table 6.2-1 Is evaluated. Each particular fuel rod array is explicitly

modeled. This includes the Westinghouse 18 x 18 Types A and B at 4.94 wt % 15U, United
Nuclear 16 x-16 Types.A and B at 4.0 wt % 2'U, Exxon 16 x 16 Types A and B with steel guide
bar and instrment tube at 4.0 wt % "'U, and CFE Type A and B at 3.90 wt % •"U, as well as the
reconfigured fuel assembly with the most reactive fuel rods. Note, the Exxon 16 x- 16 Types A

and B with Zircaloy guide bars and instrument tube is identical to the CE configuration. In order
to standardize the comparison, each assembly is evaluated with the fuel U0 2 at 95% theoretical
density.

Table-6.4-1 shows the multiplication factor for each Yankee Class fuel type in the NAC-MPC
basket. This lable shows that either the United Nuclear Type A or Type B haW the highest
multiplication factor of the Yankee Class fuel assembly vendor categories. Table 6.4-1 also
shows that It is difficult to resolve the difference-between Type A and Type B fuel assemblies.
There is only one fuel rod difference in loading. However, since the United Nuclear Type A has

the highest UO, mass, this fuel rod array is chosen as the most reactive design basis fuel
asembly for the NAC-MPC This design basis fuel assembly is used in all subscqucnt transfer
and-storagc cask evaluations.

6.4.3.2 Mmt Rjective Mechanigal Confij.ration

Using the fuetbasket model with the design basis fuel assembl,, an evaluation of the effect of

difcren=t N.kC.MPC bisket perturbationi is made This criticality anmlysis dctcrmincs the most
reactivc basket mechanical configuration by altering the nominal fucLl;skect muo! with the

design b•is ausembly and comparing the perturbed k; to the nominal result. If A14 (kpg," -
k,,) is positive. the tolerance causes an increase in rcactivity. C'nvcwceb, if bk, is negariVc,
the t0oleance causes a decrease in r=activity. Twii iets of pertutbatiod ae ju.ts cd in this

11
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O evaluation of the criticality control: fabrication-olerances-and component movement within the
basketL

Four major fabrication tolerances are evaluated: the fuW tube opening, the disk opening, the disk
tbickness and the disk opening placement. ModificfPlons to the nominal fuel/basket model
dimensions are made based on the bsket and fuel pube tolerances given on the NAC.MPC
drawings provided in Chapter 1 A. Th•e tolerance ambisis results are shown in Table 6.4-2. Table
6.4-2 shows that the inost reactive, set of basket tr)eraces are maxinum fuel tube opening,
minimum disk opening, maximum dI'sk tickness abd minimum (close packed) disk opening
placement.

Increasing the fuel tube opening brings more moderator into the Wap between the assembly and
the tube lowering the efficiency of-the BORAL sheets, hence ibaresing the reactivity of tW
system. Minimizing the disk opening and maximiziqg the disk thicness removes water from the
flux trap, consequently increasing kIe. Finally, decreasing the web thickness, decreasem the flux
trap size and also moves assemblies closer together producing an increase in kff. With respect to
fabrication tolerances, this is the most reactive configuration.

. Two major component movements within the basket are evaluated; the assembly within the:tube
and the tube within the basket. Unique to this package is the Yankee Class diagonally symmetric
fuel assembly Consequently, movement toward the three corners must be evaluated as opposed
to one con',r for a fully symmetric assembly. This assembly produces five movement
perturbat:,rns: fuel tube movement to the upper right comrer, the upper left corner, the lower left
corner and side to side. Tabfc. 6.4-3 shows the assembly movement analysis results. These
results show that the most reactive assembly position is centered within the basket tube. This
centering provides the most optimum moderating water gap withinthe tube.

Similar to the fuel assembly movement. analysis, five possible fuel tube movements arc
evaluated! the upper right come . the upper left corner, the lower left corner and side to side.
Minor and periodie boundary conditions on the sides of the model ar evaluiated. Table 6.4-1
4hows ft tube movement evaluations. Thesc results indicate t.at the most reactive fuel tube
location Is shIfted wi the fight side of the tube with mirrorcd boundor conditions. Thisresult is
reasonable given the orentation of the avsembl- Shl+ing the tube to the right side with mirwrmd
boundary conditions moves * complete fuel pin raw of two assemblies closer together, hence

*,pushing the Iurgest amount of fuel together ood minimizing fte flux trap Sap bctw.en tube. In

6.4-3
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general, thesc results show that moving the tubes towards each other with the fuel assembly
centered in the tube:is the most reactive component configuration. 0
rhus, the following most reactive mechanical configuration is imposed on the NAC-MPC basket
mpdel: assemblies centered in the tubes, fuel tubes moved toward the center of the basket,
maximum fuel tube opening, minimum disk opening, maximum disk thickness and close packed
.disk opening locations. The reactivity penalty associated with this configuration versus the
nominal configuration is discussed in. the transfer cask and st.rage cask criticality evaluations
below.
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6.4.3.3 Transfer Cask Criticality Evaluation

Under normal conditions, such as loAding in a spent fuel pool,:moderator (wpter) is present in the
canister while it-is in the trawfer cask. Also, during dtaining and drying operations, moderator is

presentand its density will vary. Thus, the criticality evaluation of t.e tronsfer cask includes an
evaluation of the reactivity effects of moderator density variation. inside the cask. Off-normal
and accideftt conditions are bounded by assuming the most reactive mechanical basket
configuration as well as moderator intrusion into the fuel cladding (100% fuel-failure).

Using -the .transfer cask criticality model, an evaluation of the assumption of 75% of 10B in
BORAL, the cumulative effect of worst case mechanical perturbations and the effect of
moderator density variation- is made. Table 6.4-5 shows transfer cask multiplication factors at
various conditions. Table 6.4-5 shows that the assumption of 75% of the BORAL '0B loading
results in a 1.5% reactivity penalty and the cumulative effect of the worst case mechanical

* configuration results in an additional 1% reactivity penalt) from the nominal configuration.

Table 6.4-5 also shows that reactivity decreases monotonically with decreasing moderator
density, and the optimum moderator density is at I g,'cc. Under normal conditions involving

loading, drpining and drying, the maximum k,n including bias and-uncertainties is M. The
CSAS output file (including an input listing) is shown in Figure 6.7-1. In the off-normal or
accident situation involving fuel failure and moderator intrusion, the maximum kf, including
biases and uncertninties, is k.". The CSAS output file (including an output listing) i•, shown
in Figure 6.7-2 Thus, the NAC-MPC transfer cask containing 36 Yankee Class fuel asemblies
of the most reactive type in the most reactive configuration is well below the 0.95 NRC
criticality safety limit, including all biases and uncertainties under normal, off-normal and
accident conditions.

6.4.3.4 Storage Cask Criticalitv EUvluation

Under normal conditions, moderator is not present In the storage cask. |lWm¢'er, a4ccsb to the
environment is possible via air inlta and the convective beat transfer mmulm bctvcen the

canister and the storage cask steel liner. This access pro,,des pathW for moderator intrusitn
* during A flood Off.normal conditiona esaluate moderator intrmion into the convetiv, hlcit

6.4A
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transfer annulus. Under accident conditions, it is assurned that the canister confinement fails and

moderator intudes, into the canister and fuel cladding.(100"h Ml failure) is evaluated along with W
moderator density variation. The accident condition analyses also ý the effect of
i'terior/exterior moderator density variations.

Using the torage cask criticality model, an evaluation is performed of moderator intrusion into
the heat transfer annulus under off-normal conditions and into the canister under a.ccident
conditions. Table 6.4"6 shows the storage cask multiplication factors at various conditions.
Under normal d&y conditions, maximumn.k, including biases and uncertainty, is , which is
well, subcritical. The CSAS output file (including an input listing) is shown in Figure 6.7-3.
Unde" off-normal conditions involving flooding of the heat transfer annulus, the krof the cask is
even less. Under accident conditions involving full moderator intdusion into the canister and fuel
clad gap, the maximum ky. of the cask is P.M . The-CSAS output file (including an input
listing) is shown in Figure 6.7-4. Similar-to the transfer cask analysis, the storage cask accident-
condition moderator density study evaluates a monotonic decrease in reactivity with moderator

density inside and outside the cask. Thus, the NAC-MPC storage cask containing 36 fuel
assemblies of the most reactive Yankee Class type in the most reactive coidfiguration is well
below the 0.95 NRC criticality safer) limit, including all biases and uncertainties under normal,
off-normal and accident conditions.

.. ft- -- _ -

0
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Table 6.4-1 Assembly Type Reactivity Evaluations

Initial Enrichment In Bssket
Assembly (wt % mU) .k

Westidigouse Type A 4.94 0.8642 0.00105
Westifighouse Type B. 4.94- 0.8664 0.00102

United Nuclear Type A 4.00 0.8974 0.00087
United.Nuclear Type B 4.00 0.2974 *0.00106

Exxon Type A .4.00 9'.8,70 0.00111
Exxon Type B 4.00 0.8877 0.00111
Exxon.Tpe B'4.0 0.893877 0.00111

Combustion Engineering Type A 3.90 0.8943 0.
Combust.on EngineeringType B 3.90 0;8939 0,00163

Reconfiguired Fuel Assembly 4.00 . 0.6280 0.0007

Table 6.4-2 Basket Tolcrancc Reactivity Evaluations

Analysis kf cr Akfr

Nominal 0.8981 0.0007
Fpe! Tube Maximush Open.ng 0,9018 0.0007 0,0037
Fuel Tube Minimum Opening 0.8916 0.0007 -0.0065

Disk Maximum Opening 0.8972 0.0007 -0.0009
Disk Minimum Opening 0.8991 0.0008 0.0010

Disk Maximum Thickness 0,8987 0.005S 0.0006
Disk Minimum Thickness 0.8972 0,0008 -0.0009

Lo-' Packed Disk Opening 0.8974 0.0008 -0.0007
-Close Packed isk Opening _0.8"3 0.000.7 * j12

U
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Table 6.4-3 Fuel Movement Reactivity Evaluations 0
Boundary - -

Assembly Condifiof .,

Movement
Nojminal Reflective 0.8981 0.0007 -

Upper Right Comer Mirrored 0.8954. 0.0007 -0.0027
Upper Right Comer Periodic 0.8943 0.0007 -0.0038.
Lower Left Comer Mirrored 0.P977 0;0007 L0.0004
Lower Left Comer . Periodic 0.8978 0.0008 -0.0003
Upper.Left Comer Mirrored 0.8963 0.0007 -0.0018
Upper Left Comer Periodic . 0.8961 0,0008 -0.0020

Right Side Mirrored 018949 1 0.0007 -0.0032:,

Right-Side Periodic 0.8951 0.0007 90030
Left Side Mirrored 0.8978 0.0007 -0.0003
Left Side Periodic 0.4972 0.0007 -0.0009

Table 6.4-4 Tube Movement Reactivity Evaluations

.Boundary
Tube Movement Conditions ki A1

Nominal Reflective "0.8981 0.0007 -

Upp'er RightCorner Mirrored 0.8999 0.007 0,0018
Upper Right Comer Periodic 1.80979 0.0007 -0.0002
Lower Left Carper Mirrored 0.8984 -0.0(18 (1,0003
Lpwer Left Comer Periodic 0.8962 0.A007 -0.0019
UpperLeftCorner -- Mirrored 0.8991 O.O00 0.0010
Upper Left Comer Periodic 0.8959 0.0007 -0.0022

Right Side Mirrored 0.9005 01,008 0,0024
Right Side P- eriodic W.9 6.. 0.0007 -0.0015
Left Side - Mirrored 0.8968 0.0007 .0.0013
Left Side Periodic 0.8976 0.0007 .0.0005

0
6.4,8
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Table 6.4-5 Criticality Results for Transfcr Cask

"m ... H20 HI-I

Cask Inside *Outside
Pitch Basket (density (density s°B in

a(c). Cozifigumtion. g/cc) g/ce) BORAL kff. a. 1k1

319.71 Nominal 1.0 1.0 100% 0.85035 0.00076 PJAWS4
319.71 - Nominial 1.0 1.0 75% 0.86504 0.00070 PO-t
319.71. WorstCase 1.0 1.0 75% 0.87422 0.00076 P4912
319.71 Worst Case 1.0 0.0001 75% 0.87488 0.00076 *AM.
319.71 Worst Case 0.8 0.0001 75% 0.82355 0.00074 03.416
319.71 Worst Case 0.6. 0.0001 75% 0.76550. 0.00069 J.YJI5
319.71 Worst Case 0.4 0.0001 75% 0.69378 0.00064 9.7118
3)9.71 Worst Case 0.2 0.0001 75% 0.60267 0.00051 0.6PA6
3r9.71 W.prst (pse 0.1 0.0001 75% 0.55065 0.00042 P4..#
319.71 Worst Case 0.05 0.0001 75% 0.51859 0.00034 P..365

319.71 Worst Case 0.01 0.0001 75% 0.46634 0.00032 P;.443
319.71 Worst Case + 1.0 1.0 75% 0.88403 0.00074 .MD I,

Water in Gip

1. Includes ahk of 0.40( da to radial movement ofM Iel asmnby towvd a6 ettendtet.

0
6.4,9
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Table 6.4-6 Criticality Results for Storage Cask

fH20 1HIO'
Cai•k Inside Outside
Pitch Basket (density (density
(cm) .,Configuration gie:) g/le) 10B k ak

4572 Nominal • 0.oo0 0.0001 75% 0.43088 0.00029- p4,M I
457.2 Worst Case 0.0001 .1.0 75% 0.39800 0.00030 M .

_457.2 Y o~ooor 0.8 75% 0.39906 0.00031 IW
457.2 04.001 0.6 75% 0.39869 0.00Q32 I
-457.2" 0.0001 0.4 75% 0.40071 0.00031
457.2 " 0.0001 0.2 75% 0.40963-.00031 1.4
457.2 0.0001 01 75%"' 0.42134 0.00031 1 -
457.2 0.0001 0.05 755S 0.42924 0.00031 P 1
457.2 4_ -04)001 0.01 75% 0.43241 0.00030
457.7. Want.Case + 1.0 1.0 75'% 0.88376 0.00072

water In gap 1
457.2 0.8 0.8 75% 0.93•228 0.00072 P.011503
457.2 -0.6 0.6 75% 0.77378 0.00068 q0.79It
457.2 " 0.4 0.4 75% 0.69781 0.00062 0.715"
457.2 " 0.2 0.2 75% .0.59996 0.00053 P.6179
457.2 " 0.1 0.1 75% 0.54264 0.00042 PSW
457. " 0.05 0.05 75% 0.51048 0.00036 P.524
457.2 " 0.01 E20 1 75% 0.6246 0.00031 Q.41 -

-....- -- ----

S

L

1. Includes heat transfer annulus -region.
2. [-cudes.a .of60.004 dtm to.radial movement otf ,yA-. g. c'w T e,.• ,

6.4-10
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0. 5 C ritiW .i hmw EV ments

This siction provid•s the validation of the CSAS25 criticality analysis sequence contained in
Vorsion 43 of.the SCALE package. This validation is required by the criticality safety standards
ANSYJANS-8.t Tle section describes the method, computer program and cross sectioni libraries
used, the experimental data, the qras of applicability an the bias and margins of safety.

ANSI/ANS-8.17 prescribes the criteria to establish sub-criticality salety margips. Thiscriteda isas

follows:

where,

k. = the calculated allowable maximum multiplication factor, kf, of the system being

evaluated for all normal or credible abnormal conditions or events.

the mean kff that results from the calculation of the beichmark criticality
experiments using a particular calculational method. If the calculated k.r for the
criticality experiments exhibit a trend with a parameter, then k, shall be
deterrirned by extrapolatiofn on the basis of a best fit to the calclated values. The
criticality experiments used as benchmarks in computing k,l should have physical
compositions, configurations, and nuclear characteristics (including reflectors)

similar to those of thesystem being evaluated.

Ak, an allowance for:

(a) statistical or convergence uncertainties, or both, In the computation of k,
(M) =ateual and fabrication tolerances, and
(c) geometric or mterial representations u.ed in the computational miahod.

* a margin for uncertainty in k,, which includes allowance for:.

ta) uncertainties in iwe critical cxperiments,
(bM statistical or-conrcrgencc uncertainties, or both, in the comput tion of l,
(Mi uncrtaintier due to extrapolation of k, outsido the rangc of experiniental

Sdatal.and

- 6.1;.
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(d) uncertainties due to limitations in the gednetrical or 0
materi representations used in thq computational method.

Ak. - an arbitrary rgin to ensure.the.subc'iticality of k.

The various uncertainties are combined statistically, if they arm independcnt. Correlated

uncertainties are combined additively.

The above equation can be rewritten as:

k'l5 I -A36k- A(j- 0(J-)- A (2)

Notipg that the NRC requires at 5% subcriticality margin (A&k - 0.05) and the definition of the
61 as ( I3 l-kj, the above equation can then be written as:

k,5 0.95- 3- P- AP (3)

where A6P = h. Thus, k, (the maximum allowable value for kIT) must be below 0.95 minti the
-bias, uncertainties in the bias and uncertainties in the system being analyzed (i.c. Monte Carlo,

mechanical and modeling). This is an upper safety limit criterion often used In the DOE

criticality safety community.

Alternatively, this equation can be rwritten applying the bias and uncertainties to the ko of the

system being analyzed as:

k, ÷ 4k, + P• + 4,; : 0.95 (4)

In equation 4, k,, replac3 kI, and k, has been redefined as the effective multiplication fator of
te system being analyzcd, including the method biW and all uncertainticei. This is i maximumi
calculated 1cdtcrtia often used in LWR speni fuel storage and tranport analyses.

Both 13 arA 6 are tvaluated below for KENO-Va with the 27 group ENDF.134V library, for
In criticality evalualions of LWR fuel In storase and t=port caskcs.

10
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* 6.5.1 Bkrjl1uark E rments ar ApplicAbility

The criticality safety method is CSAS. embedded in SCALE version 4.3 for fbe PC. CSAS,.
incls: the SCALE Material Information Processor, BONAMW, NITAWL-JI, and KENO-Va. The
Material Iformition Processor generates number densities for standard compositions, prepares
gefoity .data for resonance self-shielding, and creates data input files for the cross section
process•ng codes. The BONAMI and NITAWL-II codes wre used to prepare a resonance-corrected
cross section library in AMPX.working format. The:KENO-Va code calculates the model kIf using
Monte Carlo techniques. The 27 group ENDFIB-IV neutron cross section library is used in this
validation.

6.5.1.1 Dscrintion of Exopriments

Sixty-three critical experiments were selected; nine Babcox and Wilcox (B&W) 2.46 wt % ̀ 'U fuel
storage (Baldwin), 10 Pacific Northwest Laboratory (PNI4 4.31 wt % mU lattice (Bierman, 1980),
21 PNL 2.35 and 4.31 wt 0/0 `U with metal reflectors (Bierman, 197Q & 1981), twelve PNL flux
trap (Bierman 1980 and 1988) and 11 Valduc Critical Mass Leboratory (VCML) 4.74 Wi % M"U

S experiments, some involving moderator densit) variations (Manaranche). These experiments span
a range of fuel cnrichments. fuel rod pitches, neatron absorber sheet chanicteristics, shielding
materials and geometries that are typical of LWR fuel In a cask.

MY: experiments arm evaluated using three.dimensional models, as close to the actual expcriment as
Possible, to achicve accurate-results. Stochastic Monte Carlo error is kept withn &0.1 pcr,-nt by
executing at least 1,000 neutrons/generation for more than 400 generations.

6.5.1.2 A4Dliebiilvot' Expeimients

AUl of the experiments chosen in this %ajidation Are applicable to either PWR, nufn YazWr=
Cl*s, or BWR fuel. Fuel endclhnents ha'v covcred a range from 2.35 up to 4.74 wt % "Vi typical
of LWR f.el presently usd The experiment fuel rod and pitch arca;tenisi0 arc within ft r4mte

of standard PWR or BWR fuel wds (izc. pellet dimetm firn 0.78 to I.Zcm rod outs*4td w
from 0 95 to 1 88 cm and pitches from 1 .26 to 1.87 cm). This is pailicularly truc of the VCML
(PWR trd typae) 0-A %&W 'xperimcnts (BWR rod t•,e). The -U volume ratics of the
experimental fuel arrays arc tithin the range of P\VR fuel oscmblies 0I.6 to 2.32) Ad D\WR fuelO as.semblies (1.6 to 1.9).

65.3
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H E R .. .. --""- ---I

Expcriments:i the geoeiac and neutron abborbcr sheet arrangements typical of NAC basket

designs. flux trap gap spacings of 3.81 cm such as in the NAC-STC basket, and gap

spacing as low as 1.91 cm as in die NAC.MPC 4.. The 12 neutron absorber loadings are also

typical of NAC basket designs (0.005 to 0.025) . The experiments [ the influence of water

aznd metal rcfl.'tor relgion, in,-udin); ,tcd ind lcd. hihh = present in storage and transport cask

shielding.

Confiden,.c in prcdi%.tinl; §_.!Y. inluding bit tnd unccrtaint), has been demonstrtcd fur
LWR fhel with enrichments up to 4.74 MI,% 'O"L and, .

[ iic5-' 4, confidence fEickxpolating.u' to 4.94 wt % i"t' J" . Confidence in predicting

. t c ,fty hs becu Jemountratd fr itorag antl tramnpor• ,rrab ming flux trap or .iag•1c neutron

sorbc hershcet or simr'. --p,•.ing criti.afit. .'ntrol. Confidenc in predicting EiWI has bern

Jemunstrated t;r LWR Iuel M.tr.aj;e anJ Ira t', arp,, neixt to %ater ond metal reflector r•giomn.

6. 5. J'IPC%u~t IQ0-IFh-MrK aCoklqtplan%

The k-le --ti-vc result, fIor the ei;.pcnnint. arc -hu1own in TlIble 65•5l. and 4 fIequency 4.itnlution

plot i, proeid in f igur 6.5.-1 1 tv, wt% ol'as., a pre-.cntJd Set I -&W Set 2 - PN- lattice.

Set 3 - PNL rcflc~tor. 'sct 4- PNI. flux trip and St 5 • V('ML cunlical cxperimcnt%.

Pic o'crall ierage•and %,tn4jard d&,,ttn of the •a~it, thrj t vs I) Y)94S 0 }.0044. 1he a¢cra1 e
Monit Ca'lo crror o-tiatmtu4. ,.,trieca i sn. , I, .1- 6, r the s•,sq)-three fa.c% Thi- unrxlint),

•.ornponcnt r1 %tatisti..Jdb tubitaoJ Irtin Ikh unmr.iitiaon btv,a;wc it vA prCmiul) inludd in tb.:
atbcw %antuar' d,, h ,tl ,.n , I ..N th( m~ cl-% am f1cJimnmenwTohril. tull% ,¢ pli;;it
repivnitia"wA lilt ~tsu'nroi~n .the c'iponwib.rl IN.omethTeetrii pctuaýtu

1%-94
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toli•itationsof g*ometrical modeling, is taken to be 0.0. The experiments modeled cover the range
of fuel types, enrichments, neutron absorber configurations, neutron absorber '0B loading and-metal
reflector effects, so there arm no extrapolations necessary outside of the range of data, and the
uncertainty due to this.is also taken to be, 0.0. Based on the repcrted-experimental error for the
B&W cases, tbk report'error of the critical size number of rods for the PNL cases and the
reported error for the critical height inthe VCML cases, the experimetal error is conservatively
taken to be *0.001. Criticality can then be represented as 1.0006M.001. This mcetnty
component is statistically added to the sum of the other uncertainties because the bias is the
.difference between two random vaiates (Le. criticality and code prediction Wnd the uncertainty in
the difference between two random variates is the statistical sum (rns) of their individual
.uncertainties).

Thus, the bias or average difference between code calculated and critical is 1-=1-0.9948 - 0.0052.
The uncertainty in dhe biasaccounting for the statistical convergence (Monte Carlo error) and the
uncertainty in criticality is (0.00441 - 0.00122 + 0.0010")I = 0.0043. For 63 samples of criticality,
the 95/95 one side tolerance factor is 2.012 (Owen). This results in a 95195 one-sided uncoaInty in
therbias ofAP=2.012xD.0043-.0087. Equation 4 now becomes:

k,•+ Ak, + 0.0052 + 0.0087 : 0.95 (5)

where •Ak become4 the uncertainty in k, due to Monte Carlo error, mechanical and material
tolerances and geometric or material representations. If the nominal representation of the bystem
Is evaluated for k,, then the mechanical and material pertrbation can be evaluted independently
and can be combined statistically as the root sum of-squares. If the worst case mechanical and
mater.ia tolerances =rc used in the calculations of , (e. g., the most reactive positioning of fuel or
basket components and 75% of Wpus* " boron loading), then h becomes 0.0 and

the Monte Carlo error, o,, can be combined statistically, since it Is independent, with the
uncert.ainty In the bias as:

k,• + 0.0052 + 40,0087'+ (2g)t 9 0.95 (6)

I

6.5.5
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6.5.2.1 9
Scattd plots of kff versus wt % rnU, rod pitch, HA) volume ratio, average neuton.group causing
fission, 1B loading for flux trap cases, -and flux trap gap thickross are shown in Figures 6.5-2
th-ough 6.5-7. Included in these scatter plots are linear regression lines with a corresponding
correlation-coefficient. This statistically, indicates any trend or lack therbof In particular, dhe
correlation.coefficient is a measure-of the linear relationship between k,c and a critical. expermentr
paraneter. Ifr is +1, a pe.ect linear relationship with a positive slope is indicated, and if r is-1, a
perfectlinear relationship with a negaive slope is indicated. When r is 0, no linear rlationr&hip.is
indicated. The largest correlation coefficient indicated in the plots is 0.1302 (ice verus
enrichmaent) and the-lowest is 0.0049 (ke" versus '0B loading in flux trap experiments). Based on
the correlation coefficients, no statistically significant trends exist over the range of variables
studied. Most importantly, no trend is shown with flux trap gap spacing and/or 'B loading. This is
the major criticality control feature of the NAC-STC and the NAC-MPC basket.

thec i~_ 0o~i6 1-,aOrd0M tR1

4 of. .NO;.W .. .•c i -

I bcvebrnSm

6.5-6
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7.0 CONFINEMENT

TA NAC-MPC transportable storage canister (canister) provides confinement for its radioactive
contents in long-term storage. The confinement boundary is closed by welding that. present; a
keWk ight barrier to the release ofcontents in all of the evaluated normnal, off-normal and accident
conditions.

Th7e NAC-MPC canister contains-an inert gas (heliuni). The confinement boundary retains the
helium pnd also prevents tha entry of outside air into the NAC-MPC. The exclusion of air
precludes degradation of the fuel rod cladding over time, .due to cladding oxidation failures.

The NAC-MPC canister confinement system meets the requirements of 10 CFR 72.24 for
protectiog of the public from release of radioactive material, and 10 CFR 72.122 for protection of
the spent fuel contents in long-term storage such that fiuture handling of the contents would not
pose an operational safety concern.

:%
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• p 7.1 COO• et Dond

Couifinemcnt of the .contents. in Iong-te.m storage is provided by the transportable storage

caister a T7e welded canister N forms the confinement vessel.

The primary confinement-boundary of the canister consists of lk canister shell, bottom closure

-plate, shield lid, the two (2) port covers, and the welds that join these components. There are no
bolted closures or mechanical seals in the primary con .nenmct :boundary. The confinement
boundary welds are described in Tabfr7.1-1.

7.1.1 Confinement Vesse!

The canister consists of three (3) principal components. the canister shell, the shield lid, and the
structural lid. The canister shell Is a right cirlar cylinder con~t-ucted of 5/8-inch thick rolled

Type 304[, stainless steel plate. The edges ofthe rolled plate are joined using full penetration
welds. It is closed at the bottom end by a l-incthick circular plate joined to the shell by a fidl

penetration weld. The inside and outside diameter of the canister are 69%39 inches and 70.64
inches, respectively. The inside length Is 121.5 Inches. The overall external length of the
canister is 122.5 Inches. The canister is fabricated in ncordance with the ASME Boiler and

Pressure Vessel Code 31, Section III, Subsection NB, except for the top end weld M and

their 6110= M examinations.

After loading, the canister is closed at the top by a shield lid and A structural lid, The shield lid is
a S-inch-thick Type 304 stainless steel plate. It Is joined to the canister shell Using a field
Installed bevelweld. Th. shield lid contains the drain and fill penenations and prmvides gammro

* r-diation protection to the opcratom during the draining, doing and Inerting ope-tcions. Aftr
the sWield lid Is weldcd In place, the Caister Is Pesr tested n•d ka! lested to enswue

7.1-1
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caktightnes. Following. drrIning, drying and inc'rting opern•ons, the penetrations are closed

with Type 304 stainless steel port covers tha ar welded in place with bevel weld. The Or
operating procedurce describing the handling step. to-close the canister are presented in Cha

8. TIh.pf.ssure and leak test procedur•s-are described in Chapter 9.

A secondary, or redundant, confinement boundary M is M at the top: orthe canister

by I structural lid, which is placed over1he shield lid. Tie stcualid is'a 3-ihch thick Type

3041, stainless steel plate. The structural lid provides the £ttachnmcnt points for ifiing the loaded

canister. The structtral lid is welded to the shell us-ag a field installed bevel -weld. The weld

specifications and weld inspection and acceptance criteia are presented in Sections 7.1.3-f:and

7.1.3.1, respectively.

The confinemtertboundaries ar,/shown in Figure s 7.1-1 and 7.1-2. As illustrated in Figure 7.1-2,

tae secon• onfinement bouwdary includes: the structural lid, the upper 3.5

inches of the canister shell and thejki -Wid. This boundary provides additional assurance of
the leaktightness of the cani.ter during its service life.

7.1,1,4 Desin Documents. Codes. and Standards

The canister f con-tructcd in accordance with the license drawings presented in Section 1.5.
The principal Codes and Standards that apply to the N design, fabrication and assembly are
dtscribod in Sections 7.1.1 and 7.1.3 and ore shown on the licensing drawings. Other Codes and
Standards are applied as appropriate In the design or specification of the canister.

7.1.1 .1 Technical Retuirements for P taniste ._

The canister confines up to 36 b Yankee Class fuel assemblie
.=10 q-MRN Over Its 50-year design life, the

canister precludes the Mclease or radioacthe contents and pe'cludes die entr) of air that could
potentially damage the cladding of the stored spent fuel. The design of the cWster to the
req4rements of ASME Section III. Subsection NB, ersures that the canister maintains
confinentent In all of the evaluated normal, off-normal, and accident conditions.

7.1-2
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The design of -the canister allows the recovery of stored spent fuel, a should that become

neesay.

The cani3W has no exposed penetrations, no mechanical closures, and does not employ seals to
maintain confinemefit. There is no requirement for continuous monitoring.

The design basis paan~eters for the Yankee Class fucW Ml are presented in Section 1.23. The
design criteria that apply to the ;anster, as an element of the NAC-MPC dry storage system; are
presented in Table 1.2-1.

a

7.1.1.1 Rele Pte

no primary confinement boundary is formed by a stainless steel plate joined by welding. The
welds are visually inspected, nondestructively examined, and pressure tested to confirm integrity.
Consequently, the confinement boundary is iM leaktight. There is no maximum allowable leak
rate specified for the NAC-MPC canister, as leakage to any degree up to the level of sensitivity

of the leak test, is not acceptable. However, to demonstrate leaktightness of the shield lid, a leak
~~based on - "

ILI'

7.1.2 .Q.ofinement Penetrdatons

Two penetrtions (with quick disconnect fittings) am provided in the Wseild lid for
operator use One penetration is =4ed for draining ridua water from the canistcr. It connects

to a drain tube that extends to the bottom of the canister. The other penetration CXtend3only to
the underside ofthe shield lid. It is used to introduce alr, or inrt gas. into the top of the canister.

* Once draining is completed. either penetration may be uscd for %acuum drying and backfillina
with helium. Following backfilling. both penetratio• arc closed with port coven tLat arm I

7d.3-
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welded to the shield. lid. When the Port covers are in place, the pppe-atibns are nat accessible.
These port covers are subsequently enclosed md covered by the structuril lid, which :is also
welded in place. The itructurul lid and the remainder of the canister have no penetrations.

7.1.3 san W ed

This section describe% the process used to prop the the confmement vessel M Weld
procMsses and acceptance criteria am describe, in Sections 7.1.3.2 and 7.1.3.3.

Thee ar no elastomer or metallic seals-used in the confinement boundary of the canisterE.

7.1.3.1 Edtlifn

All cutting, machining, welding, and forming is in accordance with Section HI, Article NB40DO

of the ASME Code, unless otherwise specified in the approved fabrication drawings ahd
specifications consistent with the exception to the code described in Section

••. License drawings are provided in Section. 1.5. ASME

code stamping-of the can' ster is not required.

7.1.3.2 3•Jlding S2cfltions

The canister • assembled using longitudinal ,welded joints in the

shell ,rnd ciruumferential weldedjoints at the bottom plate/shell junct.

These welds are in accordance with ASME Code Section IX. The full penetration

weld joining the catnister shell is radiographed in accorda•nce with ASME Code Section V,

Article 2. The weld jcinin the bottom plate to the canister shed Is ultrasonically inspected in

accordance with ASME Code Section V. Article 5. The cceptance critia for t hs welds is as

specified In ASME Code Section ilt t" NB-5320 and NB-S330, respectively. KA I"

Afer loeding, the ministet is closed by a shield lid and a structural lid wsing field insalled bUvel

wulds.

7.1-4
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* After the shield: lid is welded in place, the canister is presur
tested. Following draining, drying and inerting operations, the arc closed
with port covers that ar welded in place with bevel welds. The shield lid and port cover welds
.rc liquid penetrant in accordance with ASME Section V,
Article 6. 1 Acceptance is.in accordance-with ASME =Section III, j1 NB-5350. The shield
lid to canister shell weld is liquid penetrant O root and final passes in accordance
"ith ASM.E W Sction V, Article- 6, and is pressure and leak tested to ensure le.ktightness.
The operating procedures describing the handling steps to seal the canister are presented in
Chapter 8. The pressure and leak test procdures arc described in Chapter 9.

A secondary, or redundant, confinement boundary is provided at the top end of the canister by a
structural lid; which is placed over the shield.lid; The structural lid is welded to the shell using a
field-installed bevel weld.

-- _ .S

All welding procedures are written and qualified in accordance with Section IX of the ASME
Code Each welder and welding operator must be qualified in ac••ordance with Section IX oi the
ASME Code.

V Z'

7.1.3.3 Leg Ujnn, sI etion, aMd Egamination0

The following tests arm performed to ensure satisfactory performance of the confinement vessel:

I. All componentO arc visuplly examined for conformance with the fabrication drawings.

2. All welds that Qar directly visible am visually examined In accordance with the
requirements of ASME Code Sct;ion V. Article 9.to
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3. The acceptance standards for visual examination of the canister * welded joints arc as
specified in ASME Code, Section I11, 1 NB-4424 and NB-4427. Unacceptable weld
defects are repaired:in accordance with ASME Code Section III, Subarticle NB-4450,
and visually re-examined.

4. Canister f1 welds designated to be examined by r.diographic examination are
examined in accordance with the requirements of Section V, Article 2 of the ASME
Code. The minimum acceptance standards for radiographic examination are as
specified in ASME Code Section III, N NB-5320. Welds designatcd for ultrasopic
examination are examined in accor-dance with the requirements of Section V, Article 5,
of the ASME Code. The I acceptance standards for ultrasonic exaninatlon are as
specified in ASME Code Section III, [j NB-5330. Unacceptable defects in the welds
are repaired in accordance with ASME Code Section III, 0 NB-4450, and re-
examined.

5. A written report of each weld E is prepared. At a minimum, the written
report includes: identification of part, material, name and level of examiner, NDE
procedure used and the findings or dispositions, if ay./

6 All personnel performing nondestructive testing are qualified in accordance with
American Society of Nondestructive Testing Reconmiended Practice No. SNT-TC-IAA.

7. Individuals qualified for NDT Level I, NDT Level 11, or NDT level III may perform

nondestructwe testing. Only Level I! or Lceil IIl personnel may interpret the results
of examination or make determination of the acceptability of examined parts.

,jhe vendor *.. comple'cl, PM e the canister M prior to shipping. The pinpose of
assembling the canister is to ensure that all Items spccified have been supplied and to
test the fit of the shield lid assembly including drain tube and the structural lid=

•, A helium leak test is used to vcrity that the

RiRZ- leatight. The containment vessel is pressured to 22 psia through the
either the drain port • to leak test the shield lid to canlter shell weld l, The
sensitivity of the helium leak test shall bk at bast 0 ' '11- - ----,so as to
demonstrate a leakage rMte not greater than 9. TE _M M- . Any indication
of a leak is an unacceptable condition and must be rcpaIrcd,

7.1.6
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~~~7.1.4 cou

The pimary closure o'`the transportable storage canister consists of thcwel4cd shield lid and the
two (2) welded por',cov.rs. There arc no botted closuies or mechanical seals in-the primary
closure. A s.or',ary, • closure is provided at thc top end of the canister by the
structurl lid. The structural lid, when welded to the caniste shell, -fidly encloses the shield lid
and the I port covers.

7.1-7
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Figure 7.1-1 Transportable Storage Canister Primary and Secondary Confinement Boundaries
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7.2. &4rt• t, &o NormW .CoidJdo, gflrjur

Th, cWistr Is ftwlef(,.cd o a 9 ,lic-1l Co=-M: Srsge cask using & tra.sfcr csk. Ding Nhis
ft,•f,:r 1k cr Is subJct aoi bMh fling loas.f The oluAtion of the anist• for om'l

hxrlrljbg lo09 Is povided iin Ch3pr 3.0. Thd pdrncipi desipn crtiria for h&j NAC-MPC
SySICM Me Providcd In Chap•er 2.0.

0= Ox Mh aiser N is pLwcd inside of 1he vealics concet stompg Cask it is cffcctvcly
prolected from diret loading due to naruw1 phcopmrna, sth As wind, oWW aNW Ic'e loading,
Th9 pdipal direct loading for nor•ma ope•a.,ing conditions via*i from Incremed It•ern,
presUwuUSCd by d=cy hoat. solar~ Insolaifov, and Ambient tcmpcraturt. The norma optring
ntc .P==r Is MelUxd In ChOatr 3.0, M ,eSCribed In Section 7.2.2.

7.2.1 •ls •f.dio•,i,.- _I4•erla

The sIMItv•I #yslS of •th c•aMsWr for nonmal conddons of storapg ita is pS=ted In
SecOn 3.4.4 shows that tk cai=Ser is not briaced In Any of •th norml op.mting Ae'tg.
Consequently. thft Is no trl•de ofradi03Wiv* m3e1,631 du* nomwl Condidonfa orts.-mp.

722 Pg ino te l f l d e l

and ~ ~ ~ ~ ~ ~~1 mtdn h ccr~np~cwt nsrice. tha himewnl A-wwtt- Increasc dim
90 agiijrcx s in aRM90erafesf th k~cjum Wn due to thm po-zwjstd ftilur of fucl rod ctadum

~w~v4 ha ~ fIkAWVJ It theI-d G~~a~ A ~~a£~~~~t thd CNUA

g11'4 11i t AS MWk~ 1- ti%4 Ma.i t'I. fth Int3c (la that $I wwzj ti ~taf L~itt

t ,. I
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The CIstmr. shield lid, fittingp, &Wd the cmiswe ba.-kct W sU fabricated from ma-eals What
&o not re#t with ordh)Wr or borated spent fuel pool water to gnerate gags. The aluminum We.t
trsfer disks, fuel tubcs, Wn BOSRAL plates used for criticality conhol arc gotected by an oxide
film that forms shortly after fabrimion. This oxide Iyer effectively precludes fumscr oxidation
ofde & numIntun components or otberreanton with water in te wa'ster at tempcrature. less *An
2000F, whieh Is bghr than the ypi&!c spent fuel pool water temperature. Ho stee-ls requiring
prouctlve coatings or paints ore usedin iAe €Caistcr, shield lid, fittingp, or bask Therefore,
theme 8re no Prective coatlings or Fi:nts present 1W could interact with water to relelm gasm.

The calculation of the cmister pressure based on normal storage conditions Is pnrseted in
Section 3.4.4.1.3 mnd Is 115 p•Sg. This pressure is well with t deSn bas IMnerl Pressus=
value of 50 psig- Themn mrv no adverse conlsquemes. due to the intcrnal prsure 'esulting from
nomnal storamc conditions.

Since the nmiter Is vcuum dried and brkfilled with helium prior to slng. d= =r no
signlc.m molsture or goes. such as air. Wht remain In the cnisWer. Consquently, thr is no
pmtenial l•t radilyc d4composition could caue 4A Inrcase In cnister otem. prc -'c or
mr 1 in a build-up of explosive g= in te cAnister.

it % "
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7.3 Confinemnt 1Requiffmmcnt for fivothetica Accident Conditi

The walution-ro the canister for off-orio ! and accid•n• condition loading Is provided in
Sections 3.S 11. 1 w 11.2, rewectlvly.

Once the cWstcr hs placed insido the vertical concrete storage cask, it is effectively protected
rom direct loading due to natural phenomen,, such as seismic events, flooding and tornado
(wind driycn) mis3iles. Accident conditions assume the cladding failure of #ll the uel Ws stored
In te c•intr. Conscquently, there is an increase In canister Internal pressure due to the relcase
of& fraction of the fission product ond charge gass. The accident conditions Internal pressure is
33 psla acastilatcdin Section 11.2.1.

For evaluation puroes. a clAss of accidents identifed as off-nonmal i1 also Conildered In
Section I 1.1. This cl.ss of accidents is not considered hurc. since off.nornw. conditions mre
bounded by the hby-pohetical accident conditions

Ma rfia

* ..

mThq ei~n sito hitnar idOML U dc mh ai ItyrfthcaI xaev;In s. therforc, esta h
rem ihce b~Iy~ T~lr~p)dinc At OTRWnsniniurnbum~yrdb
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S 8.0 OPERATING PROCEDURES

This chapter prpvides general guidance for using th; NAC-MPC for storage operations. -Urme
operating conditions arm addressed, The first is -loading the transportable storage ccnister

Sinstallipg it In the vertical concrete cask. -0k and Izanferring it-to the
storage (ISFSI) pad. The second is the removal of the loaded canister from the concrete cask.
The IhWd Is opening the canister to remove speat fuel L In the unlikely event that this should be
necessary.

The operating proced•w. for trarisfrring a loaded canister from * F0c cask to the NAC'-STC
transport cask is described in Section 7.2.2 of the NAC.STC SAR.

Users arm expected to develop sitc.spccifrc procedures that incorporate the requirements
presented here, consistent with the Operating Controls and Limits presented in Chapter 12. In
addition. supplemenl,' shielding may be employed to reduce radiotion exposure for certain of the
task; specifiedlby these procedures. Use of supplemental shielding is at the discretion of the
user.

Operation of the NAC.MPC system requires the use of ancillaq, equipment items. The ancillary
equipment supplied %ith the system is shown in Table 9.I-i. The system does not rely on the
us= of bolted closures. but bolts are ed to secure retaining rings an lids. The hoist ins$ Use
for lifting thc shield lid and canister have threaded Witings. Table 8.1-2 provides the torque
values for installed bolts and hoist rings.

The design of the NAC-MPC is such that tie potential for spread of contmiration during
handling and futur tre mport of the canister is minimized The caobu*et cask is constucd of
new ma:erialk Thi cAnister i% loaded in the spent fuel pool. but is protected from gross
v ontaut wdth psol %,mr by ajyckct of clean 'alcr whilt it is in the tmnsfcr cask. Only tm top of

the v"rn ••mster i% cpo•sed to conwinmnawd pt watr The top of th carnise is closed by the
strctural l14. whjwh is not conitminawd whon it is installed. Consequently, the coister cx:crnal
sut•Ace se.cxpcctW• to bc esswally dlean

When tusd in =aWrOUX¢ with the', promedurm tho u.=r dose is ALAR%

S
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8.1 • Lodding the, NAC.MPC Stor=ae System

The NAC-MPC storage system consists of thrc. principal componcnts; the transportable s.,orage
canister (canister), the transfer cask, and the veffical concrete cask ( cask). The transfer
cask is used to hold te conister during loading and wii-Jc the canister is being closed and scaled.
The transfer cask is also used to transfer the.canister to the i cask and to: load th; canister
into the transport cask. The principal handling operations involve closing and sealing the
canister by welding and the i cask.-

This procedure assumes that the canister with an empty basket is instalcd in the transfer cask,
that the trnsfcr cad" is positioned in the decontamination area or other suitable work station. and
that the ". concrete cask is positioned on a henvy-Ixul ansporter in the cask receiving area or
other suitable staging ar•a. The staging areca should be within the handling "footprint" of the
cask handling crane.

to 1i1iii& - - '

8.1.1 Loading gnd Closing the jif t Canier

I Visumlly impect the basket fuel tubes to enswe '. they arc unobstructed and free of debris.
Fpsure tOat the welding zones on the canister, shield and structural lids. and the port covers
we prepared for welding. Fnsure transfer cask door locL balts a=e installed and secure.

2 Flood the canister with clean water until the water is about 4 inchs from the top of the
canister.
Note- Do not fill the canister completel) in order to aoid spilling ,-,otcr during iho trnsfet

,0 the spent fuel pool.
3. ANAh a clean water line to the Innscr cask.
4 It it is not already attached. attach ithe transfcr c€sk lifting )okc to the cask hantAlinO crane.

and engage the rnsfer a•k lifting trun•ons.

Nown Nt* empera='aof fte wmfinfr ZKOa*3e. t am -C

5 Raise th• trm fer cask And maim At over the pool, following the p=resribed Ael path
6 Lower the tansfr ask to the pool surlitce and tiun on the clean s~ait line. t flood Ihe

wMiUM betwe~m the twsntlir cask and vniger.

8A1-
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7. Lower the transfer cask as the annulus fills with clean water until the trnninons are-at the
surface and hold that positjon until clean water fills the remainder:of the canister and
overflows the sides of the ransfer cask. Theui lower the transfer cask to the bottom of the
pool cask loading area4

Note: If an Intermediae shelfis used to avoid wetting the cask handling crane hook, follow
the plant procedure for use of the extension pice.

S. Disengage the transfer cask lifting yoke to provide clear accws.so the canister.
9. Load the previously designated ful assemblies [. into the canister.

10. Attach a three-legged sling to the shield lid using the swivel hoist rings.

1I. Using the cask handling cran, og auxiliary hook, lower the shield lid until it rest$ in the top
of the canister. Note the time that the shield lid Is installed.
Note: Ensurebthathe shield lid key slot aligns with the key welded to the canister shell.

12. Raise the transfer cask until its top just clears the pool surtace, Hold at that positiop, and
usini a.suction pump, drain the pool water from above the shield lid. After the water is

removed, continue to rise the €psk.

1-3. As d•. cask is raised, spray the transfer cask ou-ter surface with clean water to wash off any
gross contamination.

14 When the ca k Ic s clear of the pool surfice, but still over the pool, turn off the clean water
flow to the. i.saus and allow the annulus water to drain to the pool. Move the cask to the
decont~aninal , on are= or other suitable work station.

NoIL A .,.ss to the top of the transer cask is required. A sitable work.platform may need

tn be erected.

15 Verify that the shield lid is level. Decontaminate the top of the transfcr cask and shield lid a3
requlred to v bklg and tni•,on act~ivtie

Note: Supplemcntal shilcdinS may be us•d for activities around the shield lid.

16 Imnrt the dran tube through the drain port of the shield lid into the baskct drain tube secc.
Tcxque the dItub¢ to 125 * S fi-lbs. Install L•mating quick-disconnect fitting in the vcnt

line to open the vent. Remove the hoist rings.
17 Connect the suction pump to the drn port. Vcdfy that the vitnt port b open. Remove

approximately $0 gallons of water from the celster. Disconect And remove the pump.
18. In•tal.he semiautomated wielding-cquipmcat.

0
8'.1-2
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19. Attach the

20. Operate the welding equipment to complete the.root weld joining the shield lid to the canister
shell following approved procedures R.

[]Prepare the weld and perform a liquid penetrant weld examination of the root pass.

22 Complete welding of the shield lid to the canister wall and remove the weld equipment.
PPrepare the weld and perform a liquid pcnetrant weld examination of the final pass.

24 Remove any lines attached to the drain port. Attach an air pressure line to the vent port.
Pressurize the canister to t ..l&•g and hold the pressure. Therc.must be no loss of pressure
for 10 minutes. -

25 Relcase the pressure and visually inspect the •bhield lid to canister shell weld for indications
of id defects. P ="

26 Attach the suction pump to the drain lin,.. Ensure that the vent line is open. Using the pump.
remove the remaining free water from the canister cavity.
N1oto Ste 26 fthugh 95 must be c~pmlejed w4K tiU Lp

27. Remo% any live water in the jmIh port cavity. Install the M port cover.

N~otei ý eiusjeio Tsallh y1~~

2K• Weld the 421n port cover to the shield lid
2q Preprc, the weld and pertfrm a liquid pencant c.eamination of the • port cover weld

.n .na!1i s -- -
It) Attach the vixuum Mqwpmcnt to the Vwt purt loic
I I Opcrabi thg ,anuum cquipmcnt. until 4 ,au.uum t'l .1 mm of merlur, exi.

In accrdanca te wi~ki ltempats~ of Ticlinical clio L~
12 veral) 1h14t nt, %,awtcr rcmlinvo in the ;,m4stcr b) hotldin th 10VACuum for L minutes If taler

Is prznt in the atý. th; prw,,urc I•ill rin a. the ,ater ,aporizes Continuo the
t,,tum-told c) OI until ihre i,. n,' anjiwitcd nwc in prc5w', alter 9 minute%.

It 1.1
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33. Backfill ft canister cavity with helium
34. Restart the vacuum equipment and evacuate the canister to 3"1 mm otmercy

35. Backfill the canister cavity with helium, i pressurizing it to 22.psia

36. Using a helium leak detector, vcrif'j at the shield lid

37. Vent the canister helium pressure to one (I l.almosphere
38 Remove any attachments to the . port fitting. Dry any residual water that may be present

in the Fa port cavity
39. Install the IA port covcj• 'ydT.d the ait port cover to the shield lid.
40 Prepare the weld and perform a liquid penetrant examination of theaN port cover weld [

41. Remove any supplemental shielding used during shield lid closure activities.
42. Attach a three-legged sling to the structural 3hd using the swivel hoist rings.

Note- Verify that the structural it"r,. stamped. or otherwiyae marked, to providc traceability
of the canister contents Vcnl, that the structural lid weld backing ring is in place on
the structural lid

43 Using the cask handling 9C4tr.auxli'zy crane, install the structural lid in the top of the

canister Veriny [hat the structural lid does not protrude above the canister shell and
flir tgltVifyry that the gap in the backing ring is not

aligned with the slucld lid algnment ke, P
44 Install the automated welding equipment on the structural lid.
45. Cotmploc the root weld pas-- joining the strmtiurm| ld to the c nislcr shell.
461 Prepare the vcld and prlorm a liquiJ pe'ctrant examination of the weld root pans RI

k *Ults of, ng c-a 4gtrm
41 Compkctc the remainde: 't hu.

13lfrasolc testins) "40047 P.W afý-o
48 itmo•ew the welding equipment

9.
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SPrepare the wcvl4 a erform a
liquid pcnetrant examination of the -irar pass. .

.I. Instal[ the transfer cask retining ring.

8.1.2 Loadin the V&9icPLoncmte *- Cask

This section of thq loading procedure assumes that the F concrete a cask is
located on the bed of a heavy-haul W.O!r under the cask.handling crane and that the j.
-ask shield plug and lid arc not in place.

I. Using a suitable crane, place the transfer adapter on the top ofthe • cask.
2 Using the transfer adapter bolt hole pattern, align the adapter to the * cask. Bolt the

adapter to the cask using four (4) sockchead cap screws.
3 Verify that the bottom door connectors on the adapter plate arc in the fully extended position.
4 If not already done. attach the transfer cask lifting yoke to the cask handling crane. Verify

that the transfer cask retaining ring is installed.
; Install six (6) swivel hoist rings in the structural lid of the catister. -

Owm4p.for =M4ai , and attach two (2) three-legged slings. Stack the slings on the top
of the canister so they are available for use in lowering the canister into the b cask

6 Enage the transfer cask trmnnions with the t=rcfer cask lifting yoke. Ensure that all lines
arc disconnected from the trnsfer cask.

7 Raise the transfer cask And move it over the cot tc cask. Lower the transfer cask, ensuring
tlht the transfer cask bottom door rails and connector tees Align with the adapter plate Mils
and door connectors. Prior to final set down, remove transfcr cask door lock bolts.

042.9,~ ".4-410t; tolnperature) pdrto

8 Ensure that the bottom door connector tees arm engaged with the adapter plate door
connectors.SOmlO3

8.1.5
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9. Pisengage the transfer cask yoke from the transfer cask and from the cask haqdling crane
hook.

10. Return the cask handling crane hook to the top of the transfer cask and engage the two (2)
three-1ggged-slings attached:to the canister by ittaching the master 0 to the crane hook.
Lift the canister slightly (about '1 ietfh) to take the canister weight off of the transfer.cask
bottom doors.
Note: A load cell may be used to determine when the canister is supported by the crane.

Avoid raising the canister to, the point that the structural lid engages the, transfer cask
retaining ring, as this could result in lifting the transfer cask.

Il. Using the hydraulic system, open the bottom doors to access the concrete cask cavity.
12. Lower the canister into the concrete cask, using a slow crane speed as the canister nears the

bottom of the §i cask.
13. Disconnect the slings from the canister Ld close the transfer cask bottom doors.
14. Retrieve the transfer cask lifting yoke and attach the yoke to the transfer cask.
15. Lift the transfer cask off the P cask and return it to the decontamination area or

designated work station.

16. Using the auxiliary crane, remove the adapter plate from the top of the concrete cask.
17. Remove the swivel hoist rings from the structural lid and replace them with bolts.
18 Using the auxiliary crane, retrieve the shield plug and install the shield plug in the top of the

Scask.
19 Using the auxiliary crane. retrieve the ?RtA cask lid and install the lid in the top of the

1i' cask using six stainless steel bolts.
20 Ensure that there is no foreign mater .I left at the top of the concrete c4Isk. install-the tamper-

indicating scal.

8.1.3 •-Msnortine the Vrticol Concrele r Cask

This section of the procedure assumer that the loaded concrete , 4ask is positioned on 4 hcave -

I Using a suitable towing vehicle, to%% the heavy hou: trailer to the dry storaie pad jISFSI).
Verify that the bed of the trailer Is approximatcly at the same hMight as the pad surface.

2 Install four (4) hydr4ulic jacks at thz fIur (4) JesIgnated jacking points at the bottom cooling
Pir vents.

8.1.6
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3. Raise the concrete cask-app.oximately 3 inches,

4. Move the air-bearing rig sed under the cask.

Note: 'A hydraulic skid may. also -be used to nmove the cask. The height the
ca* is raised depends upon the'height of the skid or air pad set used,'S.

5. niate-ihc air-bearing rig set. Remove the four (4) hydraulic jacks.
6. Using a suitable towing vehicle, move the S cask from the bed of the transporter to the

designated location on the storage pad.
7. Turn off the air-bearing rig set, allowing it to deflate.

8. 'Reinstall the four (4) hydraulicjacks and raise the concrete cask approximately 3 inches.

9. Remove the air-bearing rig set pads. Ensuit that the surface under the

cask is free of foreign objects.
10. Lower the c csk to the surface.

I I. Remove the four (4) hydraulic jacks.

12. lagpall screens In~ andWRO,
13. IntallVconnect N temperature monitoring equipment.
14. Scribe/stanp PC eask name plate to indicate loading.

p~ea~xo~~~s s .afi.T~

is WaT -7

WY N-V 6:.1 a
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Table 8.1-1 List of Ancillary Equipment

Item Description

Transfer Cask Lifting Yoke Required foi lifting-and moving the transfer cask.
Transport Trailer (Optional) Heavy-hull(double drop frame) trailer required for

moving the loaded and empty concrewe I cask to
and from the ISFSI pad.

Heliuin Supply System Supplies helium to the caniter for helium backfill
and purging operations.

Vacuum Drying System Used for evacuating the canister. Used to remove
residual water, air and Initial hclium-backfill,

Automated eling system Used for welding thd shield lid and structural lid to
the canister shell.

Self-Priming Pump Used to remove water from ihe canister.
Shield Lid Sling A three-legged sling uscd for lifting the shield lid.

It is also used to lift the M cask shield plug
and lid.

Canister Sling A set of 2 three-legged slingsjoined by a master
link, used for lifting the structural lidby itself, or
for lifting the canister when the structural lid is
welded to it. The master link allows the slings to

.,._ _ _ _ be loaded simultaneously dWng the lift.
_______-_______________ _____ I I ..

Transfer Adapter Used to -lign the transfer cask to the & cask
or transport cask. Provides the platfoniA for the
operation or the transfer cask bottom doors

Hydraulic Unit. Operates the bottom doors of the transfer cask.
Lift Pump Unit Jacking system for raising and lawedtng the
___ iconcrete ,l cask.
Air Pad Rig Set Air cushion systet used for moving th: concrete

cask.

8.1.9
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-Table 8.1-2 TorqueValues

Fastener " Torqve Value (ft-lbs) Torque Pattern:

Trmnsfer Adapter Bolts 40k *5 None

ThInsfer CaskRetaining Ring Eolts r00 1iO None

Cask Lid Bolts 40-15 None

Lifting Hoist Ringsj
: Shield Lid 800 + 80,-0 None
IM Stnctural Lid 800 + 60. -0 Norie

Cask Lid 800+80,1-0 None

Canister and Lid Plug Bolts Hand T'igt Non.

Tmnsfer Cask Door Lock Bolts [land Tight None
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8.2 Removal of Canister •iom the Concrete [. Cask

Removal of the loaded canister from the -concrete k cask Is expected to occur at the time of
shipment of the canistered fuel 0 off site. Alternately, removal could be required in the unlikely
event of an accident condition that rendered the SM cask or canister unsuitable for
continued long-term storage or for transport. This procedure identifies the general steps to return
the loaded canister to the transfer cask And return the transfer cask to the decontamination station,
or other designated work area. Since these steps are the reverse of those undertaken to place the
canister in the cask, as described in Section 8.1.2, they are summarized here.

At the option-of the user, the canister may be removed from the cask and transfcmd to
another P cask or to the NAC-STC transport cask at the ISFSI. site. This-transfer is done
using the transfer cask, which provides shielding for the canister contents during the transfer.

1. Using the hydraulic jacking system and the air pad set, move the cask from the
ISFSI pad to the heavy-haul *ler. The bed of the M must be approximately level with
the surface of the pad.

2 Tow the transporter to the cask receiving area or other designated work station.
3 Remove the oc-& cook shield plug and lid. Install the hoist rings in the canister structural

lid. Vcand attach the lift slings. Installth
tramsfer adapter.

4 Retrieve the transfer cask and position It on the transfer adapter on the top of the Ko!ýt
cask.
Note: The min E mpat ofttb transf cjlcs

~~ im)!lAv t ffimperaNTO) Error to-~i~iC
Osa1fcatrOWL0O3.1 .9,

5 Open the shield doori. Attach the canister lilt slings to the cask handling rme hook.

6 Raise the canister Into IhC trhe,1X.¶r wk. Use caution to aioid contacting tht tramfcr cask
retaining ring with the canister.

8.2-1
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7. Close the sli-ld doors. Lower the canister to rest on the bottom, doors. Disconnect the

canister slings from the crane hook.

8. Retrieve the transfer cask lifting, yoke. Engage.-the transfer cask tnrnnions and move the

transfer cask to the degont.amination area or designated wodk station.

Note: Prior to moving transfercask, install and secure door lock bolts.

After the transfer cask containing the canister is in the d-.ontamination area or other suitable

work station, additional operations may be performed on the canister. It may be opened,

transferred to another wcak, or placed in the.NAC-STC utaport cask.
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@ 8.3 :Unloading the Transportable Storae Cnister

Circumstances could a.se that dictate the opening of a previously loaded canister and the
removal of the stored, spent fuel E. This section describes the basic operations needed to open
the snaled canister. It is assumedthat the canister is posid.oned'in the transfer cask and that the
transfer cask is in the decoparnination station or other suitable work station. The principal
mechanical operations are the cutting of the closure welds, filling with water, andtheiremoval of
the spent fuel H]. Supplemental shielding is used as required.

1. Remove the transfer cask retaining ring.
2. Survey the top of the canister to establish the radiation levol a,d contamination level at the

structural-lid.
3. Set up the weld cutting equipment to cut the structural lid weld (Abrasive grinding,

hydrolaser, or similar cutting equiproent.).
4. Tent the top of the transfer cask as rquired.
5. Operate the cutting equipment to cut the structural lid weld.

Note: Monitor for any out-gassing. VIM ~ FRU ý a

6. Remove the cutting equipment and attach a three-legged sling to the structual lid.
7. Using the auxiliar crane, lift the structural lid off of the canister and out of the transfer cask.
8. Survey the top of the shield lid to determine- radiation and contamination levels. Use

supplemental shielding as necessary. Decontaminate the top of the shield lid, If necessary.
9. Tent the top of the transfer cask, if nqred. Using an abrasive grinder fnth s*k

rspVorypot-Fecdoi cut the welds joining the vent and drain port covers to the shield lid.
10. Remove the port covers. Monitor for an) out-gaming and survey the radiation lovel at the

quick.disconnect fittings. Attach a manually valved line with a vacuum bottle to the ,ent
port quick-disconnect. Open the %alvc to the sacuum bottle to obtain a ga sample from the
vent line. Analyxe the gas sample to deteiminc the make up of the canister atmosphere.

Caution: The canister could be pressurized..

11. Attach A nitrogen 81A line to the drain port quick-disconnect and a discharge line from the
vent port quIck.dioconnect to an off-gas handling system. Konltc* the vent line, so that
the radiation level'of the discharoc gas and the tmpcrture a ithe dischargc gs Am indicat;d.
Note- nMy signifcAnt aiation level In the dischrge gaS indicates the prtn•c of fi63ion 9as

products. The temperature of the gas Indicotes the thermAl conditions in the canister.

Caution: Dischargc gas temperature could Initially bo above 400"F.

8.3-1



NAC-MPC SAR January 1999
Docket No. 72-1025 Revision OC

12. Continue to-flow nitrogen through the line, until there is-no evidence of fission gas activity
in the discharge line. Continue to monitorthe gas discharge temperature. When there is no
additional evidence of fission gas, stop the nitrogen'flow and disconnect the drain and vent
port lineconnections.

rCaution: the discharge line and fittings may be very hot.3

Mj Attach a -,e of clean water to the drain port quick-

disconnect. Attach a discharge line to the vent port quick-disconnec'. Start.the flow of clean

water .- Tr gr-__ . The discharge line will initially

discharge hot gas,.but after the chnister fills, it will discharge hot water.

-(Caution: Relatively cool water may flash to steam-as it
encounters hot surfaces within the canister. If there are grossly failed or ruptured fuel rods

within the canister, very high levels of radiation could. rapidly appear at.the dischare line.

The radiation level of the discharge gas or water should.be continuously monitored.)l

14. Continue to flow water through the canister until the exit water temperature stabilizes,

1-t. Set up the %:ld cutting equipment to cut the shield lid weld (Abrmiýc grinding, hydrolaser,
or similar cutting cquipment.). Route the ',ent line to avoid nterference with the weld cutting

operation.

18. Operate the cutting tqulpment to cut tho shield lid weld.

19. Remonc the cutting equipment. Install the Wheld lid litfing hoist rings and attach a three-

1og8ed sling. Atmh a line to the sling master link to old in attaching the slin8 to the r crnc
hook

20. Attach the clean watct' line to the transfer cask.

8--.2
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J•Retrieve the tiansfer cask lifting yoke-and engage the transfer cask lifting trunnions.

Move the transfer cask overthe pool and lower the bottom of the transfer cask to the surface.
Start the flow of clean water to the transfer cask annulus. Continue to lower the transfer cask,
as the annulus fills with clean water, unlil the top of the transfer cask is about 4 inches above
the pool surface. Hold this position until clean water fills the top of the transfer cask.
E Lower the transfer cask to the bottom of the cask loading area and remove the lifting yoke.
Attach the shield lid-lifting sling to the crane hook.
Slowly-lift the shield lid. Move.the shield lid-to one side after it is raised clear of the transfer
cask (Caution: The drain line tube is suspended from the under side of the shield lid. The lid
should be raised as straight as possible until the tube clears the canister basket.

xl4 j... li, The under side of the shield lidý.
Scould be highly contaminated.).

2e. VisuiJly inspect the fuel for damage.

* At this point, the spent fuel could be tiansferred from the canister to the fuel racks, If the fuel is
damaged, special rigging could be required to remove the fuel. In addition, the bottom of the
canister could be highly contaminated. Care mus: be exercised in the handling of the transfer
cask when it is removed from t* pool. Highl) radioactive particles could rcst on flat surfaces of
the transfer cask resulting in high dose rates.
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9*. 9*Jk

Txi walIkr - kak *cSW~ a9 the Iim of Ust. Ai~kr tihc prctssc test-dcsdbed In Sesion
C1.2 Icnt UAW Is dialocd of Icsiduoi soer, vsuw ddtd wAi boc~d]Ied widh Mlium, Tm

WzIs cr 4' f~tasszcti %ith Iieliun to 22 psisa. The AdkI i~d I %4 OAiISWc ftcl Wtid is
helium WA rasrdd. 7U lcak Wts is pdrozmwd sit a mufsivity of at ktut 4.0 x 104 eels=c
(hlium). Any Iricarign oftE1tak Is Uauccepzb1; ew rrp*I of ihe frak is rcquirmd.

9.1.4 = a

IU compomwt*of Wh INAC-UPC do not rcquir ewy spceia tcvts In xiediio to the mnwcdW
tteclpt. dimmloaM.1 Wn form And fit g±tam desdb above. or as desedWbcdbow.

9.14.1 Vntcj. ERut rure m sd ftq~d Trgnrtk*t

IMe NAC-10C canister I W~ swarge cssk 4* not consIn rvputr dilcs or fluid tirwpWo
(kdc~ca Thmn sm no v~1vts Wive W o f!~t cf&c n tinmc Ww~dwy for vanppor or amc
tQwI-discnniaec vlc i wtldj hecns t WAz dptii4 FMn of ft Aiidd W.~
Thms ~vaim -w hinkn*d to k cocns me ft= fortft Walro diqt protM ri&ie mm~s of
quickly cofvwifi for ajIM2=tn =014VlI dobi ad wat 1in- go tbk emnistc j. The

c~wot~c sx sU fez*3I 6wS isi asueid a fto tomweein pc. Thelo w~ rw s I
MMCAi) 60Mc Wl.;6 M msla fltifig~ 01 r=Vt~41 IzWcstf. AO MJA 11i t A fin thd

Tb .AM~ no gz eMIj VANCIt vr s i ~ ,i b~ tbmivk~iti
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AMWL mrrAc.ui, a statisla* ample. of =ch. lot of flORAL pa•els is estcd using wC?
ccmisry /n!or ,oc.a on onihiqucs to wr* a minimum 'D cont.at •i.•ends of
dih pwns. Any panel In wch 13'1 loading Is l thI n d=f spcified minimum Is rejected.

Nto awlhmI acceptA=c ks'ing of the NAC.MPC system, Is required during constnxicuon,
Tempa'att m uM rents am utkn at die ak outlts of tk storage cask during opeartion In
Accord.ne¢ with Cbsptcr 1.O as vtdrication of Ibc therl pc rorma,"cc of the xtorag system.

9.1.8 a uk IdfI. t,

A s~sped stainku sw ra mo nnptnrc. As Shoivii on Drainz No. 455-856. Is pemn==tly atiacWc
on fh~taeUW =kur of tho Storage cotk The nMUpJTc Mn~ucks the. following 1oftailon:
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The basket assembly welds A= examined i ASME Code
Saguan VArticle 6. The wtqftc c•eria are in Accordancc wiiASME (odc Section III,[
NO.5350.

All welding of i components is performed using pocccdurs and wclders
qualified In occordancc with Ube ASME Code ScCion IX.

9. i.l.2 Fabricaion 1nnc'•t~on

?4atcdals used In fht fabrication of V~c NAC.MPC storage cask m niserff Am procu-m:d with
cerlfications and sipporing documentation. as necesu), to assure complianc': with
procurement spcflcations All materials at receipt inspectcd for appropriatC ACePtance
rcquirentents and for traceability wv required matedal crtification.

Tho canIster fAbricated to the requirmants of ASME Code Sction Ill.
SubsoCtion NDI. Specific exceptions to the ASME Code a,- described in Chapter 2 and 7. The
baske assembly is fabricatcd to ASME Code Section Ill. Subsection NO. Shop fiaWc:te
componcent of the stonge cask = fibnated inacordnct with ANSL AWS D. 1.96O W

4ompiete dimCnAiUnl imnp'ction or all c in Q qMo nrU &Wd a momPnOMS fikip test il
,crformed on the cAnister 1 astunbl) cnto e" peru Ppet A3mbly in th fiCU Aceptanw
criteft for d.:menslons 9hil conftoi to the fiabrittoi drawings.

C' ncreft strength, o, dmsit) shAlt l.b ficld seriicil to Awnvaiwa Cowr= Inslitve AC'h •,A
Amcia mvict) . f Testing and Maternis 1A.TMI stwUb s to ensuxt O' ,q. Renfomau'
sitel il in•Mr1d per Sccfiratinn rchuir'•:m-.1 I-,,4 ion ACtI,1I

OAi cvMPletion o'4' t "d W A. M.te ;.I~rr I(f v~kt SLC, " 'AJ thcx£p fftawrc~e COMPr~ts W11
l'v tn~pwtil fisr dcanmevi Alt f~vmpn.enti ~ital ko Tra J #A tem mtinrmria. o;I. gre &M

F;!tal' COe vfl camcntipa~cauk r"W~d ta di.'a AWM shal AW ite~ Cw Uh a

Q I-
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9.12 EtmaDad ZWf IiiUs

1T canster is pr¢ssurc tsted at the time of use. After lJozing of the canistar ba with spent
fuel it the shield lid Is welded In place after approximstely So pnonw of water = rmoved
Vorn the canier. Prior to rcmoving the remaining spent fal pool Water fom die canistr, the
canister is pressu'e tested at M This pressure Is held for 10 minutes. Any loss of pressur=
during tdc lest period Is unaccpble and the let. must bc loated snd repired. Thc pressutt
ter, Is described In Section S. I.

x

-A,
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The ,e~pa•MC tests eMnu t t& store cak ,Caniste, l N fauAC.d, ammblcd,
inspectd A tested in eCCOrdmnc. wM thc rqu1ncn-s of this SAR and the license drawini.

9 9.1.1 IW ftdgNiyg EU.A.M! kuw

T& acc =cc test pwgraz m blbsbes a set of visual inspections and nondsetive
c=711rxA on or test rquiumn••s for the fication and assmbly Gf the storage cq l

1ls4. Satisfactoy MtlS for tee Inspections, examlnations M tests demonstfc that the
compone=ts comply with the requ4cmews of the SAR And te license drawings, ind Ii&tIal
opetilon of the stoa•ge system uomplics with regulano'y requiremnt.

A fit-up tc•.zof i.e canistr and Its components is peormed during the ccptanceinspecon,
The fit.up test demonstrates tft h eister, baset, shield lid And strsctural lid can be p.opedy
asznmbled during fuel loadib;nd canister closure opmt[ofts.

A visual Inspection is performredn all rmtrins and wlds used for r ragmcszk. canistc and
bket fabrixagoL The visual InVsption •pplics to finished surfues of-the componw •s. AIl
OAeld. (shop rAM f1eld istlled) aM $,1sually iWCpece fro deCcts P4ir to the nd•eCSinWvc
examimdtor that a'c specl.d.. Tht welding of the ca•iswt is perfamed In sccordane, with
ASME Cod•, Section Ill. Subsection N1-4000. except As

Ther ,VIsMl Inspection of the Cnistcr r. wtld, am pert•med i. word• •c Aith Ote ASML
Code Sktion V. "dcle 9 Accptuce witeiI for tft viswl cx=1rglow n r the canister
wclLv iX" n accodane with ASM. Cod "

A.-,- 71M. ii owl............. W E....

Wtldu'2 Of ftI 91640r"a cakS SIM!; CO~-= MU&ts Bivd $n 11 W14 j InsAllc vt is~i rK nrnot U1
=a itu Andl,.4Wm DI I. awl - s AM speted in ac.or&,,e %ith ANSIdAWS

91.1
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ANSVAW--L Weld procedures and welder qualifications shall be in accordance.

with ANSIVAWS DI .1, Section 5, or ASME Code Sction IX.

Welding of the basket assembly for sjent fuel [r is perforned in accordance with ASME Code
Section III I NO4000. Visual examination of the welds is performed per the requircmerits of
ASME Code Section V, Article 9. Acceptance e•riteri. for The visual exmnination of the base
assembly welds are that of ASME Code Section inAny
required weld repairs arm performcd in accordanc with ASME Code Section II, |° NO.4450 And
ar recxained In accordance with the original acceptace criteria.

9W1,I Nondestructive Weld _xsmination

All of the welds of thE canister asembl) are nondestrucively exmined in Addition to the
visual ,-1examiaion prnviously discussed. ý - ASME Code SectIon I11.
Sul-section ND requirements for confinement vessels, the caster • shell wtlds Mre
volumetrically exarinnr4 by radlography (RT) I.i- ASME Code Section V.
Attiale 2. with i:ccptance critria in Accordance with ASME Code SWion U11. NB.-320. Thc
%tld thIt joins lhe bottom plate to te canister -" shell is ultr. .onlally (UT) rammned per
AMME Code Section V. Article S. with tecep•cn cricria In accord•ce with ASME Code
Scaon Ill. ND-5330. .

Jj • , •t A .S..oS.e."P.•ctlon " 11T;,P,.5.• The shield lid to c, istar shell wld snd
the structural lid to shell weld. as wvll .i the vent And drmin port ý to shield lid welds, cce
nlew wedi mh Arm erformcdafter the canister is load L. nc maert and row PA~ses or the
shield I1d to es,~lte shell vcl4 .e liquid lenetrant (PT) ezarniincd p'.ASME Code. Secti on

V. Article A The aceptait critcria are in Aecofdatco with ASME Cod. Section Ill1 " NO.
5330 The fm~ *,* atej~er P4

Arti 6. - -m , . _ ••ei a

%ith 0XC~0krie*Wi YAttkk V~nr#I ~~~Ii

V-6 AS3•.t.ii.11 C ••h
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9.0 ACCE"TANCE A AND MAINTENANCE PROGRAM

Ths chapter spcciries the Acceptance criteria NO the maintenance program for the NAC-MPC
storage system prima'y comporucnts: vertical concrete cask (storage ca•k), transportable storage
canister (canister) L1 The design of the NAC-MPC system requires shop fabrication of the
canister shell with the bottom plate, the shield and structural lids for the canister, E; an the
basket that holds spnt fuel . 1 storage cask consists of reinforced concrcte placed
around steel componen:s that rc integral to the performance of the storage cask. These se
components Include: a liner that forms the centrl cavity of the storage cas a set of air outlet
PSage-ways Owt allow cooling to the stored canister, a shield plug, a steel closure lid, and a
steel base. The b=se includes: the air inlets and associated pathways, provides a pedestal upon
which the canister rests, and provides a structural support for raising the storage cask. The
steel components arc shop fabricated. The reinforcinig steel will be bent in the shop W
delivered to the storge cask constnuction site. TIe stomge cask construction will include the
erection of ft cask liner onto tAe steel base. The concrete Is placed around the liner after the
reinforcing steel has been properly erected.

As described In Chapter S. the storage cask is intended to be !fied by hydraulicjacks amn Mncd
uzing air pods under the base. It does not have liiung trnmionw.
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10. RADIATION PROTECTION

10.1 Ensuring That Occupatiorg! R.dation Exposures Are As Low As Reasonably

AfIvabl (ALARMA

The NAC-MC provides radiation protection for all areas and systems that may expose
personnel to radiation or radioactive materials. The components of the NAC-MPC system that
require op•ration, maintanancc and inspection am designed, fabricated, located, and shielded to
minimize iadiation exposum to personnel.

10.1.1 Policy CooideratioU

It Is the policy of NAC to- ensure that the NAC-MPC system is designed, so operation,
insection, rcpairnnd maintenance can be carried out while maintaining occupational exposure
as low as reasonably achievable (ALARA).

10.1.2 csi an Considerations

The design of the NAC-MPC syscrm complies with the requirement of 10 CFR 72.3 concerning
ALARA and meets the requirements of 10 CFR 72.126(a) and 10 CFR 20.1101 with regard to
maintaining occupational radiation exposures ALARA. Specific design features that demonstrate
the ALARA philosophy re:

v Material selection and surfece prcparatlon that facilitate decontamination.

A basket configuration that allows spent fuel I loading using Accepted standard practicc and
current experience.

i Positive c1ean water flow In the tr fcr casc.,'canster am*ulu to minimize the potcntial for

coturnination of the coditer aun1ace durfnt In-pool loading.

, Passive confinement. %crmal, criticality. and shielding •sstcm that requirc no maintemac.

, Thick stcl and conttete walls to reduce the ldc surface dose rate to 40 remalr (acras;).

10.1-1
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* Nonplanr, cooling -air pathways to -minimize radiation streaming at the inlets and outlets of

the concrete cask.

e Use of remote, automated outlet .'•r temperature measurement to radue surveillance time.

10.1.3 Of.rational Cor~idenitions

The ALARA philosophy has been incorporated into.the procedural steps necessary to operate the

NAC-MPC in accordance with its design. The following features or actions, which comprise a

baseline radiological- controls approach, have been incorporated in the design -or procedures to

minimize occupational radiation exposure:

Use of prefabricated, shaped temporary shielding during automated welding

equipr ent set up and -removal, manual weding, and weld inspection of the shielding

and structural lids and for use during all of the canister closing and scaling operations.

* Use of autu.matic equipment for welding the shield lid and structural lid to the canister

shell.

Decontamination of the exterior surfac of the transfer cask, welding of the shield lid,

and pressur, testing of the canister while the canister remains filled with water.

Use of quick disconnect fittings at penctrations to facilitate required service

connections.

* Use of remote handling equipment, where practical, to reduce radiation exposure.

The operational procedures at a particular facility will be determined by the uct's 1,pmrationil

conditio and facilities.

10.1-2
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10.2 Radiation Protection Design Fatures

The description of the radiation shielding design, is provided in Chapter 5.0. The design basis
radiation exposure rates are summarized in this section and in Chapter 2.0. The principal
radiation protection des'gn faturns arm the shielding necessary to meet the design objectives, the
p~lacement of penetrations near-the edge of the canister shield lid to reduce operator exposure and
handling time, and the use of shaped supplemental shielding for work on and around the shield*
and structural lids. This supplemental shielding reduces operator dose rates during the welding,
inspection, draining, drying and backfilling operations that seal the canister.

Radiation exposunre rates. -t various work locations were determined for the principal NAC-MPC
opx "ational steps. Thes,. exposure rates were determined using a combination of the SAS I and
SKYSHINE III computer codes, The use of SASI is described In Chapter 5.0. The
SKYSHINE-III co'e Is discussed in Section 10A. The calculated dose rates decrease with time.

10.2.1 P.esign Basis for Normal Storage Conditions

* The radiation protection design basis for the NAC-MPC storage cask is derived from 10 CFR 72
and the applicable ALARA guidelines. The design basis surface dose rates and the calculated I
meter dose rates are shown below. The calculated dose rates at these, and at other dose poin,-,
are also reported in Chapter 5.0, "Shielding Evaluation."'

Design Basis Maximum I MeterMaximmn
Concrete Storage Cask Surface Dose Rate (,Nirem/hr) DoseRate (rnrem/br)

Sidcawal 50.0 20.0
Air Inlet/air outlet 100.0 5.0
Top lid 55.0 15.0

ActIvities asoclated with closing the canister, incluJing welding uf the bhicld and structural lids,
draining. drying, backfilling and testing, %~ill empIoy temparary shielding to minimize persunnel
dose In the performance ofthose iks.
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10.2.2 Design Basis for Accident Conditions 0
Damage to the NAC-MPC cask after a design basis accident will no; result in a radiation
exposure at the controlled area boundary in excess of 5 rem to the whole body- or any organ,

. The high energy missile impact is estimated to reduce the concrete shielding
thickness, locally at the point of impact, by 6 inches. This reduction in shielding results in a
calculated dose rate of 120 mrem/llr at one meter. There arm no other d',sign basis accident

conditions that reult in a greater cstinated loss of shielding.

Two hypothetical accident events that evaluate storage cask tip over and the rupture of 100 0h of
the fuel rods I are considered in Chapter 11. There are no dosign basis~eveius that result in the tip

over of'the NAC-MPC storage-cask or the release of any radioactive material from the canister.

0

0.
10.2-2



M AC-MPC SAR October 1998
Docket No. 72-1025 Revision 0B

@1013 Estimated On-Site Collective-Dos AssessmH n

Occupational radiation exposures (person-orem) resulting from the use of the NAC-MPC
storage system are calculated using estimated exposure rates preesnted in Chapter 5.0 and
Section 10.2.1. Exposure was evaluated by identifying the tasks and estimating the duration and
number of personnel performing those tasks based on industry experience. The tasks idntified4
were based on the design basis operating procedures, as presented in Chapter 8.0.

Dose rates were initially estimated based on the design basis fuel assembly for shielding, the

Combustion Engineering Type A
Since use of these dose rates over predict the total dose for the use of the NAC-

MPC system for [' ; a 16 1ý4 [J storage array, the dose rates are adjusted to account for fuel
cooling time representative of an ISFSI. The effect of the adjustment is to reduce the maximum
estimated total dge for loading each canister by about 20%. This adjustment Is described in
Section 10.3.2. It is also applied in the calculation of the ISFSI boundary dose rates.

10.3.1 Estimated Collective Dose for Loading a Sinaie1 NAQ.ACj

This section estimates the collective dose duc to thq loading, sealing, transfer and plahement ofI
•• This analysis assumes that the exposure incurred

by the operators Is Independent of background radiation, as background will vary with site
specificity The number of persons allocated to task completion is generally the minimum

number required for the task.

Working area exposure rates are assigned based on the orientation of the workcr with rcspctt to

the soure and take Into account the use of temporary shielding.

Table 10 3-1 summarizes the estimated total exposure, by task, attributable, tv the loading,
trnsfer. sealing and placement of a design basis NAC.MPC.

10.3-1
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10.3.1" FstimatdAnnual Dose Due to.Routinc Oper, ions

Once in place, the 1SFSI will require limited ongoing maintenance and-surveillance throughout
Its desin life. The annual dose evaluation considers the- combination of the requirements
specified in Chapter 12.0 and tasks that pre anticipatcd to be representative of an operational
facility. Typically, no-maintpnance of Oe storage system is expected -to be required annually.
Collective dbse due to certain ccnts, such as clearing the blockage of air vents, is accounedfor
In.Chapter 11.0.

Routine operations are expected to include:

X daily visual inspection of the cask away. This inspection consists of the electronic
measurement of air outlet temperatures and inspection for blockage of the inlet and outlet
vents. Outlet. temperature indicators are located away from the cask army. Temperature
surveillance is assumed- to be performed by one operator and require I minute per cask.
Inspection of the vents is asstumed to take one operator 2 mInutes per cask.

* A daily security inspection of the security fence and equipment surrounding-the storage area.
This surveillance is assumed to require 5 minutes and I secutity officer.

e Grounds mainteonance performed every 6ther week by I maintenance technician. Grounds
maintenance is assumed to require .S h0our.

* Quarterly radiological ,urvilliance. The winvelllance consists of a radiological survey
comprised of a surface radietion measurement on each cask, the determination and/or
verific~don of general arca explsure rates and radiological postings. This SUINeillancC is
asumed to require I hour and I person.

SAnnual inspection of the general condition of the storage c=ks. This inspcction is estimated
to require 15 minutot per cask and require 2 technicls.

103-2



NAC-MPC SAR January 1999
Docket No. 72-1 025 Rcvislon OC

-*MuN & s tshup f In her Vrmnj,43t~~ n

Wifeswcr emiployedtutbfuoh

Umon thme se pq aetlu mug bpeiaff WX 16i.mia-nfr im I an

pstlnimed vinuat iolleacti cxposure of C6 pwtm~nj~ §.' C-The itinaW~
anual exposure, by task Is shown hi Table 10.3-4,

10.3.3 WW09~dnO MPa &-M-

Wsl section cstinufte tzUpt y coleti e dos uc to, h
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Table 10.3-5 smnmrizes the estimated total exposure, by w~k2 -athbutable to the tran~cr,
opening atM =l~oading pfa dosign bash NAC-MPC.



0
NAC-MPC SAR
Docket No. 72-1025

3aimiy 1999
I*%isoiaaOC

Figure 10:3-1 Ty7ipcal'ISFSI 16 CaskAnay Layout
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Table 10.3-1 Estimated P•rson-Mrem Exposure for Operation ofthe NAC-MPC

A:Yenge
Duration Dose Rate Exposure

Activity Personnel (hr) (ram/lhr) (pers-mnCm)

Load Canister 2 N 5 W
Move to Decon Aria,. 21
-Setup, Weld Ghield Lid, and Inspect 2 -

Weld a
Drain/Thy/Backfill and Leak Test 2 I ~ ~ U
Vacuum Diying _____

Weld and Ins••t Port Covers 2
Setup, Weld Structural Lid and 2
Inspect Weld
Transfer td Storage Cask 4
Poston on ISFSI Pad 2
Total

a..

1,
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Table*10.3-2 Storage Cask Rndiation Spectra Weighting Factors

Neutron Gamma Neutron -Ganmma
Weighting Weighting Weighting Weighting

Cask Factor 'Factor Cask Factor Factor

A-1I I B-I .83 .74
A-2 1 1 B-2 .80 .71
A,3 I 1 B-3 .78 .69

A-4 I I B-4 .75 .67

A-5 .96 .93 B-5 .72 .65

A-6 .93 .86 B-6 .70 .63

A-7 .90 .82 B-7 .67 .61
A-S .86 .77 B-S .65 .59

Table 10.3-3 f Assumed I Cooling Time S the Storage Caks In the ff ISFSI Array

Cask Cooling Time Cask Cooling T'nm
ll * P.•* •1. P" 13 yr.

A__I -yr. Bj2 14 yr.

AhU $yr. 315 yr.
14 a -yr. B• 16 yr.

AY5 9 yr. a|5 17 yr.

..... 10y. -Bp 18yr.
19yr.

AJ3 1 yr.131s20 vr.

0
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S Toble 10.3-4 Estimate of Annual Exposikm for a 16 Cask Amy

Dose Rate '.otal
Distance Time Dose Rate Personnel Exposure

Activity (meters) Frequency (hr) (nrenLIr) Required (person-mrera)

Vbi.uinspection and
temperature readings 10 365 0DA 1.3 1 380"

Secuity srveillance 10 365 0.08 1.3 1 38

Radiological sbrveillance 5- 4 1.0 2.7 1 11
A Uial inspection 0.3 1 4.0 20.2 1 2 162

Grounds maintenance 5 26 01.5 2.7 1 35

T626

p
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. 10.4 Exposures to the Public

" SKYSHINE-I11 code is used to cvaluate the placement of the
controll-ed area boundary for the 1 6 storage cask array •

Whc . qTM'6ns The fi..sT source energy- distribution" for-bo'h neutron and gamma
radimion are O:en 4; the design basis cask in Tables g..F. As stated in Section
10 2, the associated refacnce cask source strengths are multiplied b) weighting factors to cornect
for the differences in cooling times.

vwony sui ormc~soT %, 4w
aouccpoity 6 oi as ae n
tests u• mar 16•€• .• a--a•" u.I"-•• "t--i •

4- J-o- EP

The Mfw*$Cre. oftoKYSHi-4I4" CoI- bcn4umr4kcd b) modeling i sct u( w I t Sw.te
'nivarsity k'Co skyshine expedmcnts and by modeling ova K•.Ws State Unhwit, ncurmn

computational benchmiarks. The code comparl wdll * ,,ith thcsc bennharks f1u both neutron and
gamma doses vcrsw distoce.

Am r m e osts b~'a. a 2,o 4.hov•-h )it %,cm detcrniine~d at Jistnamv miinq from I0(M
tu 1tW meters surmurwin 4 . x Bt eask arm) (Figurc 10.3-1)m f '(sb ."iibla 0.4-1. The sturaip

I
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array is assumed to have a fuel population reflective of that of an operating reactor facility and
that fuel cool time will range from 8 to 20 years.

ITOI ll BM

on~4j~nseq~Fn ___ __

for~ ~ ~~~~~~~~& '~vta Te~~6~ f~~i~-~~Inao

on. _FORM

WAR 0

104-2



NAC-•aC SAR
Pocket No. 72-1025

Olct6on O98
Revision OB

Figup 10.4-1 Controlled Area Boun..azy Determina.ion for a 16 Cask Army
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. -1.0 ACCIDENT ANALYSIS

The analyses of the off-normal and accidet design events, including those identified by
ANSI/ANS 57.9-1992, are presented in this section, Section 11.1 describes the off-normal
events that could occur during the use of the NAC-MPC storage system, possibly as often as.
oncc per calendar year. Section 11.2 addresses .very low probability events that might occur once
during the. lifetime of the ISFSI or hypothetical events that are postulated because their
consequences may result In the maximum potential impact on the surrounding environment.
Section 11.3 describes the design basis load conditions-for the transportable storage canister. As.
described in Section 11.3, the canister Is amlyzed for loads imposed during transportation,
These transport condition.loads envelope the loads for the storage condition analyzed-hercin.

'This chapter demonstrates that the NAC-14PC satisfies the requirements of 10 CFR 72.24 and
10CFR 72.122 for off-normal and accident conditions. These analyses arm based on
conservative assumptions to ensure that the consequences of off, normal conditions and accident
events am bounded by the reported results. The actual response of the NAC-MPC system to the

* postulated events will be much betitr than that reported, Le., stresses, temperatures, and radiation
doses will be lower than predicted. If required for a site spedfic application, a. more detailed
evaluation could be used to extend the limits defined by the events evaluated in this section.

11-I
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11.1 Off.MortE ts

This section evaluates postulated events that might occur once during. any calendar year of

operaons. The actual occumnce of any of these events Is unlikely.

11.1;1 Blockage of Halfof the Air nlts

ThWs section evaluates the NAC-MPC storage cask for the steady stat* effects of a blockage of

one-half of the air inlets at the normal am)ient temperature (75°F).

11,1.1.1 Coue of Event

'The likely cause of air Inlet blockage Is debris deposited In the inlets by-wind or by intrusion of a
burrowing animal. It is expected that screens over the inlets would preclude such animals and

would exclude debris from the inlet channels.

This evcnt would be dctected visually by the persons inspecting the air Inlets and gathering outlet

.ai temperature data on a daily basis. It could also- be dttected by security forces, or other
operations pcsonrnel engaged in other routine activities, such as fcn=cise Isction, or grounds
maintenance,

11.1.1.2 Analysis of the BloekageE venr

Off-normal temperature conditions =re evalted using the thermal models described in Section
4.4.1. Air mass flow and sir cmtied heat ar= calculated using the airflow model described In
Section 4.4.1.1. The maxlmuni component temperatures due to one-half of the air Inlets being
blocked ame compared to the allowable compoinent temperaturs for the off-normal event (we
Table 4.1-4).

11-1.1
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Coqmpnent
Fuel Cladding
Support-Disks
Heat Transfer Disks
Canister Shell
Concrtte

1/2 Inlets Blocked
Max Temp. (OF)

565
591
529
318
168

Allowable
Temp. (OF)U--

80

350

This evaluation shows that the component temperatures are-within the allowable temperature
range for the condition of one-half of the inlett-blocked.

11.1.1.3 Radologicml Consequences

There are no significant radiological consequences for this event, Personrel will be subject to an
estimated maximum contact dose rate of 240 mrcm/hr when clearing the inlets. If It is assuned

that a worker kneeling with his hands on the inlets would require 15 minutes to clear the inlets,
the estimated maximum extremity dose is 60 troem. Tne whole body dose would be
significantly less.

11.1.1.4 QAC-MPC Perrormance

There are no adverse consequences for this off-normal conditlon. The ma iimum component
temperatures are less then the allowable temperat.res. The NAC-MPC storal coak continues to
perform its function with one-halfof the air inlets blocked.

11.1.1.5 Recover .nadlor Coractive 600ionM

The debris blocking the Inlets must be manuall) rcmo,,cd. The natur- oif the debris may indicate
that other actions =re required to prevent rec.urrence of the blockage.

11.1.2
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11.112 Canister Of-Normal Handlfng Load

This sectionevalua4ts the consquence of leads on the'transportable storage canister during the
Installition of the canister in the storage cask, or removal of the canister from the storage or
traisfer casks.

11.1"s2,1

Unintended loads could be applied to the canister, due to misalignment or faulty crane operation
or inattention of the.operators.

Detection of the -vent is expected to occur by obs2fvation of the event or banging. or scraping
noise associated with movement of the canister. The event is expected to be obvious to the
operators at the time of oecurrence.

11-3.2.2 Analysis of the Canister OtTN-ormal H dlinf Lood Event

The canister structural analysis, including lifting loads, was evaluated using a4 ANSYS finite
element model. The model is described In-Section 3.4.4-1.

The off-normal hIandling load condition Is assumed to consist of loads of 0.5 g applied In all
directions (i.e., In the global x, y, and z directions) In addition to the 1.1 g lifting load (an
addlitior.a1 10 percent load Is included as t dynamic load factor during lifts) Applied in the finite
element model. The stresses -esulting from offt.norrml handling are estimated b, combining the
normal handling stresses ptf.a design oE-normnal internal pressu of [4 psi& with the stmr3
results from i 20 g side and a 20 g bottom end impa= of the canister mtiQcd to the off-normal 0.5
•-!oadlng.

. ... .is e

M ',ý IF2-O ' iP! - 7 reteasioaf. 9 con seWQJA W
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The 0.5 g icceleration in the vertical direction is additive to

the 1.1 g acceleration for noimal lifting. The two 0.5 g I I

accelerations in the -horizonta directions rpult in a single 0.5g......

horizontal acceleration of 0.7071 g as shown below: *_.. 071g

"I(0g)2 +("S) 2 -=0.7071g
z

The stresses obtained from the 20 g side and 20 g bottom end impiats of the canister were then

scaled to obtain the additive off-normal handling stmsses for0..7071 g side load (qo.,o) and 0.5g

vertical load (aros5) as follows:

(o.7071g)

and,

Where 20 g is the deceleration applied in the canister model analysis.

The off-normal handlins stresscs for the side an&-the vertical g-loading were then added to the
normal-handling stresses to obtain the total off-normal handling stress,,es.

The pertincnt stress results from the 20 & side impact and 20 g bottom end of the canister are

summarized below. These stress results are presented In Section 113.1.

Side: S -M 13,884 psi

Spm..A 24,044 psi

Bottom End: Sp - 1,61 psi
Sp,, ,, 4,273 psi

The side and -bottom cod Impact strcsscs ascled to off-normal handling a-loPAds ;c •ckul&ad

11.1,4
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Side:

• °0.7071g = . (0.707lg. 491 psi (0.491ts!)

:Zog ) S~20S

"00.7S271 •24,044psi (0.70.71g= 850 psi (0 ..sis

Vettical (bottom):
(0.5g)1- 0.5g 9_

0./20g . . 20Sg

The total stresses for a load condition that inc ldes off-nonrnmaandlrg is obtained by adding the
off-normal handling stresses to the normal homdling stresses F11

=(S, )... + o.85 ksi + 0.107 ksl

c~s,, L ,+ 0.96 ks,
The maximum primary membrant st.ss (Sw,) for normal handling occurs m~t location 13. The
maximum primary membrane plus bending stress (S,,.0) for normal handling .ccurs at location
2 These siss locations am shown in Figure 34..14. .• o t

For location 13:
Normal jI dng P. Stress (ksi) 12.07
Additional R. Stress Dqw to Off-Normal Handling (hl) 0.54
Of-Normal nHandling P. Stress (ksl) 12.61

Allowable P., Stress (kMl) 20.30
9 Margin of SWfcty +0.61

11.1.5
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For location 2:
-NOt a Stress (Ma) 26.15
Additional Stress Due to Off-Normal Handling (ksi) 0.96
Off-Normal141arkdling 3 Stress OcM) 27.11
AlloWable M Stress (ksi) 30.06
Maugin of Safety +0.11

These results showý that the canister maintains a positive margin of safety for the off-normal
handling condition.

11.1.2.3 Rzdiolo|,Cal ConsaQuences

There are no radiological consequences for this off-rnormal event.

11.12.4 MA-MPC Per'oMancc

This evaluation shows *at the stress induced in the canister as a consequence of the assumed off-
normal handling loading-is within the allowable stress for Service Level C loading. There Is no
deterioration of canister performiance.

I 1.1.2.5 Recovery and/or Corrective Actions

Operations should be halted until the cause of the misaflgnnent, interference or faulty operation
hs Identified and corrected. Since the radiation level of the canister sides And bottom is high,
cxtrcm caution should be excrciscd if Inspection of these su'facts is required.

111.3 FEdu= 2f1l1nMImentation

The NAC-MPC system Uses gn electronic tcmpraturc sensing system to read and record the
outlet air temperature at each of th four air out'-s on each storage cask. Tht temp•erars rer
re4, and recored, during a dally Inspection of the ISFSL.

11.1-6
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0 .1.1.3.1 ofAcin

Failure- of the teperature measuring instrumentation could occur as a result of component
failure, or as a result of another accident condition that interrupted power or damaged the sensing

or reader terminals.

The failure is expected to be identified by the lack of a reading At the temperature reader

terminal. Alternately, a malfunction could result in a disparity between outlet temperatures or
between similar storage casks.

11.1.3.2 Analysis of Instrumentation Failure

Since the temperatures of each outlet of each storage cask are recorded daily, there is early
opportunity to identify and correct a defect. Because the canister and concrete cask are a large-
heat cink, and because, there are few conditions that could result in a cooling air temperaturle
increase, there is no concern about the temporary loss of remote sensing and monitoring of the
outlet air temperature.

The principal condition that could cause an increase in temperature is the blockage of the cooling
air inlets or outlets. The purpose of the daily inspection is to ensure that the inlets and outlets arc
not obstructed, such that the cooling cfficiency of the system Is reduced. As-ahown in Section
11.2.8, even if all of the inlets and outlets for a single cask are blocked immediately Oter the
temperature Is read, It would take more than .24 hours before any component approached its
allowable temperture limit. There would be no consequence, if the affected storage cask
continued to operate in-normal storage conditionm.

11.1.3.3 Radiological (Coniguencs For 1hik Accident

Trere ar norradiological consequences for this c€cnt.

11.1-
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I I€1.3.4" .A•MPC'cEak=c •

The NAC-MC canister and storagý cask are i largo thermal sink, During the period of loss of
lnstruznentation, no significant change, in can.qr temperature -will occur, under normal
conditions.

11.1.3.5- Rjgwyr. d Qorcive Action

This-event requires that the temperatur repoatifg equiphient be either replaced or repaired and
calibrated. Prior to repair or replacement, the temperatureshall be recorded manually.

11.1.4 Severe Environmentil Conditions (1000F and -4011

This section evaluates the NAC-MPC for the steady state effects of high and low ambient

temperature conditions.

11.1.4.1 .Cau ,o vent

Large geographical aras.of the United States are subjected to sustained summer temperatures in
the 90 to 1000F range and winter temperatures that are significantly below zero. To bound the
expected steady state temperatures of the conister and storage cask during these severe amblent
conditions, a alyses were performed to calculate the steady state storago cask, canister, and fuel
cladding temperatures for a 100*F ambient temperature and 24-hour average solar loads.
Similaly, winter weather analyses were performed for a -40OF ambient temperature with no sol.r
load. The maximum thermal load of 12.5 kW was applied for these analyses. Neither ambient
temperature condition Is expected to last more than several days.

Detection of off-normal ambient tcmperatures would occur during the dally measurement of
ambient temperature and storage cask outlet air temperature.

11.I-R
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@ 11.1-.4.2 AnaWsis ofMtCe Off-Normal Ambient Temnratuje Event

Off-noMaltemperature conditions are evaluated using the thermal models described-in Section
4.4.1. The temperature profile for the concrete cask and for the air flow for the steady state
conditions associated with a 1090 F ambient condition.are shown in Figures 11.1.4-1 and .11.1.4-
2, respectively. Similar profiles for the -40OF ambient temperature condition arem shown in
Figures 11.1.4-3 and 11.1.44. The principal component temperatures for each of these ambient
temperature conditions are summarized below.

'1000F Ambient 40'F Ambient Alldwable
Component Max Temp. (OF) Max Temp. (OF) Temp. (OF)
Fuel Clidding 587 453 Is
Support Disks 554 412 -800
Heat.Transfer Disks 552 411
Canister Shell 347 187 WoO
Concrete 196 5 350

This evaluation shows that the component temperatures are within the allowable values for the

off-tnormal ambient conditions.

The thermal stress evaluation for these off-normal conditions are bounded by that for the
accident condition with 125F ambient temperature (Section 141.2.10), since the accident
condition has the maximum temperature gradient through the storage cask concrete wall.

Stress Intensities cormsponding to thermal loads in the canister wore evaluated using an ANSYS
finite, element model ws described in Section 3.4.4. The Oiermal stresses occur in the canister as a
result of the =mximum temperaure gradients in the canister. The finite element analysis 43sumes
that the canister contains the maximum heat load of 12.5 kWM as this ensurcs the largest gradient
for either load condition (i.e.. If the canister wast a, uniform 40F, no temperature gradient
would exist ,nd no thermal stress would be induced It. the canlster). No other loads =re applicd,
and tho thermal stress Is classitfied as secondary. The smallest margin of safety is +2375, which
occus at location 13. at the center of the bottom plate (Figure 11.2.1-1). The thermal stresses for
the support disks and eeldmenis due to these off-inormal conditi= are boundcd in the thermal

9 stress analysis p'esented in Section 3.4.4. 1.

111-9
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•11.1.4.3 Radilgio•cal Cdnsauznces

There arc no radiological consequences for this-off-norma! event.

1 !.1..4 NAC--PC Performamc

there are no.adverse consequences for this off-nonmal condition. The maximum component
temperatures amr within the.allbwable temperature values, The materials used are not subject to
low temperatue brittle fiacture.

II.1.4.5 Corrective Actions

No corrective actjons arc required for this off-norma! condition.

11.1,10
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Figure 11.1.4-1 Tempepture Profile of the Concrete Cask in WOOF Ambient Steady State
Conditions
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Figure 11.1.4-2 Temperature Profile of the Air Flow Stre=n in 100°F Ambiert Steady
State Conditions
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but are not shown due to
the scale of the figure.
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Figure 11.1.4-3 Temperature Profile of the Concrte in -40OF Ambient Steady State

Conditions
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Figure 11.1.44 Tceram re Wofilc of the Air Flow Strewa in -400F Ambient Steady
State Condition. 0
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1 11.1.5 Small Rel'tse of Radioactive Particulate From the Canist" "Ext"ri

The procedures for loading the canister provide for steps to ensure that. the canister exterior

surface does not come into-contact with contaminated spent fuel pool water, and the exterior

surface of the-canister is surveyed by smear at the top end-to verify canister surface conditions.

No particulate release from the canister exterior surface is expected to occur in normal-use.

11.1.5.1 Cause of Event

In spite of precautions taken to preclude contamination to the external surface of the-canister, it is

possible tht a portion of the canister surface may become slightly cqntaminated and that the

contamination will go undetected. Surface cobtamination could.become airborne andbe released

as a result of the air flow over the canister surface.

Detection of the release of small amounts of radioactive particles over time would be difficult to

ascertain. The release would likely not be at a level that would result in detection by any of the

* long-term radiation dose monitoring methods (such as TLDs) normally-emplo)ed. It is possible

that a suspected release could be verified by a smear survey of the air Qutlets.

11.1.5,2 Analysis

A calculation was made to determine the level of surface.contamination that results in a dose of

one (1) rinem a•unually at a point 100 meters from the ISFSI site. The 4al,.ulation shows tht at
the minimum distance of 100 meters permitted b) 10 CFR 72r, a residual contamination limit of
approximately 20,000 dpmIlO0 cm! P-y and 200 dpm'l00 cmi a activity, on the surface of each

of 16 casks yields tdose of one (i) mrem annually.

The method for determining the residual contam.ination :mit is based on the plume dispc sion,
calculations presented in U. S. NRC Rcsulatory Guides 1.109 and 1.145.

11.1-15
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11.1.5.3 Raiolgical Consguerim

The projected dose at a boundary located, 100 nteters from the ISFISI is estimated to be less than

one (1) rarem annually due to the postulated surface contamination. This dose is based on a

postulated surface contamination of approximately 20,000 dpi/lO0 cma -y and 200 dpm/100

ca? q, for each of the 16 storage casks in the design basis. ISFSI. This -analysis is highly

cons 'vative and demonstrtes flIt the potential off-site radiological consequences from the

teleaw, ofsurface contamination on the canisters is negligible.

11.1.5.4 NAC-MP- Perforrnwxe

Procedural steps are employed to ensure that the canister surface is generally free of surface

contamination-prior to its installation in the storage 'cask, The surface of the canister is f-ee of

traps that could hold contamination. The presence of external surface contamination on the

canister is unlikely.

11.1.5.5 corrective Actions

No corrective action is required, since the radiological consequence is negligible.

0
11.1.16
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11i2.1.2.2 Maximm Ca•ircr StSr Dti o jonrcrnnl Prel•ur,

Thd sLrtr that rcsult In thu canistcr due to the Internal pressure wcrc cv-ltolncd using the
ANSYS rirft clcmont model described In Scton 3.4.4. The prcssurc uscd for the
Ipsil

O The rosulh of the adysis = shown In Tobls 11.2.1-1 (primy membrane stress)
and 11 2 1-2 (prrn•ay mcmbranc plus bending stru=. The locations of the canister awlysis
sections are shown In Figurc 11.01-I.

Tlhe,-rcsull, shlw th•h the minimumm inar, of Wafyt for pr•iinao membrand sus zit At
Olocaion L Thhe minimunt niargi of vmfdt) for pFrniay mcmbr.ne plu3 bcnfing-st= ii at
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Table 11.2.1-1 Canister Primary Membrane Stress (ksl) Due to Internal Pressure (N psig) for

the Accident Pressurization Condition

- ..... -Stress Allowable Margin of
Location Angle SX SY SZ SXY SYZ SXZ Intensity Stress Safety- - _- ~. - -. - -

I uumnm am U Urn
2 m U Km
3'

3 1 1 N I N U Um-6 N _m

13'
6 5 D S a g I a r i d

A stms of "0" Indicates ftl t le stress at the lucaton Is poitime but less thm 0.1 ksi.
Compmrimti x. y, and z corm-spod to+ the Waie, circumfrenctial, and eial dirtions,

- - - - - -
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Table 11.2.1-2 Cmnister Primary Membrane Plus Bending Stress (ksi) Due to Internal

Pressure (3 pslg) for thtAccidcnt Pressurization Condition

ss Allowable Mari
Location Ai•kI SX I SY SZ SXY SYZ SXZ In ity Stress of Safedy- --- m----- m m

I I *E EE M 1U0M M M
2 iunM
3 - - - - - M-

-- -•

iin n1 1 N 0
613_

ImEmEIEm *
•- --- l-- -• - - iim

A a w M-9 I MI 0
R R ~AE 1 1 W,1 .

- - --A - -of - -i"A 2 steso""id~lsta h ts ttelaioi E'o|i,€ ~ c•t•0!kl

9
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0 11.2.2

11.2.2.1 Cede 2f AWVAh

Earthquakes are natural phenomena, which the cask might be subjected at any U.S. site. The
daligni basis seismic event Is described and discu~ssd In Section 2.23.2. This analysis shows
that the concrete storage cask containing the loaded canister does not tip over M In the
desin basis earthquake. The design basis carthquake Is one Imparting a -horizontal
RO of 0.25S

11.2.2.2 E-hakc Anohsi,

0

The concrete storage cask is a very stiff structure. Although free-standing, it has been analyzed
as a =tilever fixed at tht base (Roark). For the purpose of cok-',.aing seismic loads, the cosk is
treated w a rdgid body attached to the ground and equivalent static a na,44.,et hods were used to
calculated loads, strcsses. and overtuming moments.

The natural frequencies of the empty concrete storage cask and the storage cask and olistc1 ore
calculatod to be 89 cycles per scond and 36.1 •clces per second, respectlvl)y. The natural
frequ~ncy of the empty storage cask w-s calculated using the frcquency equation.

fru esKn)fi (Roark. Table 36. Case 3)

Tha-na1url frequcncy of Ihe loaded canister is calculuicd using:

I I I
Is - a;IT Mi 5.i

tWli~n~5 1qu~tion Ie i D)

"Whe.

CO _~~F ) A21X .i T1i

11 •.7
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Since the natural frequency is above 33 cycles per second, there is rno dynamic amplification and
the storage cask and canister are considered to be rigid bodies (NUREG-0800). Static analysis is

applied to the eviluation of the eathquake event response.

The. following paragraphs present the calculations for scceleration, overzurlng/restoring forces,

and moments for the fully loaded concrete cask

Beatu= the canister Is not atiachcd to the ,oncretc cask, the combined center of gravity (CG) for

.* concrete cask, with the canister in its maximum of,.ccnter position, mmst be caoculamed. For

convenience, a point of rotation (P.O.R.) is established st the outside lower edge of tale concrete
cask.

The inside dl=a,;tcr of the concrete csk is 79.0" and the outside diameter of the canister Is

70.64"; therefore, the maximum eccenticity betwem the two i (79.zO.64") 24.18"

The horizontal displacmen1t, x. of the combined CO 4cu to eccentric placcmcnt cf the canistcr

Is:

x 47 0 418) I .1.1. rtherefore. the distance from the postulated point of rotation to

tht. horizontAl enter of gravity i1: (60,0. 1 .11)-

Th; rcttieal loction ofthe CO t imi .X" The vnxlou momcnl rm' l.i'ini from Ihi•
calculation =rc shown In th, skech Wxlow.

ll.,4
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POni of
RjotIon

To m=intain the concretc cqsk In equilibrium, the restoring mompnt, MI, must be greater than, or
equat to, the ovrturning moment ( i.e., MI P. MO). •ii in

QCA a- 19Lk - a -W 4~-

6K! rA aI k

i1e F-Y-" t1Jh4k* ~
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* Therefore, the minimur acceleration that may cause a tip over of a fully loaded concrete cask is

= . Since the 0.25g design b#sis earthquake acceleration is less than M , the i

cask will not tip over.

-W, 4_•-_ & * .t79 m'-cask

-o0.G.. ' . . -.. .
.h . .1 , -% *a • .bc.w d

.:.q'ri'•.23B ..

rdctdon ccqUW t,6 c~jri fI~dljg a the mco~tcre aE i VA
Aig4 ads~to.x to co ndidim icfr/f2aqa, rw/D q
ir~ta Me ftf ~Oaftt60 -1 requhre 6y A1$TgNISAT
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The stresses in the concrete due to the design basis G-loads are conservatively calculated below.
The fully loaded concrete cask is considered to be fixed at.its base and subjected to seismic loads

equal to 0.25 g in the two orthogonal horizontal directions and the vertical direction.

The accelerations are:

a,- (0.25 2 + 0.25 2) O 0.354 g (horizontal- D

direction) H m -D
0.25 g (vertical direction) I

;

The following parameters are used In the
calculation:

1-f-[)--159.92

H - 83.2 in. (Location of Center of Gravity) 1 , I
W,€ -206,100 lb. (VCC weight) H . ,

D = 128 In. (concrete exteriordiameter) jv "I

ID - 86 in. (concrete interior diameter)
A -x (DI-ID )14 = 7,059.2 in. A I

! - I(D'-D /64 = 10.492 x 10IIn.'
S ,,I /21/D - 163,937.5 in?
So., a 21/ (ID) - 244,000.0 In.)

w waN W / 159.92 on456.22 IblIn.

The nmaxmum bending moment (M) at support Is:

M -w(159.92)?/2 "5.834 x 10' In,-lb

With a, - + 0-25S, the maximum tclilc stress at the outer and inner su'a c of the concrete

shell Are:

Oem,-(M /Sv•)+(cý{Wm)/A)-L +35.59+7.30 -42.91st

11.2-12
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With a, -. 0.25g, the maximum compressive stress at the outer and inner surfaces of the

concrete shell arm:

r,,,.*" ( M / S ) + (a (W,) /A. - 35.59 - 7.30 = 42.9 psi
;, b,=(M /S w,) +(o (Wx) / A) .23.91-7.30 =.-31.2 psi

The compressive stresses arc included in the load combination No. 5 in Table 3.4A4.2-1, since

they are governing stresses for the load-combination. As shown in Tables 3.4.4.2-1 and 3.4.4.2-

2, the maximum combinped stresses for the load combination of dead, live, thermal and

earthquake are below !he allowable stress.

11.2.2.3 Radiological Conseguences

There are no radiological conseqt•,ices for this accident.

11.212.4 NAC-MPC Pecrformance

This analysis shows that the Yankee NAC-MPC vertical concrete cask performance is not affected

by the design basis earthquake. The vertical concrete cask does not tip over for the design-jasis

eatthquake having ground accelerations of 0.25 g.

11.2.2.5 Recovery and/or Corrective Actions

Inspection of the storage casks :s required followirso an earthquake accident, While the cask

does. not tip over, there is a potential for movement of a cask relative to other casks and for

superficlal damage at the bottom edge due to that movement. The temperature monitoring

system should be checked for operation as movement of a cask could have disconnected the

monitoring system.

0
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11.2.3

The flood analysis presented in Section 11,2.6 shows that the NAC-MPC system would not

experience advcrse effects due to a pressure of 22 psig applied to the canister. The vertical

concrete cask will also be unaffected. This pressure is considered to bound any explosions

occuuning in the vicinity of the ISFSI.

11.2.3.1 Cguse of Accident

An explosion is an unlikely event because administrative controls will exclude explosive

substances in the vicinity of the ISFSI. No flammable or explosive substances are stored or used

at the storage facility; therefor,, an explosion affecting the site is extremely unlikely. This

evaluation is provided in order to provide a bounding pressure that could be used in the even!

that the potential of an explosion must be considered at a given site.

11.2.3.2 Evaluation-of the Explolion Event

The NAC-MPC canister shell was evaluated in Section 11.2.6 for the effects of a 4lood having a

depth of 50 feet. The water exerts an external hydrostatic pressu of 22 psig on the canister,

which results in stress in the canister shell.

The maximun primary membrane stress calculated in the canister is 8.821 ksi. The alloable

stress for accident c2nditions is 40.08 ksi. The margin of safety for prima*• membrane stresi is
+3.54.

The maximum primary membrane plus bending strmss calculated in thi.c, anistcr is 19.18 ksi. The

allowable primat, membrane plus bending stress for accident conditions is 60.12 ksi. The

margin of safety for primary membrane plus bending stress is + 2.13.

Conacquently, there is no adverse consequence to the canister as a ro.lt of the 22 psis external

pressure. This pressri conservatively bounds an exploslon event.

The canerete c43k 13 A monolithik structure that ia not affz.;tcd br the explosion overptcssuuc.
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11.2.3.3

There are no radiological consequences for this accident.

11.2.3.4 NAC--MPC Performanc

This avaysis shows that the NAC-MPC system performance is not affected by explosion over
pres .

11.2.1.5 Reyovrv and/or Corrective Actions

In the unlikely event of a -tarby explosion, Inspection of the storage casks is required to ensure
that the air inlets and outlets are free of debris and to ensure that the monitoring.system is intact.
There arc ro recovery or correctiyc actions required for this accident event.

0 11.2.4 Failure of All Fuel Rods With a Subseauet Ground Level Breah of the Canister

MR RA- -M

~~ jz~-orwntc~a

MI M
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S
11.2.5 Er cie

This section evaluatesihe effects of a hypothetical fire accident as a bounding condition. A fire

accident is a very unlikely occurrcnc-. in the stirage cask lifetimt,.

11.2.5.1 auc ofAccident

There is no probable cause for this accident event. There are no flammable materials in the area

of the ISFSI. While it is possible that a transport vehiclb could start a fire while transferring a

loaded storage cask at the ISFSI, this fire would be confined to the vehicle and would be rapidly

extinguished by the persons perfornming-thetransfer operations.

Detection of the event would be by observation of Are or smoke.

11.2.5.2 Accident Analysis

1) _ _ _ _ _ _ _ _ _ _ _ _ _ _

-n -- ,.ne

~) 1~ ffod~pp~e~r n*,
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11.2.5.3 Radiological Cor,_n,

There are no significant radiological consequences for this accident There may be local spalling

of concrete during the fire event, which could lead to some minor reduction in shielding

effectiveness. The principal effect would be local increases in radiation doso rate on the

cask surface.

11.2.5.4 NA-M.C P-Efom~nc

The pek temperature of the • is WF, which is reached ý afer the fire

The concrete temperature increases only slightly during
the hypothetical event.

.z.
Is much less than the short-tert allowable fuel temperaturc -f WF. The fuel, canister, and
support disk are not significantly affected by-the accident.

Even for the severe 10 CFR 71 hypothetical thermal accident (fire), the NAC-MPC meets Its

storage peformance requirements.

11.2.5.5 Recovery and/or Correclive Acions

In the unlikely event of such a severe fire at an ISFSI site, the operator will take appropriate

Immediate response to suppress and extinguish tde fire. Following the fire, the ;,oncretc cask
should be limnpctcd for general deterioration of the concretc, loss of shielding (spalling of

concrete), exposed reinforcing bar, And surface discoloration that could affect beat rejection. This

i.spcct'on would determine the repair acti' itics ncccssar to return the cencrcte storage cask to

Its design basis configuration.
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11.2.6 El2d

This evaluation shows that the NAC-MPC system is not adversely affected by a design basis

flood having-a depth of water of 50 feet and a flow velocity of 15 feet per second.

11.2.6.1 a~u',. of FIood

The probability of a flood event is highly dependent on land contour and environmental factors

that ar= specific to each ISFSI site. Most reactor sites are not susceptible to flooding asia result

of site selection characteristics. This evaluation considers design basis flood conditions of a 50-

foot depth of water having a velocity of 15 feet per second. This fibod is fully immersing for the

NAC-MPC system.

S1.2.6.2 Flood Analysis

The concrete cask is considered to be resting on a flat level concrete pad when subjected to a flood

velocity pressure distributed uniformly over the projected area of the concrete cask. Because of the

concrete cask geometry. rigidity, and large mass, it Is analyzed as a rigid body. Asuming Kill

immerion of the concrete cask and steady-state flow conditions, the drmg force, Fa, is calculated

using classical fluid mechanics for turbulent flow conditions. A safety factor of 1.1 for stability

against ovenrniing dnd sliding is applied. The coefficient of friction between carbon- steel and

concrete used in this analysis is 0.35 (Funk).

The buoyancy force, F,, is calculated from the weight of water (62.4 Ib/fl') displaced by the fully

Immersed concrete cask. The displacement 'olume of the concrete cask containing the loadcd

mailster Is 1030 W. The displacement ,olume is the occupied volume less the free space in the

central annular cavity of the concrete cask.

F," Vol x 62.4 Ib/f

a 64.27 kip

Assuming the stead) -sttc flow conditions for a rigid cyiinder, the. total drAg force of the waiter

on the concrcte cask Is given by the formula:
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V0 = (CI)XpXV2,() (Roberson)

-21.72 kip

where,

CD = Drag coefficient, which is dependent upon the Reynolds Number(Re); For

flow velocities greater than 6.fl/sec, -he value of C. approaches 0.7. (Roberson)

p -tmass density of water = 1.94 slugs/ft'

D = VCC outside diameter (128 in. / 12 - 10.67 fi)

V - vclqcity of water floW (15 fM/sec)
A = projected area of the VCC normal to water. flow (10.67 fix 13.33 fR = 142.2 IV2)

The drag force required to overturn the concrete cask is dOtermined by summing the moments of

the drag force and the submerged weight (weight of the cask less the buoyant force) about a point

* on the bottom edg. of the cask. This method assumes a:pinned connection, i.e., the cask will

rotate about the point on the edge rather than slide. When these.moments arc In equilibrium, the

cask is at the point of overt.lrning.

Fox(W = (Wvcc -Fu)xr

and

Fp- 113.42 kip

where:

b = concrete cask overall height (159.92 In., use 160 in. /12 InJf 13-33 ft)

Wya" concrete %night a 206.1 kips

Fb x buoyant force 64.27 kips

r , conrete cask rPdiu:.(64 In. / 12 inJft 5.33 0t)

Solving the drag force equation for the ,cloclt,, V, thAt is required to overturn the concrete cask.

11.2.21
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VCDpA

32.68 fl/sec. (including safety factor of. 1!)

To prevent sliding, the minimum coefficient of frictiorn (with a safety factor of 1.1) between the

carbon steel bottorn plate of the concrete cask and the concrete surface upon which it rests-ls,

where, Fy = the immersed weight of the concrete cask

(1.2ý1.72kip
(206.10-- 64.27 ip o.!?

The anialysis shows that the minimum coefficient of fiction, p., required to prevent sliding of the

concrete cask is 0.17. The coefficient of ffiction -between the steel bottom plate of the concrete

cask and the concrete surface of the storage pad (0.35) is grter than the coefficient of fiction

required to prevent sliding of the concret: cask. Therefore, the concrete cask will not slide under

design-basis flood conditions.

The water velocity required to overturn the concrete cask is greater than the design-basis velocity
of 15 f/sec. Therefore, the concrete cask will not be overturned under design basis flood
conditions.

The flood depth of S0 feet exerts A hbyrostAtic piessur; on the canister and the concrete cask. The
water exerts A pressure of 22 psig (50 x 62.4/144) on the canister, which results in stresses in the

canister shell.

The maximum pritM ry .wbrane stress In the canIster is 8.82 ksl. The Allowable strss for

accident conditions (1145 m) is 40.08 ksW The margin of safety for primary membrane strem is
+3.54.

11.2-22
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The maximum primary membrane plus bending stress is 19.18 Wsi. The allowable primary

membrane plus bending stiess for accident conditions (3.65m):is 60.12 ksi. ThI margin of safety

is +2.13.

Consequently, there is n~o adverse consequence to the canister as a result of the hydrostatic

pressure due to the flood condition.

The concrete cask is a thick monolithic structure and is not affected by the design basis flood

hydrostatic pressure. However, the stresses in the concrete due to. the drag force (FO) are

cqnservatively calculated as shown below. The concrete cask is considered to be fixed at its

base.

D.
* ~4IV---q 1

I I

* I

I I
I I
, i
* ,

i a

i I

WI
159.92H

V

T
I

!
|

I

h

.L ~ & i - U.
I [ii/117//ii//I

FP
D
ID

S21 .720 lb
K 128 In. (concrete exterior diameter)
n 86 In. (concrete interior diameter)

A
I

Sm

M

n (W - IDI 1164
S21 ID

*21 / (ID)
n F/ 159.92

u s (159.92)1/2

n 7,059.2 In0
a 10.492x1 In.!

- 163,937.5 iO."
a 244,000.0 In-%

" 135.82 lbf/ In.
- 1.737 x 10' ln.-lb

(M0rnnt of Inertia)
(Section Modulvs for Inner surface)
(Section Modulus for outer surftc)

(Bendins Moment at the bue)
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Maximum stresses at the base surface:

oav'= M/ SW 10.6 psi (tension or compression)

a,•,= MI Sj, = 7.1 psi (tension or compression)

The compressive stresses are included in load combination No. 7 in Table 3.4.4.2-1, since they

are the governing stresses for the load combination. As shown in Tables 3.4.4.2-1 and 3.4.4;2-2,

the maximum combined stresses for the load combination due to dead, live, thermal and flood

loading, are below the allowable stress.

11.2.6.3 Radiologicl Con2gn

There arc no radiological consequences for this accident.

11.2.6.4 NAC-MPC Performance

This analysis shows that the Yankee NAC-MPC vertical concrete cask system performance is not

affected by the design basis flood. The analysis demonstrates tha' the concrete cask will not slide

and will not overturn in the design-basis flood. The hydrostatic pressure exertcd by the 50 foot

depth of water does not. product significant stress in the canister.

11.2.6.5 Recovery and/or Corrective Action.

Inspection of tht storage casks is required following this ecJcnt event. While the casks do not

tip over or slide, there is a potential for the collection of debris or the accumulation ofsilt at the

base of the cask, which :ould clog or obstruct the * inlets. Operation of the temperature

monitoring system must be verified, as flood conditions may hac impaired its operatiom.

11.2.7 Fresh _Ful Londin in the Canise

This section eval-k'Ctes the ettets of an inadertmnt loading of up to 36 fresh, unburned Yanke•

claus fuel assemblies In the canister. This event Is not a credible event.

11.2.24
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S
11.2.7.1 Cause of Accidcnt

The cause of this eventwouldbe operator and/or procedural error. The design basis criticality

condition demonstrates that the canister is designed to accommodate kresh fuel without a

resulting criticality event.

This accident is expected to be identified immediately by observation of the condition of the fuel

installed in the canister or by a review of the fuel handling.records.

11.2.7.2 Analysis of Fresh Fuel Loading in the Canistr

The criticality analysis presented in Chapter 6 assumes the loading of up to 36 Yankee class fuel

assemblies having no bum up. This analysis shows that the maximum Kfr" for the canister in the
dry normal condition is 0.4463. The maximum Keir in the accident conditions is 0.8978. The

accident condition assumes the most reactive configuration of the fuel and full moderator

intrusion.*
The design of the NAC-MPC is adequate to preclude any effects due to this accident condition.

11.2.7.3 Hadiological -Conseauences For This Accident

There are no radiologiecal consequences for this event.

11.2.7.4 NAC.MEPC Perforf~ance

The criticality control features of the N.AC-MPC canister and basket ensure that the Ce of the

fuel Is less than 0.95 for all loading conditions of fresh fuel. There is no adverse im=act on the

NAC-MPC dite to this event.

11.2.7.5 RBegverv and Corrective Actions

This event rquires that the canister bt unloadcd vhen the Incorrect loading is identified. The
contmls placed on the movemnent of fuel assemblies is such !hat thi3 accident event will not

B occur.

I 11.225
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11.2.1 Full Blockage of Air Inlets aWd Outlets

This section evaluates the NAC-.fC for the steady state effects:of full blockage of the-.ir inlets

and outlt at the normal ambienttemperature (75•). It estimates the duration of the event that

would result in the concrete reaching its design basis limiting temperature of 3507F.

11.2.8.1

The likely cause of complete air inlet and outlet blockage is the covering of the cask with earth in

a catastrophic event such as greater than design basis earthquake or a land slide. This event is-a

bounding condition accident that is not credible.

This event would be detected by inspection of general cQI4- * ns at the. site following such an

event. It would be detected visually by the persons inspecting the ISFSI site.

11.2.8.2 Analysis-of the Blockage Event

The accident temperature conditions are evaluated using the thermal models described in Section

4.4.1. The analysis assumes initial normal storage conditions, with the sudden loss of convective-

cooling of the canister. Heat is then pejected from the canister to tho storage cask liner by

radiation and conduction. The loss of convective cooling results in the fairly rapid and-zsained

beat-up of the canister and the concrete cask. To account for the loss of convective cooling in the

ANSYS air flow model (Section 4.4.1.1), the elements in the model were replaced with thermal

elements, employing t1b axis-symmetric option. This option assures that there is no axial

temperature difference across the element. This model is used to evaluate the themWal transient

resulting from th- postulated boundary conditions.

The thermal transient anal~sis evaluated the concrete temporaturc conditiors for 100 hours. At

the end of24 hours, the concrete temperftur is 287°F, an increase Qf 122F, compared with the

initial (normal conditiors) concrete temperature, 165F. The malmum tcmperaturc it the

concrete %ill exceed the thermal design criteria temperature: of 3501F at 45.7 hft:n after the start

of th,ýCvet .•
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It Is consetvsiveiy swwmed U this this u tncgy dis{ipadton occurs In the localized volumci
of d• ,•bon scel Involvhd In uhe current flow padi th ough tbi flange to the Inner liner.
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The AT, would correspqnd to thc lrcream in the maximum temperature of the steel. For the
concrott to expcriener an Incrcs. In tempeature, the heit must dispcee from the steel line:
srface throughout the steel. Using the total thickness of the steel, over the 90 dcgrce sector, the
Increase lilttempeatture Is:

mi (.284 lb/In') r. (39.251 - 353•S)x/4 x L a 9,364 Ibm

AT, - (24.6+.14Y(9,364 x .1 13) - 0.02 F

Thercfore thoe increase imempernturc of th concrete Is not significant.

11.2.9.3 padlioJORIC2nQalM C~nreuce

There are no radlologlecal consquenccs for tIMS 1CCIdC11.

11.2.9.4 HAU- MPC Wermomiqc

This mnayss shows dhm tht NAC*MPC verticol concrete cask'A performnce is not Afrecte4 by 4

fightn~ng-strike. When ightning strikes the to*adI~cstiuh th 3.5-inchs thkk carbon stcel
storage csk luiner, the =%Iulmw Wnrwess in the steel and copecrte tempcraturcs as 12-37 and
0.O*FIImepecdtily.

111.91: M ureciv, Pn41m A araefimve 1¶1 tso

Theme are no reovery ot cantrvivc Actions required for Uds accident aveniL

11.2.10 M~~xIm'Im Antici p~tu~I If eat Load I12$'P ~inb1eu1t Tce'jrc~

Ths1 03nAySi evalutes th* NAC-NiP-C Mtponse to Ampig apenfion with An onbitnt
Impmrar of 12511F. Uth NA-C.MPC il cva-ua-4 At slead MLAt coafdimin.
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11.2.10.1 Ca f Acc.Mident

The cau.m of this condition Is a wathEcr event that causes the NAC-MPC to he subject to a 125OF

ambient temperature with full sol Insolar 1 ce. A contents heat load of 14.5 kW Is ass.med,

The condition Is analyzed In accordance with the requiremenws of ANSYIANS 57.9 to evaluate A
credible worse case thermal loading. This condition Is considered in thx load combinations
described in Chapter 2.

Detection of the ambient high temperature condition woidd occur during the daily mneasurement

of ambient temperatare and storage cask outlet air temptraturte.

1 1.2.10.2 Amlysis ofthe 125,F 4,Mbient Tcmperature Eycnt

The severe high temperature condition Is evaluated using the EenmaI models described in
Sectlon 4.4.1. The principal component temperatures for this ambient condition ax:

0I
Component

Fuel Cladding
Support Disks
Heat Transfer Disks
canister Shell
caCM14~t

125OF Armbice.
M.x Temp. (VF)

607.

574

372
22-3

El

Allowable
Mx Temp. (OF)

1058 ,
goo

sO{)

This evalatk.a sbows that the component tempcmtures 4m s.ithin fht. allowablo ampcratum for
tha Iv= high Ambient tempernturg cortj:tior

This enent is considered m -An cidcnt condition" for the prto'sd or this oAnluion.
Coraquently. t1he ftrmal stss (Wondx)r) &-,eurnIn in the C. sttrd" to Ibis 1hebms l= d038
11-110 evaluaed.
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However, the thermal strcsses for the concrete task are calculated using the same methodology

as shown in Section 3.4.4.2 for the stress calculitlon for normal conditions of storage. The same

finite clem-nt model is used with the boundaly temperatures basO mncretre cask thermal

analysis results (Section 4.4.4.1). The maximum vertical and c tential (compressive)

stresses at the concrete Inside surface Are calcqlated to be 660.1 psi "d 127.5 psi, respectively.

These stresses t.r, Included in the load combintition (No. 4) as presented In Table 3.4.4.2-1. The

maximum tensile forces In the vertical and hbop reinforcing bars Are 19,330 lbs. and 23,196 lbs.,

respectively. Comparison of these forces and the allowable forces is shown in Table 3.4.4.2-2.

As shown in Tables 3.4.4.2-1 and 3.4.42-7, the maximum combined concrete stress and

reinforcing bar force for the load combination of dead (D), live (L) and accident tempcrature (Tj

arc below the allowable stress and force, respec:tivly.

11.2.10.3 Rliojoal-cCanisgounccs

Thcro arc no radiological consequences for this cvcnt.

11.2.10.4 •jAC.tPCF Pftc&Mqanec

Ther arc no Adverse consequences for this accident condition. The maximum component

tenmpcratur•s arc I tlian the alloyable tCmpCraturs for accident conditions, and arc olso Il=

than the tcmperaturc limits for nor=ml conditions of storage.

11.2.10.5 Co nctlve Acvinns

Nu corrcctive-actlons xr rcqWud for ihis accident condition,

11.2.11 S•oro Cam c64neh dron

Thisu .onl) ls clutaies a, I•ded conctetc stotagc &mk fat a 6.ir-mh .rop oio , ¢oncteto storate

p~ji. This -valuaron sho~s tha, neihr a th k nz.te £torstm cask nor Ihe tX perice•
51di ricmt ndvcrUe €ffccLI due IQ tho e-,nch dtop ecicdcnt

11-14
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11.2.11.1 Ca s fA cd n

The -..,icrcte storapg cask, conmining the loaded canister, must bx raised pproximately 3-inches

in order to Install the inflatable air-pads bcneA it. The air. pads use pressurized air to allow the
cask to be movd across the surfaces of the transporter and the ISFS[ pad to the designated
positions. The cask is raiscd.using-hydraulic jacks Installed atjack-polnts In the air inlets.

T1is accident assumes the failure of one or more of the jacks or of the air pad system, resulting in
a drop of the crsk. A lift of about 3-Inches is required to install and remove the air Pa#.. This
hzilysls conh.rvdtlvcly evaluates the consequences of a 6-inch drop.

This accident would We detected by persons jacking or maving the storage cask.

11.2.11.2 Analwts ofthe 6.Inch fl.p ro !.e

A bottom end Impact is assumed to occur normal to tbc concrete pAd surface, transmitting the
Oxirnwrum g-load to the concrete storage c;sk and the canister. The energy absorption is
computed as the product of the compressive force Acting on the stor4ge cask and Its
displaccment Conservatively as-jming the stowagc pad is an Infinitely rigid surfmce, e.hibitin$ a
uniform Isotropic crush strength, The concrete body of the storasc cak will crush until the impact
encrgy- is absorbed.

A compressive strength of 4.000 ps' . used for the storage cask conerctc. This is con.ervtivc,
sinw "-: is Mr. -nimu.-i szpcviflcd value and it ignorcs An) cncry absorption by the internal
ffirkion of the aggregtM as Crushin proMCeCds,

T eanistcr rests upona Atand.inlet system,.i" 9,fik 1rje=T M- desiancd t* 4llow

coolrb or t'e- Unister Following 1ho initial impAc th Inlto s)stcm will pmtidll) collapse.
providing an encrgy asorption mechazism th somewhAt rMu•des thd €crceAtifn force on thd
",lstcr A de•tiled cvaluation is pmavided In •5c.tion 11.2-112.2. The weight of the empty

coacretc siuago cutk Is 11.364 pounds Th4 loaded canister -height is 54.730 pounds

11.-1
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11.2.11,2.1 Evaluation of the Concrele Storage Cask

In the 6-Inch bottom drop, the cylindrical portion of the concrete is in contact with the steel

boatte baxplpte that also supports the stand/l1-0,t system. The baseplate is assumed to be part of

an infinitely rigid storage pad. No credit is taken for the crush properlies of the storage pad or

the underlying soil layer. Therefore, energy absorbed by the crushing of the cylindrical concrete

region of the storage cask equals the product of the compressive strcngth of the concrete, the

crush depth of the concrete, and the projected areca of the concrete cylinder. Crushing of the

concrete continues until !he energy absorbed equals the potential energy of the storage cask at the

initial drop height. The canister is not rigidly attached to the concrete cask, so it is not

considered to contibute to the concrete crushing. The energy balance equation Is

w(h+6) P= PA6,

where,

h = 6 in., the drop height

6 w the crush depth of the concrete cask

P. = 4000 psi, the compressive strength of the concrete

A ,(RIS- .R11)
7,059 In', the projected =rea of the concrete shield wall

w - 151,364 lb x I.1. the wcight ofthe concrete cask. conservatively multiplied by 1.1

to Account for va•iations in tho concrete

It Is usumed h•at the ma.ximum force that can bt cie•rtcd on the cuncretc c4ak is the compreashe

strength of the concrete multiplied by the. area of the concrete bing crasted.. Thcrtfor,. the

ducleratiorn of the storme wak is dcp.ndcnt upna the comprmssihc strntgth of the .;.-ncrec. tho

cross-sectional rea of the storp cuk c lindriual body, and the %eight of the empt) atorage

cask ,ith lid, The d.eceleation duc to crush is:

I l1-16
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f A, = 169.6 g'S.

The crush dittance computed from the energy balance equation Is:

1hw (6X$51,364x1.1) -2.0361nch

P.A -w (400OX7,059)- ()53644 - 0i

11.2.11,22 Evaluation of the Canister foa 6-inch Bottom-TEndfDMooof the Sto=ge CMsk

Upon a bottom-end Impact of the concretc ,rage cuk on the storage pad, the canster produces
a force on the stand/inlet system located near the bottom of the storage cask. It Is expected that
the steel plate above the air inlet channels will yield. Calculating the flow stress, af, for the
material:

g'1 +aO'
(If 3--0

- 45,400 psi,

where,

c. E5,000 psi, A36 carbon steel ultimate strength at 200 'F.
t

qj- 32,800 psi, A36 crbon steel yield strenlth at 200 F.

The flow stress results In the deformation oflthe steel plate aboe tho air inlet ctn, •and produces
a force through.the section. The totWtl force Is

F " B(arbt),

u 1.092 X 10'Pounds01
11.2.7
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b =1.5 In., the width~of the Joa~bcaring ame

t '= 2,0 in., the thickness of the stand

This force results in an =celeration to the loaded canist;r (weighing w, .A,730:.pounds) of-

g- 19.95Wc

The area of contact between the canister bottom and stand Is twice as large as the •ross-sectional
area of tie region that yields; therefore, the stand's platform will not be perforated. The expected

crush distance, 5, or the crish area is computed by an energy balance equation. The crush
distance is:

hi (6X54-73 X.) = 0.35in.

P,4-w. (45,40OXsX2Xi.0)-54,7304-11)

which will rcduce the height of the air inlet region by only 0.35 inches.

1 1.2".11.3 RAdiolocigal Coneoeguees

Thrc us ... ..-tiological consequences for this ccident.

EvA.ntions of the NAC-MPC concrete storage cask for a 6-inch bottom end drop Accdcnt

resulM In 4 rdma.mu dccelemlion of 169.6 g for thd storag, cask, which does not reduce the
shielding CffcctjeCRes3 of the cask. The base support, which &4ntaln3 the air inles, is cnishe.
Appmximotei) v.3s inch. The effect of the reduction of the. inlet =rea by the 6-inch drop is to

ruc¢e cooling air flow. The co~stqucnc•s of the !oss ofon-l-ha~lof the A: inlets is ealuatcd in
141ction 11.1.h1 which bounds this canditim.

11.2-3•8



NAC-MPC SA1, October-1998
Docket1No. 72-10oz Revision OB

The maxh'um 4neceltration of 19.95,g for the canister and Its internal, as a result of-the 6-Inch
storage cask drop, Is bounded by the 56.1 g loading evaluated in Section 11.3, where the
adequay of the canister Is demonstrated. The NAC-MPC storage cask system is structurally
adequate to withstand a 6-Inch drop accident.

11.2.11.5 iecovery andlor Corrective Actions

Even though the storage ':k syslem remains functional and no immediate recovery steps are
required; the canister should be moved to a new concrete storage cask as soon as one is available.
The damaged storage cask should be inspvted for stability, and. repaired as required prior to
continued use.

11.2-39
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*Figure 11.2.11-1 Storage Cask Bae Plate

)
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11.2.12 Tip Over o fte Cask

This Is a hypothetical accident condition that presents a bounding case for evaluation. There are
no design basis accidents that result in the tip over of the concrete I cask

1.1.2.12.1 QM_.e ofeijg Over

A tip over event is possible in an earthqua.ke that exceeds the design basis described in Section
11.2.2. There are no other events that 'M expected to result in a tip over of the concrete cask.

A tip over of the concrete storage cask would be observed during a survey of the site fol;owing
the earthquake or other catastrophic event. The tipped over orientation of the concrete cask
would be obvious by inspection.

11.2.12.2 Analysis of the Tip Over Event

For a tip over event to occur, the center of gravity of the • cask and loaded canister must
be displaced beyond A.c outer radius ýt 9V c €t , i.e., the point of rotation. When the
center of gravity passes beyond the point of totation, the potential energy of the • cask
and canister will be converted to kinetic energy as the &=:: cask and :anister rotate toward a
horizontal orientation on the ISFSI pad. t

''sotccasgoijSf SIr.o-= ofjndjiRry a-WF"I
1

a* 6~~qub ofd thid cnri

pt;Ccvlon 1-12.12.3) -1 114q MetoWology to di(

V~odi7(m~p* tstsof Solid Steel Billet Onto Concrete Nils'"). !fie Lý-PYNA.ýTopran 14

u~~a~vi~AiW mh l~~clnetodel Includq- 4 h ak qonorjh.; quk

w ke3 Wf;t 4 arc n4-feet t12ck 6UPPotI~ng .one Concrete &.,:k l~ O~t**.d IN

11.2-41
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r _- Wvc

11.2.12.2.3 _BoundrvyCrnditlonsgand Initial Conditions

kýtW= cog@,lýt of 025 fs used st the Wuteda beiwop~1i~~4Yb~*t
bM ocoqt cask anid th a~ %df.zýk

FMW&~4 Sme (.c m~f=~ &Ud thO.bqR l EcrýWMj4
s~~acn~sfnth.&ec1=004oMAI1 to the Sw'~~ ~re jjij ýi
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CoL• c Cask Tip-Over Hbe1Zt Cb!'
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1-12.12.3 fE fr -r T

tor

kxl a secixi clkr.

11.2.12.3.1 C gnister and.Basket Model

Afinite eleine isml using ithe ANS prFm-Pf
tu~ppoA disks tot the Alp-oycr~Acciqnt condition. OU
t~ea actoss *coinponent sections. ' Addftionally8 , abvuck1irij
support disk in accordance wiýPM NUREO/CR-6322.

A .•syiu t oie-hal f (1800) m toodel is used to
baktPbx~vi~Wzject to the higlist g ~ j j c ,

Figur 11L2.12S-1, thi iiodel ' nists of the-up*pei ~ 'iil

the five supp~ortdsks. Phc ca4ister Is constmcted usn.~'1j UA
ANSYS SHELL63 elementi ame used to niodel Ibe top, wel#1met i .p4po: dik
mddel for the cans. *r fiaem'bly includes the hield an4d *4 l 11i4 guz' l 1..12,- shk..

the bfisket top woldmen: and rjvw support •Usks. A "deidilw.ro-fik ..,t"Fg rt'T
showirni auppled-loads is shownIl Figure 11.2.12.3-3. Fortlhe .
dlsk, a baskt angle of450 Is considered. This orientation.k t&IU most•.cl•l1d ut..gu Itmip*%t
c~onditions. T .wrlgh~to~ 9fu••el asembly1 aluminumr~ ia.•t ~ • f •.~s,.o ap .c..kj4

fuel wV. (factored by appropriate g.load) arm consenatively..rpresctedas coqnc.ýtrkc -foi a•-s
mld-sn of the ligaments ofthe, support disks.

9

I 1.2.48
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cask sd1 da elementsat the gut. ..m~fesl of the canxia.f £ -. •~+_ ••._•

(UrX. tJY, and.UZ). In addtdl~o; ~the axial (nY) an 1i.-pla• v+•...l. •eee o"_.! .
(ROTX' and ROTZ) of the ..skdet-.nodes are fixed.

Loading of te "model Includes an itentmal pressure o•11.5 psig.(normal €oqndition o~f'srago)
applied to the canister, concentrated loads ar appliedl to all slots (except the centra! slot where
ther I no fiic assembly) .pd the ineiial loads.

For th~incertial loads, a'ihxlniii acceleration of 4 5 ~g Is coeo,,tivcy ipplle~dto .Ic entic
model. The maximum acceleration of'thc steel liner at the Io 'tnirt"•e top s'upport dik:'axd
te t.. of tho aniter lid duri,,g the tip ovr. ,rent Is 4ctrin .ned to be 2-7.5 +n 3.•.t•4 g,
reapectvely..Th~e main p.ulse of dceleration lastn for 30 sntfllscc.nds. Tq_.detenaln the erect,

of thn..talpi .ppl•Ication of the .herta loading for the top suppcrt dik•• 4',araI Idl f~ctor
(1LF) Is cbreputed using the• mode shapes of a loadedl sutpor .Isk, The tocf. s •ne arc
extracted using ANSYS for the fl-nt four modes. Using the accoteztron tlme history deveoped

I 1,2.49
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A -J8 u91 an dl s axe - txse~ Mw ~ i

at 11aua IbA in'AO 4c 4fck

ApMe~x. TF1  ft xtmes4csn~4 not yba- e 3&
Thxbe the t st3mO-i~ 8iOt pMse~txf~rf -CLOI6 W- PE ý=LU

of f and 4.S &gw 9, adWIýaj-oM.-231
pr~eszta o all foeCJ mo (jticluaing " -ý14

The 11dC1CCdUu r1 f
the sbiie~d lid we~ldl .t. Section 8).. Ths stress mtnt is I4enStagies fWRiis oryx-MA ol-edif
at the julvtlon Md.1. a he•d, as shown in Tablo NB-217,.- of 0. ao

Subxectloa NB. Ile loclized -bendinj stress gt tdsfrictur qqjW~kufty fs claisified -ss
.vcondmy (Q sres. Ineccordace with ASME Section
not.considered for the stress cvaluntion for Level D (accIdet) coeudtlen.• Themfo.n t f'o5•
stcss ame notpresested for the tegion locol to the impact for.Sectio~n .(ungular locatlons of 0
and 4.5 dog=) InTablo 112. 123.2.

The mmes a ainrilsoratp-Over a"Cdetn moditoms A=.wt* mw mia% fl
146ty In the canster hI 0.25 for Pl (Sections 12) and 40-10 for P,,+'P.(cctd~n 10).

1I ...S 1
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of ~ -

........... 4 J-I
1111113N90?I* at ;60es ofteel.

I Accident (Le.D)f)oWWt~i-ft-5*I1 wicofO j
I Les Iserof 1.04ýkli5

Th re ss eva tion-tecultsfor fte sun~oxt disks fo .w---cf iuon
Tables 11.2.12-3-4 fthough 11.24.I3-13 Th biU'a~~
intensities ilr Disks I through A. nhe 0 1nmi'wq
5 (See MS.=r 11.2.12.3 4 for Identificat:-in of suppoz~d~skSjI. ':+PFse
occur In Disk St with the mini'mw margin of safety of 1.tjiad O7j1oftIz-o
the 10 hWghest Pand P.+Pb linearized stresses for Disk 5 ame glw ihqip~ra 114.1.2.3Caiid

11.2.12.3A4 SuMpW Disk Bue~ting Lvja g1uato

The fuel baisket support diAI3 anc 3ubjctted to compressiv andcor JncxtlnFloads duxlnj Impact
conditions. For the d~-vcr accident, the support disks experiecae I-plaiio loads.. Thc~fpýfane
loads apply copicssve force ond in-plane be-nding amonents on thea ai~ppot dL*s. BIKIII1A of
the support disk Is evaluated In accurdancc with tbo methods bndQo epa* te&a of
NUPREGICR-6322. Because~the ASME Code Idc~tIfies 11-4PH.d iat:etal As fbaidtic3.stetho
fomiuls #C41nasoato te ameused.

1 1.252
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FIRM -'E Iea8 id o4c pof i tu s

k ~ I ra1oc'ccolw4' engt to waJdi

alloy Mbli4duptlo (todimeV~nj1is

FrmNUQCR-,2 h ~wn qain x sd; otik
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|nmwCed do rate is not OlpclCd to bx slgnsfic=4, but would bc dcpj:cndl: on the ipctific

damgc Imnuzrcd.

ThM most JMinpWg9 iccoVey step Nqumrcd following i Cak tlpova -,cident is the i•.ighting of
the coerctrok ro eflnlnai the high dosp rate from !hc cxpod• bottom end. Tho , M tiitlng
oe-ation wvil requilt A heavy Uli capability- ond sigging cxpc<tc. Tho conadc cak must be
etc.jn.-i to the vertical hf rotanton sriouM a cinmvadt bottom cdg,' The concrck cask should

be rarured to the vYlc4d,•n•, s method And rigging thot controls the totalIon to vrtical.

S•frsag amd top a•odbottom edg•s of thI concrele se.k Would be, pccted to exhibit crzakwg and
possibly los o€fcoete down to h•t ia)cr of reinforcing bar. If only minor dAmSd ocuz:. ih
conom rnly ke tq~irbk usling 5YouL Othetwis. It may be ac~csssr t remov4 ihe caniswe
• r,d L,01l it 1A 11 AMw StMr, C.A.

Tho stomAt p4d must bc rMred to Pfclu4 te izrn lo on or +sstur ',•t could CA34u frther
durirortaion Oftho rjJ in rV=C-1MW qQck.2
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11.2.13 1=rn2 and Tornado Driven Missiles

This analysis evrIuates the strength and stability of the concrete storage cask for a maximium

tUiindo wind loading and for the impacts of tornado geneinted miissiles. The design basis

:omado characteristics have been selected in accordance with Regulatory Guide 1.76.

Classical techniques are used.to evaluate the loading conditions. Cask tability anzlysis for the

maximum tornado wind loading is based on NUREG-0800, Sectiom 3.3.1, "Wind Loadings," and

Section 3.3.2, "Tornado Ledinbgs." Loads, due .to. tomado generated missiles, are based on

NUREG-0800, Section 3.5.3, "Barier Design Procedures."

11.2.13.1 Cause of Tomado Event

A tornado. ip arandonm weather event having a higher probability of occurence at certain times.of

the year and in certain geographical areas.

Wind loading and tornado driven missiles have the potential for causing damage from pressure

uiffercntiailoading and from impact loadings.

A tornzdo event is.expected to be visually observed. Warning of a tornado probability and of

atornado sighting may be received f a the National Weather Servih., local radio and television,

local law enforcement officials, and site personnel.

11.2.13.2 Analysis of the Tornado:Event

Classical analysis is applied to the evaluation of the consequences of tornado wind and missile

events.

The concrete cask stability in a maximum tornado wind is evaluated based on the design wind

pressure calculated in accodance with ANSIIASCE 7-93 and using classical free body stability

analysis methods.

Local damage to the concrete shell is assesd using a formuia developed by the National

Defense Rearch Committee. This formula has bee= selected As the basis for predicting depth
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of missdle penetration and minimum concrete thickness requiremnts to prevent scabbing of the
concrete. Penetration depths calculated using this formula have been shown to provide
reasonable correlation with test results (EPRI Report NP-440).

The local shear strength of the concrete shell is evaluated based on ACI 349-85, Section

11. 1.2.1, disc6unting thex einforcing and steel shell.

Ile concrete shell shearcapacity and-shear-friction reinforc;,g steel area requirements afe also,
evaluated for missile loading using ACI 349-45, Section 11.7.

The cask has-the following properties that are considered in this evaluation:

H1= Height = 160 in
D.= Outside Diameter = 128 in
-D = Inside Diameter of concrete shell = "86 in

Wvc= Weight of the storage cask wit. canister, basket and full fuel'load
= 206,100 lbs

A, = Cross section area of ioicrete shell = 7,059in2

1. = Moment of inertia of concrete shell = 10.49 x 10' in4

f. = Compressive strength of concrete shell = 4,000-psi

11.2.13.2.1 Tornado Wind Loading (Storage Cask)

The tornado wind velocity is transformed into an effective pressure applied to the cask using
procedures delineated in ANSI/ASCE 7-93 Building Code Requirements for Minimum Design
Loads in Buildings and Other Structures. The maximum pressure, q, is determined from the
maximum tornado wind velocity as follows:

q - (0.00256) V1 psf

Where:

V -Maximum tornado wind spced w 160 mph

JA4,40
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The velocity pressure exposure coefficient for local tern effects, K, Importance Factor, I,,and
ther Gust Factor, 0, may'be taken as-unity (I) for evaluating the eftects of tornado wind velocity
p•essure.

Then:

q = (0.00256X360f) = 331L8 psf

Considering the cask. is small mith respect to the tornado radius, the velocity pressure is assumed

uniform over the projected area of the cask.

Then the total wihi loading on the projected area of the cask, F,, is then comput6d as:

F,= qxGxCr xA,

where:

q.= Effective velocity pressure (ps~f)-

Cr,= ForceCoefficient = 0.50 (ASCE 7-93, Table 12 vAth D qw = 194
for a moderately smooth surface, h/D =-13.33 ft/10.66 ft = 1.25)

A = Piojected area ofcask = 10.67 fi.x 13.33 ft = 142.2 W

F.,= 331.8 x 0.50 x 142.2 = 23,590 lbs

The wind overturning moment. M,,. is computed as:

M1 = F. x W/2, where, H, is the cask height

Mw a 23,590 lbs x 16f. in/12 x 1/2 = 157,267. ft -lbs

The stability moment, M,, of the cask with the canister, basket and full fuel load about.an cdge

ofthe bse, is:



NAC-MPC SAR
Docket No. 72-1025

JManuary 1,999
Revision OC

K= WvccxDJ2

where:

P0 =-Jiameter of the -cask = 12.gin

Wvcc =Weight of the cask with cnse
= 206,100 Ibs

M,= 206,T001bsx 128. In/12.x 1/2 = I-.-099-x 10,R-Ibs

Thus, the cask ..as a Safety Factor of approximately +7 (1.099 x 10 /1.573 x 10') against
6verturhing.v.•th wspect to the maximum tornado wind loAding and reqWzircs only a coefficient of
friction of about 0.12 (23.6 x .I(V/206. x 10) to be developed between the concrete cask base

and ISFSI support deck t(% inhibit sliding via friction.

The stresbes in the coiicrete due ta the tornado wind load are conservatively calcuilatedfas below.
The concrete cask is considered to be fixed at-its base.

p

I I
I I
* I
b I
I I
* I
* I

I F. *
I I

* I

WI
|

I

I

l
I
!
$

I
i

!i

!

I 1.
- ... -' iq. r--I
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F,
D

ID

=21,-720Ib
= 128 inL (concrete dkterior dianieter)

= 86 in.,(concrete interior diameter)

A =_%(D;-ID2 P4,
I =79DW-ID')164
S,* = 21 /D
SNO =21(11))
w = F.-159.92

M =w (I59.92) 2/ 2

= 7,059.2. in?

= I0.492x0V'in..

= 1;63;937.5 in.
= 244,000.0 in;?

= 147.5 lbf/in

= 1.886.x 10 in.-Ib

(Moment of Inertia)
(section Modulus for iner surface)
(Section Modulus for outer srface)

(Bending Moment at the base)

Maximum' stresses at the base-surfame:

0
a M.=M/S. = 11.5 psi

.=M / Sk = 7.7 psi

(tension or compression)

(tension or compression)

The-compressive stresses arm included in the load combinatio.n No. 8 in Table 3.4.4.2-1, since

they are governing stresses for the load combination. As showi in Tables 3.4.4.2-4 and 3.4.4.2-

2, the maximum combiried stresses for the load combination of dead, live, thermal and tornado

wind are below the allowable stress.

11.2.13.2.2 IT..ado Missile Loading (Storae Caske

The NAC-MPC concrete cask is designed to withstand the effects of impacts associated with

postulated torn;d& ,cnerated missiles identified in NUREG-0800, Section 3.5.1.4.111.4, Spectrum

I missiles. Consisting of: 1) a high kinetic energy mi.,sile (3,960lb automobile, with a fronlal

area of 20 square feet-that deforms on impact); 2) a 275 Ib, 8 in diameter arnior.piercing artillery

shel!; and 3) a small 1-inch diameter solid steel sphere. All of these missiles are assumed to
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impact in amanz'.-thab produces the mnaximum dafnage at a velocity of 126 mph (35 percwt of
the maxiin.mn totado wind spted of 360 mph). The csk has I Len evaliaed fo, imp effects
associated with each of the above mis"ilts.

The,prinpal dim ons and moment arms used'io this evalutiaon are shown below:

The concrete cask has no openings except for the four outlets at the top and four inlets at the
bottom of the cask. These openings are configured such that a 1-inch-diameter solid steel missile
cannot directly enter the concrete cask interior. In addition, the canister is-protected from the

inlet (bottom) openings by a steel pedestal (bottom plate), and from tho outlet (top) openings by
the canister structuil and- shield lids. Therefore, a detailed analysis of the impact of a 1-inch
diameter steel misile is not requie.
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Co&=et Shell-Loca Vama~e Predicton lTemetration, Missile),

Local damage to the cask body has been assessed using the Natkcial Defense Research

Committee (NDRC) f6rmula. This formula has been selected as~the basis for.pr.d"ctingýdcpt of
pe•etration, abd minimum concrete thiciess req.uiemehts to- prevent wcabbing. Penetiation

dcpts calculated using this formula have-been shown to povidereasonable correlation-mwith-;test

results.(EPRI Report NP-440, Section 4""Local'Respons'Evalu;tion!).

Concrete sýellipenetration depths are calculated afqfouows:

For xt2d 5 2.0:

Where:

x = Missile penetration depth
d = Missile diameter = 8iii
x = [4KNWd'°(V/1000)'31]°'

where:

K = Coefficient dependingon concrete strength
= 1801(f.')"-:= 180f(4000)"/ =2.846

N = 1.14 Shape factor for sharp nosed missiles

W = Missile weight = 275 lb -

V = Missile velocity = 126 mph = 185 fl/see

x [(4)(2.846)(1.14)(275)(84°X! 8 5/ 10 0 0 )IO]J

= 5.68 inches
x/2d = 5.68/(2X8) = 0.355 < 2.0

The minimum concrete shell thickness required to prevent-bcabbing is three times the.predicted

penetration depth of 5.68 ifiches based on the NDRC formula, or 17.04 inches. The concrete

cask wall :thickness includes 21 inches of concrete, which is more than the thickness required to
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prevent damage due to the penetration nssile. This analysis conservatively neglects the 3.5 inch

steel shell at the hiside face of the concrete shell.

Closuret Ple Local DiMage Prediction (PenetratonMissile)

The concrete ca& is closed with a 1,5;inch thick steel°.plate bolted in :place. The following
missile penetration analysis shows that the 1.5-inch steel closure plate is 'adequate. to withst.and

the impact of theo275 lb idmor piercing mi-,sle, impact"g iat 126 mph.

The perforation thickness of the closure steel plate is calculated by the Ballistic Research
Laboratories Formula- with K = 1, formua.number 2-1, in Section 2.2 of Topicl Report BC-

TOP-9A, Revision 2.

T = [0.5M.V I /672d
= 0.516 inch

where:

T = Perforation thickness
M-. Missile mass = W/g = 275 !bs/32.2 fl/sec2 = 8.54-slugs

g = Acceleration of gravity = 32.211/sece

W, V and d are as defined above

BC-TOP-9A, recommends that the plate thickness be 25 percent greater than the calculated
perforation thickness, T, to prevent-perforation.

Thus, the recommended plate thickness is: 1.25 x 0.516 in. = 0.645 in.

The closure plate is 1.5 inches thick; therefore, the plate is adequate to withstand the local
impingement damage due to the specified armior piercing missile.

Overall Damage-Prediction for a Tornado Missile Imnact (High EnerMy Missile)

The -concrete cask is a freestanding structure. Theretlore, the principal consideration in overall
damage response is the potential of upsetting or overturning the cask as a result of the impact vi0a

.1.1.2-95
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high energy missile. Based on the follow1ig-aflys~is, it is concluded-that the cask can sustainan

im"act from the defined high-'energy missile and does not overturiL

From the principle of conservation of moinentuT, the impulse of the force from the missile

imtat on the cask must.equal the change in angular momentum of the camk. Also, the impulpe

force du to the impact of the missile must equal the change-in linear momentum of the missile.

These relationships may be.;xpressed as follows:

Change in rhomentumrof the inissile, during-the deformation phase:

t2

I (F)(dt) = MM (V2 - V)
tt

where:

F Impact Jmpulse force on missile

Mm= Mass.of missile = 3960"lbs/g = 123 slugs/12 =

= 10.15 Ibm (lb see2 (.i)

t= Time at missile impact

tz= Time at conclusion of deformation phase

-v= Velocity of missile at-impact - 126 mph = 185.fl/sec

v2= Velbcity of missile at time t2

The change in angular momentum of the cask, about the bottom outside edge/rim, opposite the

side of impact is:

t2  t,
I (M,)(dt) =I (HXF)dt I(t-)

tj tj

Thus, f (FXd.t) =MM (v2 - v,)=(tip-tJ)fr

.Where:

me = Moment of the impact force on the cask
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I. = Storag cask mssmoment of inertia, about-point of rotation'on the bottom
rim'

ip, = Angular velcity at time t,.

w = Angular velceity at time t2
-Mvcc= Mass of thteVCCcask= Wvcc/g

- 6,400 slugs/12 = 533.4 Ibm (fb sec2? m)

1,, - Mass moment of in.rtia of VCC cask about x akis through center of

gravity

-112(MvX3r + H2)

(1/12X533.4) [(3X64)2 + (160)2] =1.684 x. 06 in21tm

1.3= 13 + ( Mv) (dJ 2 , where: d4 is the distance (105-inches) between-the
-cask CG and a rotation point on basd rim

iThs, 1ý S 1.684 x 10W + (533.4X105)2

= 7.565 x I0V itn2Ibm

Based on conservatioft ofrmomentum, the impuse of the impact force on the missile is equated to

the implse of the force on the cask.

MM (v2 - vI) 4 i. (01,- tXII
at time t,, v, = 185 I/sec aiid:u- = 0 rad/sec

at time tý =.v, 0 ftisec based on the following:

During the restitution.phase, the final velocity of the missile will depend upon the coefficiefit of
restitution of the missile, the geometry of the missile and. target, the angle of incidence, and on

the hmount of energy dissipated in deforming the missile and target. It is assumed, based on tests
conducted by EPRI (Ref. EPRI Report NP-440), that the final velocity of the missile. vj.

following the impact is zero. If it is conservatively assumed that all of the missile energy is

transferred to the cask:

Then: (10.25X v2 - 185 fi/sec x 12 in/ A) = 7.565 x 10 6 in"Ibm ( 0 - WjY)l60

Setting v, = 0 and solving for ol,

0 . %= 0.481 radsec
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and v2= 205 zj

* Then, v2= (205X0.481)= 98.6 iasec

Equating-the impulse of the force on the nissile during restitution to the impulse ofdthc force on

the cask yields:

-[M(Y,- vYJ = L (W,- W2/
"With: vr = 0, v2 F 98.6 in/seccand 2 =0.481 rad/sec

Then: -[10.25(0- 98.6)] = 7.565.x 10' inZ'bm (ti.- 0.481)/160

-w( = 0.502 rad/see

Thus, the final energy of the cask following the impact, Ek, is:

rv= Q.'x 0,)*/
= (7.5654x 10'X 0.502)2/(2)

4= 9.P x I05 in-Ib,

The-energy required to cvertumn cask must be eqtul to or greater than its potential energy, E.:

Ep= (Wvcco)(

EP= 206,100Jbs x 21.77 in

E 4.487 x I0V in-lb,

The high-energy tornado generated missile imparts insufficient kinetic energy to produce a cask

overturing due to the missile impact.

Combined Tormado Wind and Missile Loading (High Energy.Missile)

The cask rotation due to the heavy missile impact is calculated as:

ba = ýEk/Wvcc a 9.53x101 in-lbr 120 6,100. lbs - 4.63 in.
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Thn: co;s (bc.+1n)/ dc
. cos' .- (832 + 4.63 )/104.97 = 0.8367

= 33.21 deg

cos a • 83.2/104.97 = 0.7926

a 37.57 deg

e- dc-sii
e = 104.97s'n33.21 = 57.49in

Thus, cask rotation after impact = , - P= 37.57 - 33.21 = 4.3.6 deg

Available gravity restoration moment after missilekimpaqt - .vcc Xe)

206,06 lb x 57.49 in / 12

987,391 ft-lb >> Toa.do Wind Moment = 157,267.-ft-lb

Theitfore, the combined effects of tornado: wind loading and the Iffgh energy missile impact

loa•.ig Will not overturn the cask.

Local.Shear St.tg._ Capacity of Concrete Shell (High Energy Missile)

This section evaluates the shear strength of the concrete at-the top edge of the concrete shell due
to a high energy-missile impact bp" Ai on AC1 349-85, Chapter 11, Section 11.11.2.1, on concrete

punching shear strength,

The force developed by the missile using the methodology presented in Topical Report, BC-

TOP-9A, is:

F = 0.6 25(vXWM)
F = 0;623(185 ft/Asec)(3960 Ibs) - 457.8 kips

F.= LFx F = 1.1 x 457.8 v 503.6&kips

~1.2,99
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Based cn a rectabgular misile contact areaohaving.proportions of 2 horiionta `.• I vertOcal and"

the top of te area flush with the top-of the concrete cask the required;missile contact area based

on the.concrete punching shershmtrength, ntiecitbginforcmig s

V.= (2+4ip) (If')"°b. d, where p 2 = --2
V, -4"(,'(I) Ib d.

d=21in-3 in =18 in
(t,)rn = 63.24 psi, where f,' - 4,000 psi Y

bo = perinm'ter of ptinching.shear area at d/2T fojn missile-contact area

b,= (2b+ 18)+2(b +.9) 4b+ 36

V,= <'(V, +Vj, where V,= 0, assuming no steel.shear

V.,= V,- = 04 (f.')-mb. d = (.85X4 X63.24X4b + 36)(18).
=15,481 b+ 139,330.

Sf.ting, V, equal to F iand solving for b:

503.6 x 103'= 15,481 b + 139,330
b = 23.53 inches (say 2.0 fl)

The implied missile impact area required 2bx b = 2I2x 2 8.0 sq f < 20.0 sq &

Thus, the concrete shell alone, based on the concrete conical pmching strcngth and discounting

the steel reinforcement and shell, has sufficient capacity to react to the.high energy missile

impact force.

The effects of tornado winds and missiles have been considered both separately aid combined in

accordance with NUREG-800, Section 3.3.2 l.3.d. For the case of tornado wind plus missile

loading, the stability of the cask has becn assessed and found to be acc-ptable. Equating the

kinetic energy of the cask following missile impact to the -potential energy yields a wAximun

postulated rotation of the cask, as a result -of the :impact, of 4.36 degrees. Applyin', the total

tornado wind load to the cask in this configuration results in an available restc',ng moment

copsiderably greater than the.tornado wind overturing moment. Therefore, overturning of the

cask under the combined effects of tornado winds, plus tornado-generated missiles, does not
Qecur.



NAC-MPC SA1, October 1998
Docket No. 12-1025 Revision OB

11.3 .-Dsi&n Basis Loging of t•e Transortable Stormge Canister

The Trmnsp'table Storage Canister (cptster) ii desi&:%ed to be storedin the NAC-;MfC storage
cask an! .tralsport, in the NAC-STC Storable Transport Cask.. Th NAC-STC is .licensed to

transport. spent fuel in accordance with 100FR71 and has been issued Certificate.of Compliance

Number 71-9235; The NAC-STC has a design weight when loaded of 250,090 pounds and is

intended:to be transported by rail.

An amenoment to the Safety Analysis Report (SAR) for the NAC.STCIS being-requested, in

conjunction with this Safety Analysis Report for storage of Yankee class fuel, -to include the

loadedcanister as authorized contents [:.

The load:condition imposed'on the canister and-its basket by the transport conditions-including
the 30 foot end and side impacts and the fire.accident---re more rigoroms than those imposed by

design basis storage normal, off-normal:and accident conditions.

The complete-evaluation of "€ transport normal and accident conditions loading on the.anister
and basket is presented in the NAC-STC SAR, Docket Number 71-9235,

11.3.1 Canister !. Impact Analysis

The-canister is a right-circular shell fabricated from rolled 5/8-inch thick, Type 304L stainless
steel~plate and closed by a I -inch-thick, Type 304L stainless steel plate that is welded to one end

-of the shell. The canister is closed at the top end by the installation and welding of the 5-indh

thick, Type 304 stainless steel shield lid and the 3-inch thick, Type 3041 stainless steel structural
lid.

11.3-1
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11.3.1.1 Finite Element Mo.I Description - Canister

A finite element model of the canister was constructed using ANSYS solid (SOLID45) elements.

"1e model represents a one-half (1,80'!) section of the canister and basket. The basket support

discs were modeled with three-dimensional shell (SHELL63) elements. The model uses gap-

spring elements to simulate contact between adjacent components. Interaction between -the

basket and canister were accomplished using three-dimensional gap elements (CONTACT52)

along the periphery-of the support disks. -Contact between the canister and the cask inner shell.is

also modeled using. CONTACT52 gap elements. Contact between the canister structural lid and

shield lid is modeled using.COMBIN40 combination elements in the axial degree of freedom.

Simulation of the backing ring is accorhplished using a ring of COMBIN40 spring gap elements

connecting the shield lid omd the canister in the axial dhection at the lid lower outside radius. In

addition, CONTACT52 elements are used to model interaction between the structural lid and

canister shell and the shield'lid and canister shell just below therespective lid weld joint. The

size of the CONTACT52 gaps were determined from the nominal dimensions of contacting

components. The COMBIN40 elements used between the structural and shield lids and for the

backing ring were assigned small gap sizes of IE-8 inches. All gap-spring elements are assigned

a stiffness-of 1E8g:b/in.

Boundary conditions were applied-to enforce symmetry at-the.plane of symmetry of the model.

All nodes on the cask shell side of the canister to cask spring gap elements were fixed ;n all

degrees of freedom. In.4ddition, the axial and inplane rotational degrees of freedom of the basket

nodes were fixed.

Figure 11.3.1.1-1 is a plot of the entire canister finite element model. An isolated view of the

canister sht•,,J.*nd structural lids portion of the model is presented in Figure 11.3.1.1-2 and an

c2..ged view of the model in the structural lid and shield lid weld regions is shown in Figure

11.3.1.1-3. The canister bottom plate portion of the model is shown in Figure 11.3.1.1-4.

Identification of the sections for ealuoting the linearized stresbcs in the canister is shown in

Figure 11.3.1.1-5.

In the bottom end impact orientation, the fuel weight as well. as the basket weight are trnsfened

tQ the canister bottom plate. In the finite element model, the canister content weight is

represented by -appl) ing a pressure load to the surface of the canister bottom plate. The support

11.3-2
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0 disks inside the canister as shown in Figure 11.3*1.1-1 are set to be in-active.for the bottom end
impact analysis; The .canister bottom plate it considered to be fully supported.

For the side impact condition,.the-loads from the canister contents.weight is .ransfered- -through
the support disks into the canister wall, whichis considered to be backed by a rigid shell support
of 71.0 inside diameter. The basket, canister and the assumed support shell have different radii,
which implies that the contact anglh between the components is dependent on the loading. Gap
elements'between the baskeE and the canisteraijow the interface to be dependent on the loading.
The interface between the canister and the support shell is also represented by gap elements. The
load due to the.contents is applied to the basket via pressuae acting in'the plane of-the disks. The
weight is assu-..:J to act over the effective width of 8.254 inches in which the-disk is 0.5,inches
thick. The content weight includes the 900 pounds per :fuel, assembly (for 36 fuel assemblies)
plus- the fuel tube weight (58.6 pounds/tube). This weight is distributed- over the 22 support

disks.

Ma• "•. ."'-. o o sety i ndition.

I 1.3.3
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Figurt 11.3.1.1-1 Canister Assembly Fi.mte F.Jenit Model

Canister L.ids

Canister Shell

Basket Disk

0
"1.3-4
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Figure 11.3.1.1-3 Stnrctura and Shield Lid WeldRegions Finite Element Mesh
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@ 113,1.2 C.•,sw Bottom Side Im t Analsis

This section documents the evaluation of the canister for the 56.1 g bottom end impact and 55 g
sd impact load conditions. In.addidon to the impact loads, a 20 psig pressure load internal tO
the canister is considered. Note that the use of 20 psig is conservative, since the maximum
internal pressure for the canister is 11.32 psi~for normal conditions of storage. To determine the
effect of the 20 psig pressure load, analyscs with and without the pressure load ware performed.

The mtimum nodal stresses are summarized a:,.

m • Itntatio Jntlrnal Pressr (Mi) MaxiMuM Stress Intensity (Wcsi
Bottom End 0 4.6
Bottom End 20 3.0
Side 0 24.5

Side 20 27.1

It is concluded that the impact loading without pressure, is the limiting condition ,br the bottom@ end impact case. For the side impact case, the addition of pressurc to the im 7at !oadiuo i,
limiting. Therefore, a 2o psig pressure is t.onservatively applied to the inner surface of the
canister model for the side impact conditions, wh;!e no internal pressure is used for the battom
end impact analyses.

The .nalysis results of the 56.1 g bottom !mpact tolitons ar= presn-en in Tables ! 1.3.1.2-1
and 11.3.2-2. Resclvs for the 55 g side impact condition are shown in TabW,, 11.3.1.2-3 nd

11.3.12-4. The s=etion strmssm presented in the tablet =rc identified by a section immber. A
cross-sction of the canister showing the section numbcrs i.- prcsented in Figur= 11.3.1.1.5. A
summa.y of te, canister minimum Margins of Safet) for the evaluated imp4ct con'Yions arc
shown In Table 11.1.2-5; The margins of &--"ty ar calculated a" KS. ' (allowable
strssSI.) -1, whore S.. Is the cnlcaloted struss intensity.

For th bottom cnd Impats. the str=.Art csesntiall tnifornr. ,aoun the circumlfrcn€. For
the sidC impact. the stMsscM %,ar> U0o0i k CiAUfCrer . Theforce. ik iu•ftx=1ia! =ale
at which the maximum tresu occurn is noted in the tb.lc, in paz•.heses bIsde the section

nuwer The ailowable- suss prcxnted In the Wles ur for T•pc 304L stinles stcc, excCpt0

11-3.9
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for itio 10, which is fo'r Type 304 stainlesssteel. Thesi allowables ate evaluated at 350*F

(maxirmu calculate' peraturt in the canister is 319*F fpr niaI conditions of storage).

A0.stonally, stress results f(- a 20 g bottom end impact and a 20 g side impact are listed in

Table 11.3.1.2-6 through 11.•.1.2-9. Since the s..ts arbounded by those of the 56.1 g bottom

end impact and the 55 g side-impact conditions, the stresses arc listed without showing the

Margi Of Saf'ety.

113.10
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Table 11.3.1.2-1 Canister Analysis Results for the 56.1, g Bottom End Impact (Primary

Membrane Stress)

Compneot~Stu~ (si) uka Slraua (pOi ANOW. Margin
No. Sx , . Sz SXY Syz SXz St. S2 S3 SJ. Sims S,.
I .70.7 -1971.0 -31.1 176.2 70.3 '2A -51.6 6O.9 -1 4990.0 1938.0 39WC 19.12
2 2.7 -5155.0 .1180 OtA 64.3 4A 297A -187.0 4187.0 685.0 39000 6.11
3 2. .487.0 0.9 0.0 0.2 00 21 .9 -4867.0 4W,0 3900o 7.01
4 -2131.0 -2251.0 -1084.0 0.0 73M.3 0.0 -729.3 .2131.0 .W205.0 1876.0 39000 19.79
5 2510.0 .2096.0 -1535.0 .310.9 .0.9 278.1 2549.0 1553.0 .2117.0 407.0 ý9000 7.3
6 651.9 1897.0 M78.0 15.4 64.7 -104.6 1900.0 561.0 488.0 2!4,0, 39000 14.07
7 43028.0 979.9 .1533.0 -38.1 39.6 CO9 1014.0 -1631.0 -063.0 4077.0 39000 8.67
5 588.3 4496.0 -2019.0 4886 119.6 210A 659.5 .2031.0 -3554.0 4214,0 39000 8.25
9 82.5 4-82.0 942 6.5 51.3 -0.5 98.5 2.5 W -WA 785.0 39000 08A6

10 183.8 .-. 9 158.1 43.7 -77.1 "5.7 195.2 183.5 -125.7 320.9 o
11 -469.6 -9A .487.5 48.0 -75.2' -1.2 7A -470.1 483.A 491.2 39000 78A0

1. Sctions•are idenUfsed in Figure Se1.3.1.1-S. Srsses are reported in a cylindrical coordinat.system (XYZ)

corresponding to radial. ccurnferential and axial direct.ions respectively.

Table 11.3.1.2-2 Canister Analysis Results for the 56.1 g Bottom End Impact (Primary
Mcmbrane Plus Primary Bending Stress)

.No.
.Ccmponent SMUSaa (p0, Ptiacit _Strwts (Mri) - Mow. MIarg~in of

SIM"a I SafSX sY Sz SXYr Syz SXz
I I I II • • im I

1
2
3
4
5

7

10
I I

39a.0 .4,M.0 .-38.7
-198.0 .7,530 85,1

21 -457 0 2.9
-2259.0 -303.0 .7045
1450,0 -103aw .4379.0
533245 5269.0 93Z2.
.W38.0 83800 9358
44030 .11585. 0 1.416
1051 4404 1003
49410 no0 a 89On0
-4005 .1951 .40080

125.9
0.0
I1
0.0

*176

47 24

81

292
474

677 37.0
-32.4 0.0

CA .01
005.1 0.0
3.7 410.7

6.3 -170.0
41.6 190.1
1604 3457
604 ,1.7
.724 359
-79.5 .!4.9

Vsl 62 , 3
405.2 .3=1. -268.0
85.2 .19W8.0 .7553.0
30 21 4,7 0

.451-8 .2259.0 34U2.0
14M5.0 .44070 -14390.0
O5870 3041.0 17•1
440t.0 W5.A -239.0
420.0 .50o.0 .16510
10 1 104.0 4911

,9000 4876.0 222.0
.19% I .4079:0 .4115.0

309o.0

2383,0

11583.0

10790.0
6149.0
797.2

3522.0

58500
58500
68500
68500
58500
58500
58500
58500
58500.

68500

19.29
1.92
1158
4.42
$.11

72.38
LO
13-92

. -.......- . - . - . -

I ¢tons VrC wcntI-d is•n tipurn 1•,nt . 1.3 Stresseos rscp cd Ina cy.iaddcal coordinnI Syem (YZ
CO=NdL1 tsonig 10 dfl. cicumrierntil mndJ ax13I dirtelions respectivoly.

S
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Table 11.3.1.2-3 Canister Analysis Results for the 55 g Side Impact + Internal Pressire (20 psi).

(Primal Membrane Stress)

SOW01 Carow~ot Strewa~ tpio ffixiuI Sime"e wpI ~ Mdw. Macp& of
NO. Sx . Sz wSX SU Sxz, S. S2 S3 sW. sttre sawy

1(0') -14580A 1050.1 -9311A6 .23545 -21A1 -904.0 10632 4163.7 -14827.2 15917.7 39000: 1.45

2(0') -43M9.4 62.4 .7415.7 -314.3 -438.9 478.6 111.6 -3358.7 -7501.7 7612.8 39000 4.12

3(180") -4.6 -12132 58.7 011 -4.0 .45.8 590.3 -8.1 -12132 1602.5 3900 20.64

4(9,) -1145.4 3043.0 47502 -333.0 2851.1 2020.7 3976A 4329.0 -17301.2 21276.1 39000 0. 3

(W0) -10663.5 1232.1 -7604.7 -1756.4 13338 .924 1662.0 -7961.0 .11146.6 128034 39000 2.W.

-M 234677 3813.8 -1125.6 -27683 118.1 38.0 325U.2 412934 23855.7 20594.5 39000 0.89

7(9) -11503.1 654.7 -4158.7 -3.6 1665.5 91.7 12992 -473.6 .11639.5 12939.7 39000 2.01

8(O') -19367.6 4979.8 -W814.2 -982.6 865.8 -756.5 -4697.7 47952 -19472.5 1477U6 39000 1.64

9 -2146,A -15.3 1105.2 -2.9 -14.7 -78.0 1107.3 -15.5 -2148.6 3255.9 39W00 10.96

10 -1032.3 -44 331.6 -59.4. -2.1 -2%1 332.3 .4.9 41036.3 135A.4

11 -11314 1.3 373.3 -25.5 -5,1 -3Z.8 374.1 -0.7 -1132.5 1506 39M0 24.68

I. Sections are identified in Figure 11.3.1.1-S. Stesses aret rexpled in a cylindrien coordinate system (XYZ)

contsponding to radial, circum fnrentia! and axial directions respectively.

Table 11.3.1.2-4 Canister Analysis Results for the 55 g Side Impact + Internal Pressure (20 psi) 1

(Primary Membrane Plus Primary Bending Strss)

,ctmp caAo M s .. ,re si,) am) E uI stiseS (P• i aw. -•M6rn of
No. SX SY 6z , XY SYz sxz SI .5 S" 5i safe,

1(0) .2441.3 457.1 -12761.5 -195.5 106.1 424.5 459.5 .12709.0 -94M.3 23•5.6 85 1.31

2(0) .2530 -1326.5 ,983.6 -2 1 441.0 .-1.3 -1216.5 .26U2.3 4006 '8Z3. 6 G47

3(0') 89.9 2039.5 31902 2.7 38 15 Ig9 =7.7 2038.5 81.9 313.5,9 5500 1771

4(9') .13594:0 WE44.6 -2019.6 933 2241.9 262.1 9 .2 18013.0 .14533.6 2,421.9 68500 1.40

5(0') -142,1.0 20773 49239 ,4'2 1 10485 .-151 2445.4 .7037.2 .14512.4 14950.3 58500 245

U(01) -329M.0 .7802.0 -15215 2 .41409 14775 155.3 ,920.8 .154564 ,=3.•-I 28716.3 58500 I1t

7(9') 90796 4063 ,1904 536 IO0U. 174.6 52503 -1894.8 ,40.5 14711.9 5•50 2.-N
RVQ') .26144.4 .7245.6 412,441 21077 13516 4079 67103 412971.2 48354.1 21643.1 58500 170

9 -272 7 .33.2 10884 239 -149 -754 102.5 -33.5 ,2174•A M54.3 8500 16.92

10 .13800 .10., 297.- 430 -29 -408 24 O .8- .1.V-.2 1583.1 "a pS
11 .144.3 .1.2 3W.1 .-256 .5 .a35 355 1 ,0? ,1 44 17C0.8 58500 1 4

c0orreoNpdin to radio. eircumrertntiu| jwd wal directions respwcivey

11.3.12
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Table 11.3.1.2-5 Summary of Minimum Margin of Safety for Canister Impact Analysis

DMp Stress. MinimumnW i Section
Orientation Loading Condition Evaluated of Safety No.#

bottomead 56.I gimpact P, 6.11 2

bottom end 56.1 g impact P. + Pb 3.92 5

Side 55 g i.miwt + internal pressure. (20 psi) P. 0.83 4

Side 55 g impact + internal pressure (20 PSi). + P+P, 1.19 6

* See Figure 11.3.1.1-5 for section locations.

11.3-13
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Table 113.1.2-6 Bottom End Impact (20 g)--Pnmay Merbraeý tzses1

TO - , .Stresses(0i) Pu1Si ,SLs |(

No. SX SY SZ SXY SYZ SW', SI S2 S3 S.

I -25.3 -704.5 -1292 63.1 23 .1 1.0 -11.5 -. 129.1 -7113 692.1

2 103.7 -1154.0 -422w7 32.7 1.4 331 106A4 .424.7 -1155.0 1961.0

3 0.1 -1740.0 0.3 0.0 0.1 0.0 0.4 03 -1749.0 1741.0

4 -760.4 -100.7 -389.0. 0.0 2632 0.0 260.7 -760A -929.1 6614

5 905.9 -756.4 -546.9 -107.1 .2 99.9 919.5 -5535- 7635 1623.0

M65 704.2 -233.2 5.1 30.5 -37.5 70.2 199. -237A 942.6

7 012.0 339.2 -546.8 -127.7 13.9 19.5 350.9 -546.2 -1014.0 1435.0

9 07.7 -1240.0 -718.6 162.8 42.2 74.7 232.4 -723.0 -1260.0 1493.0

9 29.5 -243.21 33.7 23 20.1 -0.2 '35.3 29.5 -244.7 210.0

10 70.7 23.7 69.5 16.0 -20.2 0.7 110.9 71.0 12.1 61.8

1I -161.1 50.4 -157.0 .16.1 -39A4 -I.A 58.9 -161.5 -165.1 223.9
1. Sectlons r dntied in Figure Stsses arepoted in a cylidical coordink sliter (XYZ)

corresponding 0 radial, €ircurn~mf lal and axial directions nbctFely.

0Table 11.3.1.2-7 Bottom End Impact (20 g).Pima.y MembranePlus P"p.mny Bending Stresses'

Section. P. + P6 Stresses (psi) Princial Stresses (P.i)
No. SX SY Sz sxY SYZ SXZ SI S2 S3 $.1.

1 142.5 .957.2 -136.2 45.1 24.2 133 145.1 -1362 -959.7 1105.0

2 711.1 -2701.0 30.4 0.0 -13.5 0.0 30.5 -711.1 -2701.0 2731.0

3 0, -1741.0 1.0 0.4 0.1 0.0 1.053 0.8 -1741.0 1742.0
4 408.8 -1111.0 -254.6 0.0 290.6 0.0 -1653 -808. -1200.0 1035.0

5 522.1 -3735.0 1569.0 111.2 1.6 147.5 535.4 -1580.0 -3738.0 4273.0
6 1194,0 1910.0 344.1 248,9 19.6 -60.7 2012.0 1097.0 338.7 1674.0

7 ,838.6 2970.0 331.1 ,166,6 14.8 09.5 29720 33M52 450.0 392719

I 1555,0 -560., -178.8 213.3 56.8 122.6 J586.0 -183.1 -517.0 2173.0-

37.6 .244.7 35.9 2.9 21.5 .0.6 38.0 37.2 -246.4 284.4

10 2529.0 140.9 2515.0 13. .17.2 12.0 2536.0 2508.0 140.7 2395.0

11 -1138.0 -19.4 .1389.0 14., .41.9 .6.1 -17.9 -1310.0 -1393.0 11371.0
IScIons a IdcrtW i In fi gu= 1 1.3.1 i-5. Sr•-V.Cs aC'r1Cpred In a cylin l ¢o1rdim .ty .jn(Xm). ...

coxrtc ding to rdial. circumfccnt!l and Pamlt directions rspectc•,,y.

I

4

A

0
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S Table 11.3.1.2-S Side Impact (20,g) + IjntemanPPresue (20 psi) - Primary Membrane Stresses'

Sectlrn Fý Stresses (Psi) Principal Sbst&L"(PsD
No. SX SY SZ SXY SYZ SXZ SI S2 S3 S.L

1 -10227.0 256.0: -4685.1 375.9 199.7 -9083 873.9 .-4543.6 -10386.4 11262.0'

2 5431.7 1884.3 -732.0 -276.8 -292.7 .442.5 5481.0 1902.2 -800.0 6281.1

3 -692.7 765.9 1360.0 4.7 -5.3 114.9 1367.4 765.9 -09.1 2065.7

4 -292.6 2090.9 -659.1 159.2 1019.3 427.2 2660.3 279.9 -482.3 3142.7

5 -9019.0 -32.9 -3701.6 -1049.6 954.2 -599.5 345.1 -3914.4 -9134.7 -9529.7

6 -15561.2 -26142 -4J03.6 -1996.5 811.3 -748.8 -20102 -5071.0 -159%6.8 13383.5

7 1925,2 1097.9, 814.8- 69.9 485.8 -45.5 1931.5 1460.7 446.1 1434.8

8 -14051.2 -28522 -3555.8 -677.4 842.2 -1202.7 -2161.2 4080.1 -14219.0 12058.9

9 -478.9 -198.6 8063 71A 22.0 -22.2 207.5 -181.7 -496.6 1304.5

10 -425.3 -1.7 78.9 -25.7 6.7 -10.9 79.7 -0.7 -427.1 506.8

1I -382.5 -2.7 174.5, -16.4 2.8 -13.3 174.9 -2.1 -383.6 553.5
1. Sections are i•kntified In Figure 1I3.1.1-5. Stresses are reported in a cylindrical coordinate sitem (X,YZ)

corresponding to radial, circumferential and axial directions respectively.

Table 11.3.1.2-9 Side Impact (20 g) + Internal Pressi'tr (20 psi) - Primary- Membrane Plus
Primary Bending Stresses'

Section P. + 4 Stresssl)
No. SX SY 'SZ SXY SYZ SXZ S. S2 S3 S;1.

1 26047.2 .2107.7 -10104.3 413.8 217.7 -1-116.8 -2095.1 -10030.9 -26131.1 24044.4

2 -- 4429.3 -13241.0 1092.6 364.4 886.8 75A4 1156.6 -4409.4 -11324.9 12478.3
3 ,759.6 1193.5 2M9.1 7.9 -5.9 227,3 2842.8 1198.5 -774.0 3617.7

4 599.0 4274.1 2236.7 208.0 755.2 3083.4 ,603.4 2456.9 50.1 4553.0

5 -11146.6 26.7 -3044.1 -1644.2 728A -827.9 466.5 -3183.6 -11450.7 11912.1

-6 -199('V6.8 -45L.8 46797.0 -2643.5 1026.7 .594.2 -3707.8 .7185.0 .20447.7 16735.7

7 2385.6 321.5 419.3 86.5 664.6 -648.9 1677.8 651.1 -962.1 2639.3

8 ,18046.4 .4393.9 ,5$81Z.7 -1420.9 1203.8 -864.6 -35222 -6506.6 -102352 14711.9

9 -.956,6 7.72.7 869.4 754 9.5 10.3 169.6 -165.6 -%3.4 133.0

10 -1095.8 -29.5 -493.6 -2$.3 72 .8A.4 -28.7 -493.2 -1096.8 1068.5

11 -814.4 .19.7 -1901 .16.0 3.0 .15.9 .19.4 .189.8 415.2 1795.
1 -ec tlfI ed. ri-' 1 3 _ -4--S-,mse am repoite' in a cylinddcal coordift ue (X•j XY•)

xvoraonding.to rWK1i, c1.ccumferonual and vdal dtirctionsrcs•pclivcly.

11.3-15
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11.31.3 Canister Buckling Evaluation for ic Bottom End Imbect

The canister shell is axially loaded by the weights.of the structural lid, the shield lid, and the

inert weight of the cilel during a bottom end impact. The impact load amplification factor is

56.1g., The shell is evaluated as an unsupported, right circular cylinder using a critical buckling

loadlper Blake, 2V Edition, "Pmacical StressAnalysis hrEngineering Design.

E(o.605-10-7M')
Sq., M( + 6.004t)

40:3 kii

The canister material is Type 304L stainless steel. Conservatively assume the material

tenipemr,•e to be at 400°F for this impact condition.

E = 26.5E+03 ksi k = (69.39 + 0.625)t2
= 35.01 inches (mid-radius of the canister shell)

S, =17.5 ksi t= 0.625 inches (thickness of the canister)

I= ES, and m =-R4t

=1514.3 =56.0

The axial compression load in the canister shell L:,

P. = [ (n /4) (69.03') (8X0.291) + (n 14X 70.640 - 69.39 X121.5X0.291)] (56.1)
P, = 761,457 pounds

and the axial compression stress is:

PA
8'=(%/X70.641 . 69.391)

S,= 5,540 psi

The margin of safety is:

(SJS,)- I a + 6.3

a

1,1.3-16
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Pocket lig;72-1025 eýonC. 11.3.2 Canister Fue! Basket Analsis

The fuel basket in the transportable storage canister is designed to contain up to 36 Yankee class
fuel assemblies. The bask,,,t s'zcture has a.right circular cylinder configuration and consists of
36 square tubes supported, by 22 circular suppart disks, and a circular top. and bottom plate,.
which are retained by eight axial tie rod&s The support disks and top and bottom plates are
scpenated-and supported by split spacers at the tie rods. The configuration of the basket is.shown

in Figure. 11.3.2-1.

Eachfuel tube has b 7;8-inch square inside dimension, a 0.048-inch thick wMll, and can hold one
intact fuel assembly. The fuel assemblies together with the tubes are laterally supported in
square holes in.the stainless steel suppoit disks. Each circular support disk is 0.5 inches thick

t and 69.15 inches in diameter. There are three different web widths in the -support disks. One
web width is 0.750 inches between the holes, one web width is.0.810 inches between the holes,
and one web wO1h is 0.975 irmhesbetween holes. The top and-bottom plates are both 0.5 inch
thick and havc same diameter as the support disks. The disks are spaced and retained by tie
rods and split spa'ers (spacers) at eight lcoc3tions near the periphery of each disk to- form an
integral basket assembly. The fuel b-sket contains the fuel and is enclosedby the canister. The
canister has a 70.64 inch outer diameter and 518 inch thick walls. The overall length of the

canister cavity is 122.5 hiches, wv.ich encompass the entire fuel assembly length and. the
thickness of the shield lid and structural lid. The canister shell ih fb.bricazJ from Type 304L
stainless steel.

The material of the support disks is 17.4 PH stainless steel. The top piate and the bottom pbc
are fabricated front Type 304 stainless steel. The fuel tubes are madi from Type 304 stainlesi
steel. which also encases the BCRAL neutron absorbing ,ate.al. The tie rods and spacers arm
fabricated from Type 304 stainless steel. Thr fuel tubes ,rc not structural comnponcnts, and are
not considered in the basket evaluation. R. tie rods and spawrrs locte and struettarally o-emble
the circular support disks, keat trmaster di,.k, and the t.op and bottom Jat,..s to form An integral. assembly The spacers carry the veight of the support disks, heat tr,=mfer dia6, cndplate and

11.3.17
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their own weight in the [ end impact loading condition. The end impact analysis uses classical

closed form methods that are evaluated independent of the finite element -basket model. The

support disLcstructural evaluationis perforMed using a finite element model of a single disk. g'j

The structural analysis of the basket componfents is in accordance with ASME Code, Section III,

Division 1, Subsection NO, "Core Support Sht'ucures." In addition, the stainless steel/BORAL

composite fuel tube has been evaluated for a postulated impact load.

11.3;2.1 Stres.Evaluation of Supo~rt Disk

To determine the structural adequacy of the support disks a load equal to

the'weight of the fuel and-tubes multiplied by an.amplification factor is applied towthe support

disk structure to simulatea.a,7 efid impact. For accident conditions, the amplification kJ for

i'-l ' end impactI _16.f9"g.

A finite element analysis is performed, utilizing the ANSYS computer code, to calculate the

stresses in a support disk in accordance with ASME Code Section 111, Subsection NO. In this *
subsection, linearized stresses of cross sections of the structure are compared to the allowable
stresses. The maximum primary membrane stress intensity calculated in the support disk is

compared to the allowable stress limits for accident conditions is, 0.7 S. or 2.4 S., whichever is

less.

11.3.2.1.1 Finite Element-Model Description

A fie n em ei models used to evaluate the basket .upppo. rtt . acc__l.nt
condtiozdxvi. "chthe lodare e dicular to the plise of the d4

c tsof,-Arsw •, h-.bbckIc eof•. ncw W -Iur . -Vto

the -oflplaboeabi)W rl c h Is prcset -in fth v444r~ &a-7te'i
supp;rt-fts is r Saneb`thc split spacers on the. efgh t06zd. bC5s M- -u0 t
fthlocatio of ti~dtiroas-arc res*aied In the out ofl~hdý j* ý *v

(located- 900e~r from echA othr) LtL the t ~o4

11.3,18
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Ii
I K
I

1 1.3.2.1.,2 Suppor Disk !End !MW- ý Analysis Results

^ t--rek ANfow.YS..

,&s idntid in Epie 132-3 .am cue to _

--.0.2.1.2 s S u t DoiskEd rTtS6 Anasis ResultsASBCodeSotioziII Subscctaio 1 MG.S.0~tnt~l W

2 .0 N4 024 .4
3 0 NIA 0441.9
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II.3.22 Evaluation of Tie Rods and Spacers for an End Impact Condition

The design end impact loading for the 1" basket is 56.1 g. The structural capacity of the spacers

supporting the basket is cvaluated using classical analysis. Accident loiding due to the 56.1 g

impact of the fuel basket was compared to the stre• limit-of 0.7 S. in accordance with Subarticle

NF 14AO ofthe ASME Cod&.

No detailed evaluation of the tic rods is required. The tie rods. serve basket assembly purposes

and are not part of the load path for the -condition evaluated. The tie rods are loaded during

fabrication by.-a 190 fl-lbs preload. Under impact conditions, the preload will be reduced. The tie

rod design is, therefore, acceptable 1y inspection.

During thc-end impact, the spacers are loaded with the weight of 22 support disks, the aluminum

heat transfer disks, one end plate, and the weight of the spacers. The load is resisted by the

effebaie area of 8 spacers. The compressive stresses are calculated on the cffccti,'e aiea of the

spacer.

The material allovable stress is conbenatiel) selected at a temperature of 500*F. The analysis
inputis

stress limits

loading criteria (g)
evaluation temperature

0.7 S. (accident condition)
(more limiting than 2.4 S.)

56. I g (accident condition)
S500OF

11.3-20
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0all Canister Basket Parameters
- - - fuel basket we•igt

bottom wdiinmet weight -
fuel tube Weight (36 tubes) =

rod diameter
spacer'outer diameter

9,536 lbs
438 lbs
2,164 lbs
1.13 in
2.50 in

saterials
tie rod SA 479 Type 304 Stainless Steel

A 511 Type 304-Stainless Steel.spacer

Material Allowable
Type 304 SS Ss.= 17,500 o (5000F)

S = 63,500.psi (500°F)

The sPacer load is-calculated as follows:

Total wtight of basket = 9,530 lbs

-Lem. weight of bottom weldment = -438 lbs

Less weight of fuel tubes
Therefore.

I g load on spacers

= -2,164 bs

= 6,928 lbs

Appliedg level

End impact load on spacers
= 56.lg
= 6,928 x 56.1

= 388,661 lbs

The effective area of one spacer at each of eight locations supporting the weight of the support
disks is equal to the Pet area of the spacer and is calculated as:

Am 314 x(2.- 125')
4

= 3.68 in

11.3-21
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Alp average compr•, ive itress, S, in the sacer is:

S, 3.88,66;

803,68

= 13,202 psi

The alfowable stress for Type 304 SS under accident covditions-is 0.7 S,.

so = 63,500 psi

0.7 S. = 0.7 x 63,500
= 44;500 psi

The margin of safety (MS), which is defined as 7 - 1, is calculkted'as:
S.

44,450 _ 1 =237
13,202

Therefore. the spacers are structwpljly adequate for a 56.1. g end impact under accident
conditions.

*

11,3-22
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Figme 14.3.2-2 Fuel Bgket Supplrt'Disk
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Table I1.3.24 Support Disk.
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Table 11,324 Support Dik
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Table. 11.3.2-1 Supporl Disk
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I=Support Disk
-IL I .-

Table F 1.2-1.
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Table,.l 3.2- Fe V .
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.S
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Table 11.3.24
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114 .21 Fuel Tube Ananis

The BORAL neutron poison platcs art supported by the fuei tubes widimth-e canister basket. TIe

fuel tube inust preserve-the gtomctry of the BORAL in the 6 inch drop and tip over accident
events of the storage cask. B The fuel tube has been evaluated.for an en4, drop of 56.1 g and a

side 4rop of 55 g for the hypothetical accident events-for twansport. That analysis is presented in

the Safety Analysis Report for the NAC-STC, docket 71-9235. That analysis shows that the

BORAL neutron poison remnains in place in the end and side drop conditions. The fuel tube

cdnfiguration is shown in Figure 11.3.2.1-1.
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0 Figure 11.342.1 Yankee Clus Fuel Basket Tube Configuration

U
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ThO twsow of *h top Wn thebottom wldamet pbuts of thc fibc1 basket assebly to a 56~ g
sKcldntg ipac IWa art cxuaznine. Tbit top, sM bottm wetdme ot r 0.5-inch Whick plgat
contrcW of W40, Type 304 s•aWna". The wcldm ts sufl~on th* own wtight plus.
the, w•i• of 36 fh ld asmbly tub a,

A WC ckcat aysis is perdmxd fo r both P ,tsj O1n the f v 1 for each wd-ncw t is
tbe o o f orh. bM st x. .ghttie-rodcto&,

Wn a 4=ruatfatrcnl &ig support tho top wldretý AWi Its k*&d 4wing a top-end d~p, These
stroctuni componets #= modeled vu ft~ato rautalnt in the direction of the cad drop.

7UhoodImm the.fwtube P.M 3potwg dsyl= qv nttras p atf~ pp1W ot wndl at
the periphery ofT the fuel assmbly *ios. An ovW point 1b=-* a s pplkc Th -plicatiOr of
0h MMda o03&C 64e slot PtriPhery 14 S=Cex SiOCC tb* btube'4 w igt UA=.trainite to &h Cdge Of
fth Amot whch proivId3 support to the Wue W=b In the en4 &Wo conditimc DA ocknides use the
SHVLL63 cleentwhc t pcrmits out of plawi lo*d&&. The fsnlr clemnt. modcL- represt onc-
quwwe gedons-ortho weldMCt.- filvas114 abxou 1112t4 sbow the hizi clement
models for fte wrldaea &
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J I i . |

FgIvm 11342.F Top Weldrnent Finite Element Model with SuwctuW Applied Lods'

Force representing FueI Tube
weight

I1. DjIspI~cnn =Ai~diton nlot shown.
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. Figurc-11.3.2.1-3 Bottom. Weldment Finite Element Model with Stnztinl Boundary
Conditions

1
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Figiw 11.3.21-4 Bottom Weidment FMite .Iamnt-Model-with Struchual Appliod
Conditions'

~- Force repprenUng Fuel Tube
welght

1. Disphecameticor~itions not shown.
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I11324.1 Resul•tsof Fuel Basket Weldment Analyses

The-analysis wsing the applied nodal forces demonstates that the wcldment design satisfies the
pribary membeaw (P.) and the pmary membrane plus bending (P. + PF) stress critmia in
ASME Code, Section Ill Division I, Subsection NO. Conservatively, nodal stresses, in lieu of

sectional stresses, are used to comiore with the stess allowable. For the end impact conditions,

&e, P,. ., tes arm essentially zero since he weldments are subjected to bending load only,

Hence, the following criteria for the P. + Pb stresses was used in the evaluation:

P, + Pb <'3.6S,, orS,, whicheveris less.

(Note: For Type 304 stainless steel in thast tempemrur ranges, S. is smaller than 3.6S..)

The marginr of(MS) was ca'cuated as:

M.S. Allowable Stress
Nodal St .Intensity

The minimum margins of safety for each weldmne, t for the end Arop condition are shown In •

table .. The allowable stress Is determined ba;sd on a tempcrature of 5301F. Wis
temperaturc is cstablishWd by using the mntimur, lemperuture of the support disk for normal

conditions of storage. The minimum Margins of Safety for the top/bottom weldmentis for •t.

$6.1 ;cnd Impact ao.:

SComponent
oip-wdrt

P41 +Ft (W) ') Allowab'le (ki)
58.0 6R2

48.1 02.2

J, TOT 4
2-- "

1.1.339
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S1.3.21.2 Top Weldmnt S Rib Bulding lvaluation

The sltctural-ribs on the top weldment are subjected to ul loads during a top end drop. End
constfaints on t. ribs during a top end drop consisr of fixed at the end welcled $o the top
weldment and frte at Ahe other end. because themr arc no cloded solutions readily available for
.1aluatng a plate for buckling loads with aWd constraints matching those of the top weldment
fibs, a closed-forn.solution for the buckling.of a column was used to analyze a -1-inch section of

one ofthe ribs.

For a colunn under axial loading with oo end fix and the other end fret, the cridcal load (P.)
is detemined by:

Pa-

where,
I moment of inertia,
E ' modulus of elasticity.
L w length of the ccdiumn, and
K a effectiv length factor (K 2 for a column with one end fixed and the

other frec).

Evaluating o l.i-nch sctlon-ofon of the ribs at thetemperaturc of 540VF yields:

,r'(2$476 x oIbf in) -L(i.0Q,){0.185n)l
"(26.2Oin) 6,24-I1b

For the lQ-foot top end drop. the sum of te. forcme on the nodes re;pveting hCe ribs %as a
m imwii of 3,6S1 lb. Thus. k. ma=,dmum loAd (P) on i Il-inch soton ofone of the stru•ural
ribs Is:

11.3-40
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p 36811 ib -
27. ~~ 1 (in/ 2 6S,

Thus,. te maqgn d saSy (MS) for budding of one of the suctuhal ribs of the top weldment
during t 30-foot top end drop is:

.S. - 6,241lb 1223
268 lb

0

1I.3-41



0

I

TMS PAGE INTENTIONAILY LEFT BLANK



NAC-MPC SAR
Docket No. 72-1025

January 1999'
Revision OC

J1.I
10 I

0

71 - --....- I

~jjie~gis t u A'S

AWN~I s

I

9 -A

11.4.1



NAC4A-M SAR
Docket No. 724025

January 1999
Revision OC

0

9

11.4-2



NAC-MPhC SAR
D&o*kt No. 7241025

Jsrnuuy 1999
Revision0OC

lie

S1.41-



-NAC.MPC SOR Ja-uaoy 1999
Revisiba OC

DoclmCko 72-1023

*1

11.4-4



NAC-MPC SAR
Docket No. 72A1025

January 1999
Revision OC

I.

low

9
11.4-5



-NAGCMPC SAR
Docimt No. 72-1025

January .1999
Revision OC

I,"..-am

M.

.0

T". I sell t

L

9
il,4-6



.NAC-MPC SAR
Docket No. 72-1025

January 1999
Revision 00

I

7 ~

5x~(2O+~X~5~

9

2.h.

*~9OR as

1 1.4.7



NAC4,MPC SAR
bocket No. -72-1025

Jamwy 1999
reCvision OC

9

1 7

wr

1 1.4



NAC-MPC SAR
Dockt No..72-I 025

Tanuary, 1999

ReAsion OC

9

11.4-9

m



NAC-MPC-SMA.

Dockit No. 72-1025'
January 199I
Revision OC

I 1.4-10



'NAC-MPC SAR
DickaNo. 72-41025

January 1999
Revision OC

o--;

L J!

0

H.4-11



NAC-MPC SAR
Docket No. r&.1025

January 1999
Revhion OC

* -m
I-m

.'

-rAl-we Mrm-19--maws

IT

II.4-I2



C

I~iAC-Myc Sv
Docicd-No. 7T~ 1025

January .1999
Revision OC

-.. - -- -.- 4 % . owký- , .* I
r

IIE~~~f11IM 4-_____________

.. l 1... . . . . . -11- • - . . .. _
-~ l -- -h•-.-- - - mll . .. .. • . . . .

II - I IIIEII -
L:-E

6
11.4-13



NAC-MPC SAR. January 1999
Revision OC

Docket No 72-1025

I
-I-

11.4-14



NAC-MPC SAR
Docket No. 72-1025

Janu4yo 1999
Revision 6t

77770

JM-

S
11.4-15



- NAC-P 345 K
Do"ka WJ. 72-I023

jaufy:I999
Revision OC*

- -v

S

dow .. ruiniu

It

II. 111111
II. !!EEIII

r

11u1in11!

11.4-16



.NAC-MPC EAR ,January 1999
'Docket No. 72-1025 . Revision OC

*.."boo

AR

a -im

I1.4-17



NAC-MPC SAR January 1999
Docket No. 72-1025 Revision OC

I

I !.4-18



NAC-MIPC SAR. January 1999
Reviiion OC

-... 72-1025

.. . . ..1 T m ii !ia

I

, Mr

0

03

ý , , - . V!

0
I 14-19



0

TmTIONALLY LEfl'~LM~'K



14AC-MPC SAR
Docket~No. -72-IM2

JaMuaq 1999
Revision OC

i,,T .....

1145

-III

A -ce t ýR ý, ýW ý ý ý
-Ka'1'ýOCrWrOr the C&SliRrOat VMI I•I : " I I :: I I I : I : :1: : ............

MV93kiim Or vi 44rt it t Wt

-4.# ~~f i h
UD

.- -..

-0



NAC-MPC SAR
Dockct No. 72-1025

January 1999
Revision OC

--ri_

[:: • .- • • • ••o.]-•wool" ..... . . ..... ..

II1 .



III-. flAC-MPC SAR January 1999

.VAC-MPC SAP. January I999
Docket No. 72-1025 Revision XC

ACE 349-85, "Code RPquiremcents for Nuclear Safety Related Concrete Structures:' A.lerican

Concrete Institute.

- 1 4 0 -._.-:• .- w . . -. ,• -• •

R ASCE 7-93, "Minimum Design Loads for Buildings and Other Structures," American
Socicty of Civil Enginecrs (formerly ANSI ASS.)).

~i~-~ ~ Anlysis of AFN an -r*-6

~~J~3e kalysis of Safgty Related NP4*c# i- -L

~i~e ~ NY, September 1986.

BC-TOP-9A, "Design" .a' Structures for Missile Impac," ReYison 2. September 1974, Bechtel
Potr Corporation.

Black. William Z. And- Hanhky. James G. "Thermodynamics,' Second Edition. Harper Collin

Publishers, 1991.

~ for N~tuW, Ficqueny Pe, fvb
P-4 Co~q, A N% FL._. 19S4.

DLie, "Prmc;ical Sutm AnOlysis in Enginccring r)csign:' 2nd ed

Dtodpett. 0 W. "Design of Wcldcd Sutuwurs." hlc Jcmes F. Lncomn Arc Wc•ltn Foundation,
Otc,'land. Ohio. J-uly 1976

Ci•is. N. and 1•ier,. F T. -A (,itund I ,ghtng L[nvirorwnent fo, Enzincering Usage."
Tvhzuclrl Rirt N. I.. SR Pr.it No I1•34. Sonford ResMearh Institite. M,*lo Pak.

EP.PJ NP.440. **ft.•• Te-n•, kb%'ile lmpait. 1,w:" Rcwarh-Ptojcct99). filt€ Report
JuI1,1977.

1 t.€,.



I

NAC-MPC SA Jaammy 1999
Dc&Ae .N, 77., 1025 Revision OC

Fink, Donald 0. and Beaty, Wayne H., "Standad Hanbook for Electrical "nginir,"
Thirteenth Edition, McGraw-Hill, Inc., 1993.

Funk, R., "Shear Friction Transfer Mechanbms for Supports -Attaced to Concrete," American
Concrete Ird1ntionJournaf, Vol. 11, No. 7, July 1989,J.

Guidance Report No. 11, "Limiting Values of Radionuclide Intake and Air Concentration and
Dose CohversiowtiFactorsfor Inhlation, Submersion and Ingestion," U.S. EPA.

Guidance Report No. 12, "Exteral Exposwre to P.dionudlides In Air, Water and Soil," U.S.
EPA.

Incropera, Frank P., "Fundanentals of Heat and Mass Transfer," 2" edition, New York, John
Wiley and Sons, 1985.

Kreith And Bohn, "Principles ofHceat Trafr," Fiffdt Edifio, 1993.

Lanwsh, John P.., "Introduction to Nuclear Enginecdng." Edition 2, Addisson-Weley
Publishing Company, 1983.

Military Hadbook. MIL-HDBOK-SF, November 1990.

NLTREG-0800. "Seimc Clziflcadion," V.-S Nt,•.u Regulato Commission. Washireiton.

D.C.. Rev. 1. July 1985.

Okis~ fafik. "Maiuntý's I jbook." Mun

)TO,



NAC-MPC SAF, January 1999
Docka No. 72-1025 R-vision.0C

O.Ier, Donald R., "Fundamental Aspects of Nuclear 'Reactors Fuel Elements," Technical

Infomation Center (U.S. Depazuint of Energy), 1985.

Regulatory Guide 1.109, "Calculation of Annual Doses to Man from Roqtine Releazes of

Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR 50, Appendix I."

R egulatory uide 1.25, "Assumptions Used for Evaluating the Potential Radiological

Consequences of a-Fuel Handling Accident in thefui- Handling and Storage Facilty for Boiling

and Pressurize.-Water Ractors."

Rgulatory Guide 1.76, "Design Basis Tornado for Nuclr Power Plans."

*R•:ak an Young, "Formulas for Stress and Straii" 5th edition, Table 36, Case 3b.

-Robcrson, J. A. and Crowe, C. T.. "Engincering Fluid Mechanes," Houghton Mifflin Co.,

Boston, Mass., 1975.

Sandia, SAND88-1358, TTC.081 1, UC-71, "Estimate of CEUD Contribution to Shipping Cask

Containment Requirements," Sandia National Laboratories, Jwzary 1991.

Sesel, R. and Howcl, I., "'Ihernal Radiation Heat Transfer" 3rd Edition.

Swnter. W. 1. "Amedcan FlectrI~iAn's tndbWook," Tenth Edidon, McOrAw-Hill, Ipc.. Ncw

Yok 1991.



THIS PAGE 04MINONALLY LMTBI&OK



NAC-MPC SAR
Doc"• No. 72-1025

Januazy 1999
Revision 0C

Table of Cow

12.0 0PERAMG CONROLSAND LUMITS

12.1 Proposed Operating.Conrols wd L'.its .........

122.

U,.
'f f ........0.. .....fl Il.........

E!
m -.... ............... I-.....I......... I.................... I ........... 0068

-.. ........... .* ....... ..................... ... ......

12-I



JAGAPC-WAR January 1999
ReviSion 00

List of TAbles

Table * NAC-W4C Systeizi.Controls wad Limits...................................

12-.1



NAC-MPC SAR
Docket No. 72-1025

January 19.9
Revision.OC

12.0 OPERATING CONTROLS AND LI1MITS

This chapter identifics operating controls and' limits, technical parameters and survcillancc
requirements imposed to ensure the safe operation. of the NAC-APC System.

service,,

12.1 J~ronos;ed Opgrntitm Controls and L~imits

The NAC-MPC System is designed to provide passive dry storage of containcrize* Yankee Clas
spent fuel, e-systen*~ k~peiatir c;qmks The principal controls and limits rq.j
R4A W-~dC jsiAf are satisried by the sele i~on of fuel for storage that meets the technical
specirtcati=n pre~entcd in Scction 2.1 and In Tables 4VJ.Y oAp2i. h

gencral areas where contro' and 11mits art necessuy for xafi operation of the tC4vPc
Systen arc show~n in Table ~12-. The ~onditions, for im.r~~ *iT§liTere~ -A In Ihc
table. arc based on fte speciflcations and fuanctionality of thec system and on the safety
asscssments for nornul and a"Writeicondaiionm. Apnb p~snstebisforý
Technca Sp eatinsA -,Aicl dcscnUb fth
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Table NAC-5rC Systmn. Controls PM Limits

Applicabk
Tee..lcal

-Coatrol or Limit Specifliation Condition cr Jtm.ControlWd

1, Fuel Chacfteitc Typeand Condition-Di m ensims an, Weight
iBurnup and Initial Enrichment

Fuel ioadin• , ~Weight and Numrber ofAssemblies
Pressure Testing Internal Phessure

Daining Time to Drain
Drying %W vam.hmur4

Backfilling Helium Pressur,

External Surface Level of Contamni',on

PR OW V Cask Surface Dose Rates
S Cask spacing

4. Strveillance Air Itlets and Qutlets
Air Outlet Temperatur

W2 Annual Vertical.Concrete Cask Concrete Inspection

VAEYWIMýý
KRASPROMM
NP -:~~- ~ -~-1" w -

~y'

~
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Definitions
1.1

1.0 USE AND APPLICATION
1.1 Definitions

The defined terms of this section appear in capitalized type and are applicable throughout these

Technical Specifictions and Bases.

Nfinition

ACTIONS ACTIONS shall be that part of a Spedification that
.prescribes Required Actions to be .tken under
designated Conditions within specified Completion
Times.

See TRANSPORTABLE STORAGE CAISTE,CANISTER

'CONCRETE'CASK Sec VERTICAL CON.CREF CASK

FUELDEBRIS

INDEPENDENTSPENT FUL-L
$TORAGE INSTALLATION
(ISFS)

INTACT FUEL ASSEMBLY

FUEL DEBRIS is fiel with known or suspected
defects, such as ruptured rods, severed rods, or loose
fuel pellets.

The facility within the perimeter fence licensed for
storage-of spent fuel within NAC-MPC SYSTEMs.
(see also 10 CFR72.3).

INTACT FUEL ASSEMBLY is a fuel assembly
without known or suspected cladding defects greater
thon pinhole leaks or lairlne- cracks and which ca4
be handled by normal means. A partial fuel assembly
is a fuel assembly from which fuel rods are missing.
A partial fuel assembly shall not be classified as an
INTACT FUEL ASSEMBLY unless solid Zircaloy
or staWnless 4tel m arc used to displace in amount
of water equal to that displaced by the original fuel
rod(s).
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Definitions
1.(

1.1 Delin'tions (contiued)

LOADING OPERATIONS

RECONFIGURED FUEL
ASSEMBLY (RFA)

NAC-MPC SYSTEM

STORAGE OPERATIONS

TRANSPORT OPERATIONS

LOADING OPERATIONS include all licensed
activities on an NAC-MPC SYSTEM while it is
being loaded with fuel: assemblies. LOADING
OPERATIONS begin when the first fuel assembly is
placed in the CANISTER and end when the NAC-
MWC SYSTEM is securtd on the transporter.

A stainless steel canister having the, same external
dimensions as a standard Yankee Clas spe:n fuel
assembly that ensures criticality control geometry and
which permits gaseous and liquid media to escape
while minimizing dispersl of gross pafticulates. The
RECONFIGURED FUEL ASSEMBLY may contain
a maximum of 64 fuel rods or FUEL DEBRIS from
-any type of Yankee Class spent-fuel assembly.

NAC-MPC SYSTEM is the container approved for
storage of spent fuel assemblies at the ISFSI, The
NAC-MPC SYSTEM consists of a CONCRETE
CASK and a CANISTER.

STORAGE OPERATIONS include all licensed
activities that are perform6d at the ISFSI, while an
NAC.MPC SYSTEM containing spent fuel is sitting
on the ;torage pad.within the ISFSI perimeter.

TRANSPORT OPERATIONS include all licensed
activities involved in moving a loaded NAC-MPC
SYSTEM to the ISFSI. TRANSPORT
OPERATIONS begin when the NAC-MPC SYSTEM
is first ;¢cured on the t porter and end when the
NAC.MPC SYSTEM is at its destination and Ao
longer secured on the transporter.
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Defiritions
I.':!4

1.1 Definifogs (continued)

TRANSPORTABLE STORAGE
CANISTER (CANISTER).

I

TRANSERCASK
f

TRANSPORTABLE STORAGE CANISTER is the
scaled container thgt consists of a tube and disk fuel.
basket in a cylinrcal canister shell that is.wc-lde4dto
a. baseplate, shield lid with-welded Pot covers,
and structurl lid. The CANISTEK provides the
cofinent boundary for the confincd splftt l:

TRANSFER CASK-is a shielded lifting. device that
holds the CANISTER during LOADING and
UNLOADIRG OPERATIONS O .during -closure,
wdlding, vacuum drying, leak testing, anad" on-
destructive exaination of the CANISTR closure
welds. The TRANSFER CASK is also used to
transfer the CANISTER into and ftom the
CONCRETE CASK.

UNLOADING OPERATIONS include all Jiccused
activities on an NAC-MPC SYSTEM to bc ujoadd
of the contained fuel assemblies. UNLOADING
OPERATIONS begin when the NAC-WOPCSYSTEM
is no longer secured on the transporter and. cad when
the last fuel assembly is removed from the NAC.
MPC SYSTEM.

CONCRETE CASK is the cask tha receives and
holds the scaled CANISTER. It provides the ganma
and neutron shielding and convective .cooling of ihe
spent fuel confined hi the CANISTER.

UNLOADING OPERATIONS

VERTICAL CONCRETE CASK
(CONCRETE CASK)
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.Logical Connectors
1.2

1.0 USE AND APPLICATION

1.2 Logicid Connectors

PURPOSE The purpose of this section is to explain the nfeaning of logical
connectors.

Logici .connectors are used in Tecimical: Specifications (TS) t9
discriminate between, and' yet connect, discrete Conditions, Requicd
Actions, Completion Times, Surveillances, and:frequenciea. The only
logial connectors that appear in Technical Specifications. are "MM
and "P_&" The physical arrangement of these -connectors" constitutes
logical convmtions with specific meanings.

B3ACKGROUND Several levels of logic.may be used-to state Required Actions. These
levels -are identified by the placement (or nesting) of the logical
connectors and by the number assigned to each Required Action. The
first level of logic is identified by the first digit ofthe urnber assigned
to a Required Action and the placement of the logical connetor in the
first level of nesting (iLe., Ieft.justificd with the number of the Required
Action). The successive levels of logic are identified by additional
digits.of the Required Action number and.by successive indentations of
the logical connectors.

When logical connectors are used to state a Condition, Completion
Time, Surveillance, or Frequency, only the first level. of logic is used;
the logical connector Is left justified with the statement of the
Condition, Completion Time, Surveillance, or Frequency.

S
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Logical Connectors
Lt.2J.2 Logicad Connectors(continued).

EXAMPLES

EXAMPLES.

The following examples illustrate the use of logical connectors.

EXAMPEL 12-1
ACTIONS

COMMTnON REQUIRED ACTION COMPLION
TIME

A. LCO not met A.1 Verify...

A.2 Restore...

In this exi. ple, the logical onn'etor "AM is used to indicate that-when
In Condition A, both Required Actions A-1 and A.2 must be completed.

I
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-gic connectors
1.2

1 .Logical Connectors (cOntinued)

EXAMPLES

ACTIONS

-CONDnON

A. LCO notmd

REQUIRED ACTION 1 COMPLETION TIM[

A.- Stop...

A.2.1 Verif...

A.2.2

A.2.2.1 Reduce...

A.2.2.2 Pcrform...

A.3 Remove...

This example reprcnts a mor. complicated use of logical connectors.
Required Actions A.1, A.2. and A.3-ac aIcr•,,t'v choices, only one of
which must be perfo.-med 4s Indicwtmd -by the w of the logial. connector
'*PM and the Ifl jusrfied pl|c-mcnt. Any ono of , there Actions may,
be chosen. IrA3 Is-choen. then-both A.2.1 W A2.2 must be performed
as ndicated by the logicd conrntor "AbMW Required Acffon A.2,• is
met by performing A.2.2.1 or.222. Th indented position-of.the logical
con.ector "Q." Indicated that A,22.1 and A.2.2.2 am•ta o dtiv cholce,
only oe of which Mug be performed.
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Completion Times
1.3

1.0 USE AND APPLICATION

1.3 ConpletionT'•ies

PURPOSE The purpose of this section is to establish, the Completion Time
convention and to provide guidance for iti use.

BACKGROUND Limiting Conditions for Olhxratons (LCOs) specify the lowest
fuitional capability or perfornumce~evels of equipment required for
safe operation of the NAC-MPC SYSTEM. The ACTIONS associated
with an LCO state conditions that typically describe the ways'in which
the requirements of.the LCO can fail to be met. Specifed.with each
stated Condition are Required Action(s) and Completion Time(s).

DESCRIPTION The Completion Time is the amount of time allowed'for completing a
Required Action. It is referenced to 'the time of discovery of a
situation (e.g., equipment or variable not, within limits) that requires
entering an ACTIONS Condition, unless-othewise specified, provided
that the NAC-MPC SYSTEM is in a specified condition stated in the
Applicability of the LCO. Prior to the expiration of the specified
Completion Time, Required Actions must be completed. An
ACTIONS Condition remains in effet and ItM Required Actions apply
until tie Condition no longer exists or the NAC-MPC SYSTEM is not
within the LCO Applicability.

Once a Condition has been entered, subsequent subsystems,
components, or vari;bles cxpressed In the Condition, discovemd to be
not within limits, will Wt result in scpamte entry into the Condition,
unlesi specifically stated. The Required Actions of the Condition
continue to apply to ec¢h additional failure, with -Completion Times
bas•d on Initial entry Into the Condition.

IWO~
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Completion Tunes

1.3

1.3 Completion Times (continued)

EXAMPLES 7M following example illustrat the use of Completion Times with
differnt typcs of Conditions and changing Cortions.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION

TIME

B. Required Action 8.1 Perform Action B.1 12 hours
and associated

Completion

Time not met.

B.2 Perform Action B.2 36hours

Condition Bhas two Require4 Actions. Each Requirc•Actlon has its own
Completion Time. Ech-Completion Time Is refernced to the time that
Condition B is entered.

The Required Actions of Condition B--= to complete action B.1 within 12
hours 6 complete action 13.2 within 36 hours. A total of 12 hours Is
alloved for complkiing action B.! •zcd a total of 36 hours (not 48 ho=r) is
allowcd for complCting action B.2 from th time that Condition B vua
entered. Ifaction B.I is completed within sx hours, the time allo%;d for
completing. action B2 is the next 30 hours because tho total ftie allowed
for completing Sdtion 13.2 is 36 hours.
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Completion Times

1.3

1.3 Complefion Thjies (tontrmed)

EXAMIES
(continued)

ACTIONS

CONDITION REQUIRED ACTION COMPLETION
TIME

A. One System A.M Restore System to 7 days
not within within limit.
limit.

B. Required -BW Complete metdon 12 hours
Action and B.1
associated
Completion
Tnrswzot met.

B.2 Complete action 36 hours
B2

MWic A System- Is determined not to meet th; LCO, Condition A is
entered. If the System is not restored within seven days, Condition B Is
also entered, md ft Completion Time ciocks for ReqWled Actions B.1
mad B-. start. If the System is store4 .aftr Cotition B is entercd,
Conditions A and B arc exited; thcrefbrc, the Required Actions of
condition B mmy-be tcrmnated.

p
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Completion Times

1.3

1.3 Compldion T'ies (continued):

-EXAMPLES
(continued)

ACTIONS

Serate Condition entry -is allowed for each componept.

CONDITION REQUIRD ACTION COMPLETION
.TIME

A. LCO notmet A.) Restore 4 hours-
compliance with
LCO

B. Required B.1 Complete dction 6 hours
Action and B.I
associated
Completion
Time not met.

B.2 Complete action 12 hours
B.2

The Note above the ACTIONS table is a method of modifying how the
Completion Time is tmcked. If this method of modifying how the
Completion Time is tracked was applicable only to a specific Condition,
the Note would appear in that Condition rather than at- the top of the
ACTIONS Table.

The Note allows Condition A to be entered separately for each component,
and Completion Timcs to be tracked on a pMr component basis. When a
component lsdetermbne to not meet the LCO, Condition A is entercd and
Its Completion Ti=4 starts. If subs"'uent components are determined to
not mct the LCO, Condition A Is entered for each component and
separate Completion Times =re tracked for each component.
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Completion Times
'..3

1.3 Completion Times (continued)

EXAMPES EMX LiIE- (continued)

IMMEDIATE When "Immediately" is'used as a Conipletion Tune, the Req*cd Action
COMPLETION sbould be pursued without delay And in a controlled manner.

_IME

p
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Functional and Operating Limits

2.0 FUNCTIONAL AND OPERATING LIMITS

2.1 Functiona and Operating Lits

2.1.1 J,.ul to he Stored: in the NAC,.MPC SYSTEM.

INTACT FUEL ASSEMBLIES and FUEL DEBRIS meeting the limits specified

In Table 12A2.,1 may be sto-redin the NAC-MPC SYSTEM.

2.1.2 PrEftntiat FAl Loodiiw

Preferentil fuel loading shall be used whenever fuel assemblies with significantly

different post-irradiation cooling times (zone year) ar to be Ioaded in the same
CANISTER. That is, fuel assemblies with the longest post-irradiadon cooling
dtras shall be loaded into f5el sworar, loeations at the periphery of the basket.
Fuel asembL;cs wib..sh,% uer.pst-fradLation cooling times shall be placed towa.d
tho center of fth bx.kct..

Pr•-ferenial fuel loading =my also w- used whenever fue: ossemblies having
differoma clxdding arc to be lo•aed In the s=.e CANISTER. Zirca.oy clad fuel
asemblies should bc Ioad:d in periphery positions of the baAM %ith stWess
steel clad fuel m•ssmblics Io•cd in ft interio' positiOns of the b -sket,
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FwXctg and Opeating Limits
2.0

22 Functional and Operaft Limit Violation

If any Functional and Opeatng. Limits. of Table 12A2-1 am violated, the following
Wtons." be completed.

2.21 The affected fuel asemblies shlml be plaed in a safe condition1

2.2.2 Within 24 homurs, ni the NRC Oprm ons Center.
2.2.3 Within 30 days, submit a special report that describes tk wis of the violation

CiA actions taken to restore compli.c Wtd prevent recurence.
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Fuction and Operating Limits
2.0

Table 12A2-1
Fuel Assembly Limits

-v NAC-MPC CANISTER
A. Allowable Contents

I. Uranlum oxide Yankee Class JNTACT FUEL ASSEMBLIES listed in Table
12A2-2 and meet the following specificoaons:

i. Cladding Type: Zrca0)oy or -SE&tWWis Steel as specified in

Table 12A2-2 for !he applicabl fuel
asmbly a-my/clas

b. Enrichment:

c. Decay Heat Per Assembly:
L, Zircaloy-Clad Fuel:
H. Stainless Steel-Cla4 Fuel:

d. Post-1=4dtjon Cooliv; Time
nan Ave•p BDmup Per
As=, bly:
I. Zircaloy-Clhd Fuel:

ii. StalnlcssStetlClad FueI

As specified in Table 12A2-2 for the
applicable fel! assembly aTraylclass

£<347 Watts
_< 264 Watts

As W ireced In Table 12A2-2 for te
applicable fuel assebly umry/clss.

As spWified In Table 12A2.2 for the
applicable fuel msembly warylc/a.
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Fumcion and wOpentig Limits
2.0

Table 12A2-1

Fuel Assembly Limits (Coptinued)

f. Nominal Fuel Assembly
'Length:

g. Nominal Fuel Assembly
Width:

h. Fuel Assembly Weight:
1. Zircakoy-CladFUiel:
i1. Stainless Steel-CJad Fuel.

< 111.8 inche

< 7.64 ines.

:< 850 lbs
<.90lbs

2. Uranium oxide fuel n& or FUEL DEBRIS placed in RECONFIGURED FUEL
ASSEMBLIES (RFA). The original fuel assemblies for the FUEL DEBRIS
shall meet the critetia sýpcified in Table 12A2-2 for t fu assembly
array/clazs, aHd meet the-following e-ditiona specifico',ions:

a. Cladding Type:

b. Enrichmeat'

c. D ay Hel Per RFA:

d. Post-*nkation Co•oin Time
ad Averagc Bumup Per
O Wn Asmbly:
j 74renloy-Clad Fuel:

Zircaloy or Stailess Stel s specified In,
Table 12A2-2 for the a&pWi-able fuel
assembly a.rayI1lus

As specified i;sTable 12A2-2 for the
apphtv. Ic fuI asscmy srsay/class

1102 Watt

As secified In Table 12A2-2 for the
aq-pliHab fuel asembly myt. uclas.
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Functional and Operating Limits

Table 12A2-1

Fuel Assembly Limits (Continued)

ii. Stainless Steel-Clad Fuel:

c. Nominal Original Fuel
Asseinbly Length:

f. Nominal Original Fuel
Assembly Width:

g. Fuel Debris Weight:

h. Maximum kg U per RFA:

As specified in Table 12A2-2 for the
applicable fuel assembly array/class.

_< 111;8 inches

_5 7.64 inches

:5 850 lbs, including RFA

S 146.23 lbs

B. Quantity per CANISTER:
Up to thirty-six (36) RFAs containing FUEL DEBRIS. Any remaining CANISTER
fuel tube locations not filled with-RFAs may be filled with the following:

a. Up to thry..six (36) Zircaloy-clad INTACT FUEL assmblies;
h. Up to thirty-four (34) Stainless Steel-clad INTACT FUEL a..emblies; as

-imited by the maximum fuel content weight limit of 30,600 pounds;
c. Mixed load of up to thirty-five (35) INTACT FUEL assemblies; as limited by

the maximum fuel content weight limit of 30,600 pounds.

C. Fuac assesmblies shall not contain control components.

D Fuel as.emblies shal notcontaincmpty fuel rod positions. Any fuel rod thatM.a
ben removed shalbe replaced by it solid Zircaloy or stainlw stel rod.
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Functioa mndOperating Limits

Table 124--2 INTACT FUEL ASSEMBLY Charteristics 2.0

£ngioulng Eq&W=ccd Exxon. Lixol Eum Fon 1xooW~sdaf"o Weift~qIow Xkucca Npac

TM A Type8 TypcA TypeD TypcA TypeD TypcA TMpeD TypcýA Typea

xu,,W1d.,'wM(C) -9.2 -92 193 W 19.3 39. 19 3 91 193 19A 19A
oA.,mby Cces Secto,, - - - -

(1m) I8.1 1| 11.2 11.2 11.2 11.2 11.2 282 1.2 111.2
A wM •Y1l 1 1 16066 I16x 6 16X2 6 16X16 16x16 lIil i1ja1 1t-3 16x16

S.t 532 3.• 37 37 37 408.2 4%8.2 311.4 311

MAxIMha 3190 3.90 4.00 4.00 4.00 4.00 4.94 4,94 4.00 4.00
~nwwM 3.50 350 3.50 3.50 I.SO 350 4.94 4.94 4.00 4.00

1AI(W Fuel W91L- - - -

(KUOIAMWAnby 2614. 254.1 2U1.3 266.6 7662 265.0 311 310 273.1. 272.6

Wg~Uf~nembly) 2.334 232.8 23645 235 2)4.5 233.6 274.2 273.2 24213 340.3
Max Iumup

€WrDm) 36.600• 36.000' 36.000 36.000 36.000 36.000 A2.000 N2,000 32.OCC 32M000
M (-cwo13mc() 5.11 I•I ,60 i , 90 90 21.0 21.0 13.0'. 13.0

MAxcayFDe•4(IkW) 2346& 0.347i 0269 02, 0.331 0333 0.26 0264 02$7 -0217

l._3d 7 2ea -- --

Foil Wdhrch (CM) 1.2 1- 1.2 1- 2 - I---l- 1.2 ---

uqtb (CJM4 242. 4 242-) 24"2 U 242.2 242.4 U 217.7 6,.3 242.1

Actilcvcful Lah (on) -2 3. 2=11 2 .31. - 2 .11 W .I. W3-21.1 1 A.T- O L44 -231.1 z#.1~
god D,(cm) v .0 1p9 1Y 9. F.84 Of .v W9.9*

______1w I 41 _ .1 1 0 5 - -0 i- :!W JA 90.76 "-70 0-4 - OF"

fId UV cin) 09V 0 " S! 0" ' 07. Ply 0.97oi _031 0.7!) 0r7y-
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1ut7alcfl11 ~ vul) IJU* vul TUiI TEF UVA5~
__________ .- 5wo ___y __Ineyxco iu -771a-41 -PW a&-
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tal vu rW (IP) Us -I44 - 115- Iri - Ili g- 0- 140-144

YiTd 36 .4 11 1'1 09 4t 24l

£3M- 
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2.0

Table 12A2-2 INTACT FUEL ASSEMBLY Cha teristics (Conotnued)

Combu an G Unied Unit
Ekp=4e~a Emang~a Exxon Ez~n Exxm Eumo WasjnOwic Wacihqowc Yuckx Nuclea

zW Zkayi-o.4 Zkcoy-4 SsVXLS5304L: ZIoy 7•.oy - - ,t•, MAI
Oud 9SVw Wmd (5m) 1.1 1, 1 5. 1. r- 1i --. WA I

g..I1,m) 245 2452 244A 244. 244.6 244.6. - - : ' N,

COAM31l~on TopeA TWpB TypcA Typel T1pcA Typc I Typ;A TMpeS Tyyc A TMpeS
Topw=u1cMwcni 35304 35530 55 304 355304 SS3304 SS30 5W-504 355304, S$304 SS304

Miuoal SSW04 SS304 SS304. SS304 SS304 SS304 SS30U 354 S$304 SS304
Uptwoiux r ~rwtn; Inoc Incoft) Tzu O-c COWe licone ",Incy

SS302 15302 Xs 0 X 750 X 750 X 750 IVA WA X 750 X 7M

Mu VA WA SS304 SS304 5304 S $304. WA N/A S5304 SS304

0 -304 ,3W
r" Noxxjc Leauph
CM) 200 209 19.1 19.1 204 '.OA 22.2 22.2 ISA 11.9

(aW) 1- 3113 11&9 39 I1.9 11.9 22.2 2 L9 I1.9
tips, lenum Loi - -- -

49 4d 49 4.9 4.9 4.9 4.6 A.6 4.1 45

t) WA r.A 32 3.2 3.2 32 WA WA .1 31
WOW Wd (cm) ta A -WA- -WAX WA 'W WA WA NI 4- 2-

WOW! th)1 -%) MIA W WA W X Ow -,.
fop PFýc W-v$ht
Ow 5 90___ 5.V 670 670 670 6.70 670 &.70 It or 17CP2I

1,) 19 9391 f I1 ill 118 5si1 20 52 13i.2 11 hize

,wvfbta 11133 31 133 1 3 33 L WA 1A 3 .3

*40wu4 PA 4S 41 4.5 41 KA WVA I1 I 7i

,-- - - .- -* - -

I~ ~ ~ lfwd %Kk*1 VAU4T roft* OwML K p VXM ý9 aAK 46 Winc 10V* wS
I ~w lat mk -pc -c#, -
A A A 0 WA I
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LCO Applicability
3.0

3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY

:.,CO 3.0.1 LCOs shall be met during specified conditions in the Applicability,

except as provided in LCO 3.0.2.

LCO3.0.2 Upon failure to meet an LCO, the Required Actions of the"
associated Conditions shall be met, except as provided in LCO
3.0.5.

If the LCOis met or is noelonger app~icable prior to expiration of the
specified Completion Tine(s), compet-ion of the Required Action(s) is
not required, unless otherwise stated.

LCO 3.0.3 Not applicable to an NAC-MPC SYSTEM.

LCO 3.0.4 When an LCO is not met, entry into a specified condition in the
Applicability shall not be made except when the vssociated ACTIONS
to be entered permit continued operation in the specified condition in
the Applicability for an unlimited period of time. This Spe.cification
shall not prevent .hanges in specified conditions in the Applicability
that are required to comply with ACTIONS or that are related to the
unloading of an NAC-MPC SYSTEM.

LCO 3.0.5 Equipment removed from service or not in service In conlimice with
ACTIONS may be rntumnd to service under adoinistrative control
solely to perform testing required to demonstrate It meets the WCO or
that other equipment meets the LCO. This is an exception to LCO
3.0.2 for the System to return to service under adrministrative control to
perform the.testing.

LCO 3.0,6 Not applicable o an NAC-MPC SYSTEM.

LCO 3.0.7 Not opplicable to an NA(.MPC SYSTEM.

IminI1uhII1i~iImfiiI~IIufuiMrIufliFrIThImTrrI1llhI ii.............-
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SR Applicability
3.0 B

3.0 SURVEILLANCE RY.EQUIRE••NT (SR) APPLICABILITY 3

SR 3.0.1 SRs shall be met during the specified cohdtions in th Applicability for
individual LCOs, unless otherwise-stated in the SIL Failure to, meet
Surveillance, ,whether such failure is experienced during the
performance of the Smuweillance or between performancea of the
Surveillance, shall be failu-eto meet the LCO. Failure to perform a
Surveillance withinthe specifiedFreque•y shall-e failue to meet the
LCO, except as provided in SR 3.0.3. Surveillances do not have to be
performed on equipment or variables outside specified JimIfs.

SR 30.2 The specified Frequency for each SR is met if the Surveillance is
performed within 1.25 times thedterval specified in the Frequency, as
measured from the previous performance or as measured from the time
a specified condition ofthe Frequency is met.

For Frequencies specified as'"once," the above interval entension does
not apply. If a Completion Time requires periodic performance on a V
"once per..." basis, the above Frequency extension applies to each
performance after the initial performance.

Exceptions to this Specification are stated in -the individual
Specifications.

SR 3.0.3 If It is discovered that a Survnillancc was not performed within its
specificd Frequency, -then compliance with the requirement to declare
the LCO not met may be delayed from the time of discovery up to 24
hours or up to the limit of the specified Frequency, whichever is less.
This ddeay pcriod is penritted to allow performance of the
Surveillance.

If the S4rvcillance is not perforrud within the delay perioJ, the LCO-
munt immdiatcly be dccla,,'not meL and th• Appcable Condition(s)
Mut ke entered.
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Functional, and Operating Limits
3.03.0 SIJRVELLANCE REQUIREMENT(BR) APPLICABILITY

SR 3.0.3 (continued) Wnhn the Surveillance is performed within the delay period and the
Surveillance is not met, the LCO must immediately be declared not
met, and tie applicable Condition(s) must be entpred.

SR 3.0.4 Entry into a specified condition in the Applq.bility of an LCO shall
not be made, unless the LCO's Surveillances have been me. within
their specified Frequency. This provision shall not prevent entry into
specified conditions in the Applicability that are. required to comply
with Actions or that are related to, the unloading of an NAC-MPC
SYSTEM.



NACMPC SAR
DocketNo. 72-1025

-auay 1999
RevisionOC

CANISTER Pressure Testmig
3-1.1

3.1 NAC.-MPC SYSTEM Integrity
3.1.1 CAIT•P~sucTsi.

LCO 33.1 The CANISTER shall be .pwudculy pressure tested. with an
acceptance criteia of aD observal$e weld dtfects .r loss of pesun a;
specified in ershi 12A3-1.

APPLICABILITY: During LOADING OPERJATIONS

ACTIONS

"- NOTE

Separate Condition'entry is allowed for each NAC-MIC SYSTEM.

CONDITION REQUIRED ACTION COMPLETION TIME

A. CANISTER preaurc test A. I Esablish CANISTER 20 hours
requirements no.meL preo tcst.within

acceptance criteria.

B. Required Action ahd B.1 Remove alr-fuel 30 days
Asoclatwd Completion assemblies from tfe
Tie notsmet. NAC-MPC SYSTEM.

SURVEILLANCE REQUIREMENTS

SURVEMLANCE FREQUENCY

SR 3. 1.. Verify CANISTErpresure p e,=taccepta e Withv t hou2 s uafr removal
crtdm-4M met of CANSER from spent

fuel pool.

0
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CANISTER Vacuum Drying Pressmr
3.12

3.1 NAC-MPC SYSTEM Integrity
3.1.2 CANISTER Vacuum I20vilg Pr=

LCO 3.1.2 The CANIStER vacuum drying pressure shall meet the limit specified
in Table 12A3-1.

APPLICABILITY: During LOADING OPERATIONS

ACTIONS

- NOTE- -. J

Separate Condition entry is allowed for each NAC-MPC SYSTEMh

CONDITION REQUIRED ACTION COMPLETION TIME

A. CANISTERvacuum A.1 Establish CANISTER 10 hours
drying pressure limit not cavity vacuum drying

met. pressure within li]Wt.

1. Required Action and 18.1 Removealtfud 30days

Associated Completion aissemblics from the
Time not met. NAC-MtPC SYSTM4.

SURVEILLANCE REQUIREMEN

SURVEILLANCE FIUQUENCY

SR 3.12.1 Verify CANISTER cavity vacuum drying Within 0 hours after
pressure is within limit Completion of CANISTER

vacuum dthing.
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CANISTER Helium.Backfill'Pressurt
.31

3.1 NAC-MPCSYSTEM Integrity
3.1.3 CANST.R.Helium Backfill Prsm•

LI.O 3.1.3 The CANISTkR heliudrbackfillptessu shall meet the limit specified

in Table 12A3-1.

APPLICABILITY: DuringqLOADING OPERATIONS

ACTIONS

Separate Coamition entry is allowed for each NAC-WPC SYSTEM.

CONDITION REQUIRED ACTION COMPLETION TIME

A. CANISTER'helium A.1 Establish CANISTER 10 hours
backfill pressure limit not helium backfill presse
met. within limit.

B. ReequitcdActionand B.1 Remove all fuel 30 days
Associated Completion assemblies from the
Time not met. NAC-MPC SYSTEM.

SURVEILLANCE REQUIREMENTS

SMRVEILLANCE I FREQLIENCY

SR 3.13.1 Verify CANISTER heliuml=ab ill pr,'ure Within 10 hozr•s ar
is ithin limit completion of CANISTER

N[draln!g.
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CANISTERKHeliumLeak Rate
3.1.4

3.1

3.1.4
NAC-MPC SYSTEM Integity

_,w

LC6 3.1.A There shall be no indication ofa heliu4 tik at a tet sensitivity of 4 x
l04 cm3/sec (helium) throughthe CANIb.ER shield lid to CANISTER
shelf confinement weld to demonstrate a helium leak ra lewss than a x
:10 4 W/msec (helium) as specified in Table 12A3-1.

APPLICABILITY: Duing LOADING OPERATIONS

ACT•ONS

Separate Condition entry is allowei for each NAC-MPC SYSTEM.

CONDITION REQUIRED ACTION COMPLETION TIME

A. CANISTER helium leak A. 1 Establish CANISTER .36 hours
mtelimir'not met, helium leak rate %ithin

limit.

B. Required Actiom and '13.1 Remove all fuel 30 days
Associated Completion assemblies from the
Time not met. NAC-MPC SYSTEM.

SURVEIJL ANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.4.1 Verify CANISTER belium leak we is Withtn 36 hours after

within limit completion of CANISTER
vacuum.drying.
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CANISTER Maximumi Time in TRANSFER CASK
3.1.5

3.1 NAC-MIEC SYSTEM Ijt;9rity

3.1.5 CANISTERMaxImuw, Tie in TRAN-S~Fg CASK

LCO 3.J5 The time duration from completion of backfilling the CANISTER with
helium through completion of the CANISTER transfer operation from

the TRANSFER.CASK to the CONCRETE CASK shall not exceed.36

hours.

APPLICABILITY: DuringLOADING OPERATIONS

ACTIONS

--- NOTE--

Separate Condition entry is allowed for each NAC-MPC SYSTEM.

CONDITION REQUIRED"ACT7ON COMPLETION TIME

A. LCO time limit A.1 PlaceTRANSFERCASK with 48 hours
exceeded helium filled loaded CANISTER in

spent fuel pool for a minimum of 24

hours prior to restart of LOADING

OPERATIONS sequence.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.5.1 Monitor elapsed time from start of helium At completion of vacuum

backfill until completion oftransfer of dryness verification- test
loaded CANISTER into CONCRETE

CASK. 3 hours thermafer.
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Fuel Cooldown Requirements

3.1.6
3.1 NAC-MPC SYSTEM Integrity
3.1.6 W Coolown wuirrents

LCO 3.1.6 A loaded CANISTER and its- fuel contents shall be cooled down in

accordance with.foIlowIng spWications:

a. Nitrogen gas flush for a~minimum of 10,minutes

b. Minimum cooling water temperature of 70 *F

c. Cooling water flow rate of 5 (+3, -0) gallons per minute at inlet
pressure of 10 (+10, !0) psig

d. Maintain cooling water flow through CANISTER until outlet
water temperature < 200 1

c. Maximum canister pressure : 50 psig

APPLICABILITY: During UNLOADING OPERATIONS
= . ... .... ......... . NOTE - . • -. . . ... .

The LCO is-only applicable to wet UNLOADING. OPERATIONS.

ACTIONS

.. .......... ...... . . - --.. . -NOTE -. .. .. . . ..... .. . . .

Separate Condition entry is allowed for each NAC-MPC SYSTEM.

CONDITION REQUIRED ACTION COMPLETION TIME

A. CANISTER cooIdown A.I Inifiate actions.to meet Immediately
requirements not met. CANISTER coolodown

requircments.

r

A0
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Fuel Cooldown, Requifts

3,1.6. ..

-SURVEILLANCE REQUIREMENTS __________

SURVEILLANCE FREQUENCY

SR 3.1.6.1 Initiate CANISTER cooldowh flow to Within 30 hours ifke'reemoval
loaded CANISTER. -ofCANISTER from

CONCRETE CASK and
placemcnt in Transfer Cask.

SR13.6,2 Verify dtat thecoofdoWnwatertemperaue Oc1within I hour pior to
and flow rate are within limits. ,initiating cooldown

AM~
I iour thereafter.

0
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0

CONCRETE CASK Th"rm•l Performance
31..7

3.1" NAC-MPC SYSTEM Integrity

3.1.7 o

.-LCO 3.1.7 The outlet veftt tir temperature skAll meet the limit .pecified in Table

12A3-1.

APPLICABILITY: Drivng STORAGE OPERATIONS

ACTIONS

• • . - NOTE •: ....

Separate Condition entry is allowed for each NAC-MPC SYSTEM.

CONDITION REQUIRED ACTION COMPLETION TWME

A. CONCRETE CASK A.1 Ipspect CONCRETE 12 ho=rs
Outlet Air Temperature CASK air iet Od
Limit not met outlet vents for blockagc-

A2. Verify calibration of 24 hours
temperature
Instrumentation.

A.3 Administratively verfy IZhours
corret kue1 loading,

B. RelrWd Actioms and B.1 Removewa .fuel 30days
Associated Completion asscmblies from NAC-

Tmeshotrod. MPCYSTFM.
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CONCRETE CASK Thermal Performanc
3.1.7

3.1 NAC-MPC SY1STEM FINEGMRIY
3.1.7 COMMs~E CASKThrm Pg&'Mg m f"rCninuM~d

SUR-EILLANCE REQUIREMENSM________

SURVEILLANCE FREQU CY

SR 3.1.7.1 Verify outet vent air temraturt is within Once. within 24 hours of strt

limit, of STORAGE OPERATIONS

AM s
24 hours thereafter.

0

9

-E
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O
CONCi RETE CASK Maximum Lifting-Height

3.1 NAC-MPC SYSTEM NrTEGRLTY

3.1.8 (•ONCRETE CASK Maximum Lifting Heigt

LCO 31.8 A CONCRETE CASK containing a CANISTER loaded with INTACT
FUEL AhSSEMBLYs or RECONFIGURED FUEL ASSEMBLYs shall
be lifted.in accordance with the following requirements

a. A lift height < 6 inches when oriented vertically.

APPLICABILITY: During TRANSPORT OPERATIONS

ACTIONS

Separate Condition entry is allowed for each NAC-MPC SYSTEM.

CONDITION REQUIRED ACTION C .MPLETION TIME

A. NAC-MPC SYSTEM A•I Initiate actions to meet -Immediately
lifting requirements not CONCRETE CASK
met maximum lifting height.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1.8.1 Verify CONCRETE CASK lifting After the CONCRETE CASK
requirements are met. Is raised to Install or remove

air pad and prior to the
transpoter begirming tonmove
the NAC-MPC SYSTEM
to/lm the ISFSI.
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TRANSFER CASK Minimum Operating Temperature
3.1.

3.1 NAC-MPC SYSTEM Inte ity
3.1.9 TRANSFER CASK Minimum OpsEfng Trmenture

LUO 3.1.9 Th TRANSFER CASK dh l. not be used for loaded.CANISTER
transfer opftdons outside of the fuel hindling facility when the

external ambient temperature is < 0OF.

APPLICABILITY: During LOADING or UNLO.ADING OPERATIONS

ACTIONS

=-• NOTE,

Separate Condition entry is allowed for each NAC-MPC SYSTEM.

CONDITION REQUIRED ACTION COMPLETIONTIME

B. -External ambient A.I Do not perform TRANSFER Immediamly

temperature below LCO CASK operati is external to

limit the facility.

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.1;9.1 Me=sure external pnablent temperature. Prior to M of LOADING or
UNLOADING
OPERATIONS

I hour therafter.

0
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CANISTER Limits
3.1

Table 12A3-1

CANISTER Limits

L "TI__ I m

m ii

CANIVIER

NAC-MWC CANISTER

a. CANISTER Vacuum Drying Pressure

b. CANITER Helium Leak Rate

.c. CANISTER Helium Backfill Pressure

d. CANISTER Press-T-.est

t. Outlet Vent Air Temperature

ILIMIT7S

<3 mm of Mercury for> 30 min

_ 8x10" std cc/sec (helium),

0 +, -0) Psig

15.0 (+2,-0) psi$ for?. 10 mrin

5 92 OF above ambient temperature (OF)

- - 0 - - -P - - - - - - I - - -- - -- --
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NAC-MPC SYSTEM Aveage Surf=ac Dose Rate
3.2.1'

3.2 NAC-MPC SYSTEM Radiation Potection
3.2.1 NAC-MIC SYSTEM Alre Surfac Dose

LCO3.2.1 CONCRETE CASK dose rates shall -be measured at the locations
shown in Figuit 12A3-. The. average surface dose ries of each
CONCRETE-'CASK shall not exceed:

a. 50 torem/hour (ieutron + gamma) on the side (on the concrete
surfaces)

b. 35 mrem/hou, (neutron + gamma) on the top;

C. 100 niremhour (neutron + gamma) at air inlet and outlet vents.

APPLICABILITY: During LOAD.NG OPERATIONS

ACTiONS

. .... ..... . -V OTE . .. .•..

Separate Condition entry is allowed for each No 3C-MPC'SYSTEM.

CONDITION REQUIRED ACTION COMPLETION TIME

A. CONCRETE CASK A.1 Administratively verify 24 hours
average s=rfact dose rate correct fuel loading.
limits notricft.
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NAC-MPC SYSTEM Average Surface Dose RacW

3.2 NAC-MPC SYSTEM Radiation Protection
3.2.1 CONCRETE CASK Average Surffac Dose Rates (Continued)

,A.2 Perform anaysis to Prior to TRANSPORT
verify compliance with OPERATIONS
the ISFSI offsitc
radiation protection
rquirements of
I OCFR20 and
10CFR72.

B. Required A&* -rabd B.1 Remove all fuel 30 days
Ass'-v,,cd-Completion assemblies from the

ane not met. NAC-MPC SYSTEM.

SURVEILLANCE REQUIREMERTS

SURVEILLANCE FREQUENCY

SR 3.2.1.1 Verify average surface dose rates of Prior to TRANSPORT
CONCRETE CASK containing fuel OPERATIONS.
assemblies a=e within limits.

.0
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CANISTM Swf2acc Cwoinaoim
3.22

3.2 NACwMC SYST"t Rdio Protnoa
3±2

LCO 1.2.2 RmoulJe coutadan on , awccs~iblo e•Wtcor sw of the

CANIS~sh~.~altu ah zoexceed:

6. 204p~00cefboiAlp~wuz=cs

APPUCAM1L1T. Duft~ LOADING OPMEATIONS

ACTIONS1

-NOZYE

stppilt Ccomdioin eguy is suawc f" ach NAC-MPC SYSTEMK

COsDMoN FOEQUIREJD AC'iON COMPL0.10 TME

A, . .A7,,,,--,a Mi- f4t..CA.IST. Not .to TRANSPORT

0 WA,~ -Al l.. kal I ft! I W_____
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CANIST•R Swfa Con IAot
32.2

32i 'NAC-MPC SYSTEM PRa&d•on PotcUoa
3.2.2 C& M Ouza~s Cminajin (COWWOK4

SURVEILLANCEMPEUIREMEMT ___________

SURVOLLANCE FREQUECY

SRI.2.1 Vdfy thattk removabkleconnai~onon Puioro7TUNSPORT
the •,cesible w fedor .ts of dt OPEMRATIONS
cANISTERcOiqi*ng fWid isuidgtimimrUs

SR- 3.22.2 Vedfy t the removable confAmintion Qv Prior to Waing empty
ftgrsiblcbted•rosud of t CAN='& fo" perfonAnc=

,WSFEI CASK do zot mecd li: ofnr# LOADiNO
OPERATIONS scquerc
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D~isigln Fcaiiurs
4.0

4.U0 DESIO•N FEATURES

4.1 Se

Not applicable

4.2 Sta~Futmac

The NAC.MPC SYSTEM conMAsts of the VIER7CAL CONCRET CASK
(CONCRETE CASK) VA iLs ImtegrAt TRANSPORTABLE STOMOE CANISTER
(CANWER).

The total storic-cpaciiy of the ISfSI is ltuied'by pt-.:d Uicense

cofldidonfs.

423 Co 1kiin rt~4ds

Tho Amcrim So•ety of Mcdif•xiijc Wm=Eipne Oler ad Pmst =, Vesl Code (QSME
Codw. 1905F oi&-vi1iAtW t hrounh 99ljkikh Emv~ig Co&e for the NAC.
mC Swrogn Syisem.

* ~43.1
T~blt I;IA44I lir all #tpr•id t ccqn'ns.
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Table 12A4-1List oFASME Code P•xcpUin fortbo kZAC-N.PC SYS-I

• njc ,.fcc ASME Code C,&..qimi

CA~iSTERNfl-i TO Stalincnt f KquknmcJuL for CAN'Mh1~isd~p4"VWUb*4b~c~

CANST SMhTk NB-4243 Fulls m & muind -., MU
Lida StxwtundLLd fbocCAc&tyCjoiis(fldt•.-'•4 drsfiJ ci~rc T60c

Wcldsto mmh'WWpcrNfl-33S2.3j ci 9dw4&2saw~fovwic u lux 21Z) Li

CA-iUSTERSzzucwd NB-4421 Rcqruics umokataFbacki" SI
LidWeld fing zi n ht"oo m"Twj---

is flat c sc€4ia.py ang€ '. £
Il___ _ _ __ _ __ _ _ I___ ____ ____ d t ic a i Iri . •tit~ IS I J I

CANISTERVctn.6ort NB-5230 il, diographc W()r Rot ar fiml=,a=rUA ,•
Coverino4 Drab'Poit .utiusowc (UT) cxugnaon nuuioa to bt o•-faxdl ?.•L4. c
Covt to Sbidd Lid mquka Ssiou V, A*it1C f WiC3!C in
'we*~ Shied Lid to
C=s~t SdL Wcdd _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 12A44
LIst arAsME Code Exceptions for dkeN*%C,.MPC SYSThM$(Continued)

F, ~ t IReeec AssfE codeI aioW ri Code Recquiremnent Exception, Justification andCompensatory Measure
.oI.-

t ~ij~
~~eU ~eM

hNl".230 1Iadiogiaphic tRT) or
ultasonie tUT) exctmination
tvquired.

The CANISTER sWtrun lid to canister shell
closure weld is performed in the field following
rtct assembly loading. tbe structural lid-to-
shell weld will be verified by either ultrasonic
tUrT) or progressive liquid penerant (PI)
examination. IrpUM eseivePTxmnatlon is
uvsd, at aminimum. It 4ll inclWe the r•otand
final surfaces and sueicient intermediate layers
to detecal flhaws, Itf examination is
used, it mill be followed by a fal suf-ce PT
examination. Fot either LT orlPT examination,
the-,oadmurn. undetectable flaw size is
demqnstrated to be smaller tan the critical flaw
size. The critical flaw size~is determined in
accordamc with AME SecOon XI nethod&
The examinmpn ofthe veld willbe perfronrd
by qalified pcrsonnel per ASME Co~ie Section
V, Artcs 5 M and 6 UPT) with woeptarm
per ASME Code Section M, NB-S330 (UT) and
NDB-S3S5for (MT).

I ~ a. -
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Tablc 12A4-1
List ofASME oa Exceptions for the NAC-MlPC SVSTEM(Congniud)

RefrefcwASMECode
,StiocIAr, cle

Codc Req~ zt amXcpm jon,2urtXawon and
COiiPMnsLM~Y F.Izutc

a.I I I

CAdIkAE& LVd
mml!,ýhkld.Lid

'Nfi-61 11 All CobplcW WCAMM
ning stystoms-AU be

pmsstue tesed
pmfomwcdti the adld follpwing hd== asly
loadiaXg MA CANISr is 4.M U4Y

Chafer 9 and dc='bcd in CbIptWr.
A•ccc piihiy tokW=Vpiospc=o"l'tSl,:
Code compriad hymil utc ThkhlJWto-sh•!Wevd ismr--omminm by fiquidycr4=zI

The wnt poft w~4 dnuapwicavaucrs ov
cmawd by motasoiv riil P• nztauou
The stz(ca3 lid •s c acdq CMl•M wal us
examined by pvr~usi PT or JT md rTh-al
suifc= PT. _.

funwou lof the CAISMR is to icaawn¢
fulioaw oodctx nd=a, oftna=ai'

Cwt dNfirEwse isdg matwiz4

- 4 I

CANISTER Vesal NB-7000 Vccls ae roquired to bav4
ovpcqc~ssaax pcotcctoo.

.1 b - ~

I.,,
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Codes mid Sandards
4.3.

Table 12A4-1
LLsterASME Code Excopdons for the-NAC-MPC SYSTEM (Continued)

cm~orrml Refmtre6tASME Code Cd~qienn.Fcpo~siiai w
Sect-o4Atitle Compe ory Me

CANISME Watsel NT400 States requirements ibr -MTe NAC-MPC Storage systm is marked ard
immeplates, slamping afnd :dentified in wodnmb with 10 CFR 72
reports perNCA-8000. requirements. Code stanping is notrequired.

Th1e QA data package will be inacoorda=
__th NAC's approved QA program.

CA.TS1 Brasket NOs4o States requirements for The NAC-MPC Storage g-stenm will be marked
Assqdbl ramnplaims, stamping and and identified in accordance with 10 CFR 72

reports p&xNCA-9000. requirements. No Code stomoing Is required.
'The CANISTER baske datpuckage will be in
coofdonmmce with•AC's approved QA

____ ___ ____ ___ ____ ___ ____ ___program.

C.IS'• Vessel- NS-21)UNfG-2130 States requirezenti for The NAC-MPC CANISTER WVssl and Baske
*rl T•skx Assmbly certificton ofrmaterial to Assembly component mniedals am procured in
f-Ni tCA-)•gI wnd1CA-3S62 accordance with the speclcations formatei•Is

in ASME Code Section IL The cmponent
matetials will be obtained firom NAC Mpproyed
Suppliers in accrdanc with NACbs aproved

________ ___________________Q~proa.um. 
'
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Site SpecificPrameters and Aalyses
4.4

4A Site Specific PaRaMter'and Analyses

Site-specific perametem and analyses that will need verification by the NAC-MPC
SYSTEM user, are as 4 minfimum, Os folows:

1. The temperatore of 75F is the maximum average yearly temperature. The
average daily ambient tempeiturm Ohl be 1001F or less.

2. The tempeture extremes of 1257 with incident solar radiation and .40@F for
storage of the CANISTER inside the.CONCRETE CASK.

3. The horizontal and vertical seismic acceleration levels are boWed by the
values shown below.

Desim•.Basis E.argthke. nMut on theoTo Surface gf an ISFS! Pad

Horizontal g-levCl in Cach of
Two Onhogonal Directions

025g

Corepnding Vertical
g-lcvel (upward)

0.25 ,cO667-.167g

4. The analyzed flood cotdition of 15 fps water velocity od a heihlg of 50 feet oT
watcr (full submrgenc of the loaded cask) are not exceeded.

5. The potential for fire and explosion shal be addressd. Wed on site-specific
considerions. This Includes the condition ftt the fue tank of the cas
h:zdling qulpmn zed to move th loaded CONCRETE CASK onto the
[SFSI site contains no more 0h=n 50 Salloras of fuel.
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Site Specific Parameters and Analyses
4A

4A Site Specific Parameietc. and AnalyMe (continewd)

6. In *dit6n-to Ik .requircoxnatiof 1o CFR 72.212(b)(2Xii), the ISFSI pad and
foundation shall include & following cha-actristics as applicable to the drop
and tip over analyses:

a.
b.
C.
d.
C.
E.

Concr*~ thickiiess
?ad Subsoil thIckness (backfill)
Concrete compressive strength
Concreta density (p)
Soil density (p)-
Soil Stiffness

36 inches maximum
72 inch minin=
•300 psi at 28 days (maximum)
125 p•9p 140 lbsft'
5 115 Ilbs/A'

- 250 pirm.

0

The con~er'ee pad maximwu •ikness cxclades the ISFSI pad footer. Steel
reinforccnment Isused In the pad. The placement ofthe rienforccmcn includlng
its am and spacing, ace detcrmin.d by analysis Lad installed per ACI 31 &.

7. In cases wh enginccred features (i.e., bearns, shield walls) arc used to ensure
that rcquircmcuns of 10 CFR 72W04Nu) =rc met, suctr felt= arc to be
considered important to safety and raust be evaluated to deteanlnc the
applicAblic Quality Ass.ssment Category on a slic specific basis.
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4.5 Design Specificatons

4.5.1 Specificadogs Impomnt for Cdrtcality Control
4.5.1.1 CANISTER-INTACT AND RECONFIGURED FUEL ASSEMBLIES

1. Minimum flux trap sin: 0.75 inch
2. Minimum '• loading in the Boral neutron absorbers: 0.01g-gcm2

4.5.2 Specification Important for Thermal Performnance
I. The spacing of the NAC-MPC SYSTEM shall be 15 (+1, -0) feet (center-to-
- center).
2. Helium 4dill havc an mnirmump•ity-of99.V%.
3. Time limits Wo "AIISTER LOADINO OPERATIONS arc established for

thr following activities:
a. Draining ofwater frnm the CANISTER 20 hours
b. Vacuum drying offle CANISTER 10 hours
c. Tornsfer ofCONCILETE CASK afterhelium backfill 36 hours

4.5.3 Sp•cfication Impon-w to Shlcldng Performance
The CONCRETE CASK exterior surd•f. shall bc visually ijnqcted annually
for My dwroge (chipping. spili•g. etc.). Any derczs larger than om inch in
diamene (or width) and decpcrth~one Inch shall bIr;grouted. according to
tk. Srout mznulbcturcs rccommendations.

4.5.4 Spcnificaftion Important to CANISTR L'ing
The minirnum distance from the matr tink of fle CANISTER lifting slings to

thc top.ofth• CANISTER shll k 67 /tnches.
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NAC-MPC SYSTEM Thining
4.6

4.6 NAC-MPC SYSTEM Training

Taining modules shall be developed under the general licensee's traininj 'prosm as
ruqntred by 10 CFR 72.212(bX6) Training modules shall require a comfrebbiive,
propram for the operation and maintenance of the NAC-MPC SYSTEM and the
Independent Spent Fuel Storage Installation (ISFSI). The training modules shall include

the following elements, at a minimum:

" Regulatoiy Requirements Overview

" NAC-MPC SYSTEM Design and Operatiohal Features.
" ISFSI Facility Design (overview)

" CcUficate of Compliance Conditions
" Technical Specifications, Conrls, Limits and Conditions of Use
" Identification of Components and Equipment Important to Safety

" Surveillance Requirments
" NAC-MPC SYSTEM and ISFSI procedures, inclucing:

* Documentation, Inspection and Compliance FRequiremts
* Handling the CONCRETE CASK and Empty CANISTER
* Handling the Transfer Cask

e Loading and Closing the CANISTER
o Loading the CONCRETE CASK

9 Moving the CONCRETE CASK and CANISTER and i'lac=mcnt on the ISFSI
" Special Prcesses and Equipment. includingLeak Testing, Welding and Weld

E.ammiilion
* Amxiliary Equipment. including Lifting Yokes and Slings
, Off-Normal and Accident Conditions. Re1*os adConrctivc Actions

R adiologlcal Safety dnd ALARA

SOprazting Expcrince

TrAinif session rAicip'ion should be £hJcumcnted As rquired to vstablish qualil~axion wo
pcfrmed toe desiSted twks
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4.7 'Drr Run 
TTraining 4u i

A dry /nm training execise of the loading, closure, handling, unloading, and transfer of the NAC-

MPCStorage System shall be conducted by the licensee before the system is initially loaded.

This demonsrates equipment ftiup and .interfacing, provides the opportunity to illustrate key

feturs, operations, inspecdons and test conditions. It also allows comparison of procedural

steps to component handling raquirments. Th" dr run may be peorimed in an alfter step

sequence from the actual procedures, but all steps must be performed. The di'y mn shall include,

but Is not limited to, the following:

* Moving the Concrete Cask into its Designated Loading Area

• Moving the Transfer Cask Holding the Empty Canister into the Spent Fuel Pool

• Loading One or More Dummy Fuel Assemblies into the Canister, Including Independent
Verification

* Installing the Shield Lid
* Removal~of the Trjsfer Cask from the Spent Fuel Pool
* Closing and Sealing of the Canister to Demonstrate Pressure Testing, Vacuum Drying.

Helium Backfilling, Welding. Weld Inspection and Documentation, and Leak Testing

* Transfer Cask Movement Through the Designated Load Path

* Transfer Cask Installation on the Concrete Cask

* Placement of the Canister in the Concrete Cask
* Trsport of the Concrete Cak to the ISFS!
* Canister Unloading, Including Reflooding and Weld Removal or Ctting

emonstratiun of closing and ealing tht canister may bW pcrformcd using a molup of the

canister. Th mockup shaul4 clos€l) approxit.utc the a;tual canister to elIow qualification of

pcms cl in the w.lding and tting tamks as required. The closed mockup is also used to

denvnsntc-thc activities necessary to ope and unload the anister.

Paicipaton in dry rn Itriaing shou!J bk &ki, ented as-rcquired to establish qualifiation W•
perform desigatcd tas



NAC-,MI SAR
Docket No. 72-1025.

januuy 1999
Revision 6C

9
Special Requiremts for First NAC-MPC SYSTEM Placed In Service

4.8

44 Special' .Raqi ts for FistrNAC-MPC SYSTEM Placed'in Scivice

The heat trabmfcr charwt cs of the NAC-MPC SYSTEM will:be recorded by tempenture
memsurcnts of'the first NAC-MPC SYSTEM placed in service widh a heat load equal to or

great than.7.5 kW.

A letter report suirmahading the results of the measurements shall .be submitted to.the.NRC for
each cask subsequew3y load,-d with a higher heat load, up to the 12.5 kW maximum beat load for

e tNAC-MPC SYSTEM. The calculation and thetmeasured temperaure data shall be reported
,tohe NRC In accordance with 10 CFR 72.4. The cdculation aid comparison need not be

reported to the NRC for CANISTERs that arc subsequently loaded with lesser loads than tI*
lates reportcd case.

0
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0Appndix prsents the design or oplafignal. c nditionor regu,, requhiment, which

est•alishe the bases for the Techc Specifications provided in Appenix 12A.

The section and pl= h nmnbering used in this Appendix corresponds to the wiumbering use
in- Appendix 12A for the Functional and Operating Lftits (Section 2.0) aM the Limiting
Condition for ,Opemtions or Surveillance (Sction 3.0). This allows direct compais.on of the
limit or condition described-in Appendix 12A, with its corresponding base; in this Appendix.
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Fuel to be Stored in theNAC-MPC SYSTEM
B 2.1

B 2.0 Flationa AndO2e~nj Limits

13 ZI Fuel to be Stored in the NAC-MPCSYSTEM

BASES

BACKGROUND TIe-NAC-MPC SYSTEM desigitzquih specifications for the spent
.fuel. to be stored, suh as. t66 type of spent- fuel, minimum and
qi'nwn" allowable cnr;clct.prior'to i.rmdhaUdon, ma.ximum burnup,
mhnm= acceptable po.t-•,radiation cooling thion prior to storage,
maximum decay heat, and cbpditjons of the sjpent'feI (i.e.,.jntact fuel
or failed fuel). Oher •.porqt limtationt are the dimensions ard
weight of the uel asiemblies.

Requirements for fuel to be loaded into the NAC-MPC SYSTEM are
specified in Sections 2l.1-and 2.1.2 of A;pendix 12A.

Specific liitations-for the NAC-MPC SYST =M~am specified in Table
12A2-1 as referred to in. the Functional and Operatng Limits, Section
2.1.1. of Appendix 12A. 7-Ther limftatons.qpportthe assumptions and
inputs used in the thermal, structumal hieldhig, and criticality
evaluations performed for.the NAC-MPC SYSTEM.

Actions required to respond to violations of any Fimctional and
Operating Limits are provided in Sectiorr2.2.

APPLICABLE To ensure that the shield lid is not placed on a canister containing an
SAFETY ANALYSES wmuthorlzed fuel as.smbly, facillty procedures require scrification of

the loaded fuel as.emblies to ensure that the correct fuel Assemblie
have been loaded in the canister.

FUNCTIONAL
AND OPERATING
LIMITS Functional and Operating Limit 2.1.1 refers to Table 12A2.1 for the

specific fuel assembly ehargoterstie limits for Yankee Class fuel
assemblies authorized for loading Into the NAC-MPC SYSTWO.
These fuel assebly characterdcs Include parameters such as
cladding material, enrichment, decay heat SeneMtionr poisrirradiation
cooling time. bh up. rad fuel membly length, widtl, and weight.
Table 12A2-2 is referenced from Table 12A24 and pWroids additdon:l
specific fuel characteristic limits for th, fuel xemblies based on the
fuel assembly ayloass tye.
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The fuel assembly characteristic lim•.s.of Tables 12A2-1 and 12A2-2
must be met to ensure that the thcenal, structural, shielding, ahd
criticality analyses supporti&g the NAC-MPC SYSTEM Safety
Aralyais Report:a&e.bpunding.

Functional and Operating Limit 2.1.2 requires pfeferential. loading of
fuel assemblies with significantly different post-inradiation cooling.
times. This is required to prevent a cooler assembly from beating up
duc to being surrounded by hotter fuel assemblies. For the pwposet-of
complying with this Functional and. Operating Limnr, only fuel
assemblies with.post-irradiation cooling times differing by two years or
greater need to be loada-prufcerntially. This is based on the fact that
tht beat-up phenomenon can only occur with significant differences in
decay heat emission chaiacteristics between adjacent- fuel asserblies•
-having different post-irradiatioh vooling times.

-FUNCTIONAL
AND OPERAT7NG
LIM"TS
VIOLATIONS

If any Functional and Operating Limits-of 2.1.1 or 2.1.2 arm vitlated,
the limitations on fuel assemblies to be loaded arc not met. Action
must be taken to place the affected -fuel assembly(s) in a-PX* condition.
This. safe condition may be establisbed by returning the affected F9el
assembly(s) to the spent fuel pool. However, it is acceptable for the
affected. fuel assemblies to temporaily remain in the NAC-MPC
SYSTEM. in a wet or dry condition, if that is determineO to be a safe
condition.

2.2.2 Ind 2,1.3

Notification of the Functonal and Operating Limit violation to the
NRC Is requircd %*thin 24 hours. Written reporting of the violation
musv be accomplished within 30 days. This notification =4d writen
report amr Jndcpcndont of any reports and notification that =my be
equilred by 10 CFR 72.216.

REFERENCES I. SAL. Sections 2.1, 4.4: Chapters 5 and 6.

I.
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B 3.0. Limiting. Co"'ition for "dion UM A"icability

BASES

LCOs; LCO 3.0.1, 3.0.2, 310;4, and 3.0.5 establisiN the geperal requirements
apjlicable to all Specifications and apply atall times, unless otherwise
stated.

LCO 3.0.1 LCO 3.0.1 establishes the Applicability statement within each
individual Specification as the requirement for when the L1,O is
required to be met. (i.e., when the NAC-MPC SYSTEM is in the
specified. conditions of the Applicability siatement of each'
Specification).

LCO 310.2

0

LCO 3.0.2 establishes that upon discovery of a failure-to meet an J'VO,
the Associated ACTIONS shall be m;ct. The Completion Time of each
Require4 Action for an ACTIONS Condition is applicable from the
point in time that on ACTIONS Condition is entered. The Req-uired
Actions establish those remedial measures that must be taken withip the
specified Completion Times, when the requirements of an LCO-=r not.
met. This Specification establishes that:

a. Completion of the Required Actions- witlin the specified
Completion Times constitutes compliance with a Spe:ification;
ond,

b. Completion of the Required Actions is not required when an
LCO Is meet within- the specified Completion Time. unless
otherwise spWcifled.

There are two basic Required Actor types. The first Required Action
ty specifics a tida limit, the Completlon Tinte to restort Vt system-or
.component or to restore variables' to wwiin-t specifed limits, In which
the LCO must be met. Whether stated as a Required Action or not.
correction of fte cntered ConditIo- is an action fht may always be
considered 'apon entering ACTIONS. The second Required Action'
type spceifics the remedial measures that permit continued activities
that = not further restricted by th CMpletion Time. In this case,
compliance with the Required Actions provides an acceptable level of
rafety for coftinuod operation.

0
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=CO 3.0.(continued) Completing the Required Actions is not required when an LCO is met
or Is no longer applicable, unless otherwise stated in the individutl
Spcifications.

Th'e Completion'Times of the Required Actions are also applicable
when a system or camponen't is removed from'service intentionally.
The reasons for "itentionally relying on the ACTIQNS incuide, but are
not limited to, performance ot Swuveillance, preventive maintenance,
corrective maintenance, or invgtgadon of operational problems.
Entering ACTIONS for thesreasons must be dozo. in a manner that
does-not compromise safety. Intentional entirinto ACTIONS should
not be mnade for operational convenience.

LC3,0.3A This specification Is not applicable to. the NAC-KPC SYSTiM
because it describes conditions under which a power reactor must be
shut down whep an LCO is not met and in associated-ACTION is not
met or provided. The placeholder is retained for consistency with the
powcr reactor technical specifications.

LCO 3.0.4 LCO.3.O.4 establishes limitations on changes in specified conditions in
the Applicability when an LCO is not met. It precludes placing the
facility in a specified condition stated in that Applicability (e.g.,
Applicability desired to be cntered) when the following exist:

a. NAC-MPC SYSTEM conditions are such that the rcquiremnents
of the LCO would not be met in the Applicability desired to be
entered; and

b. Continued noncompliance with the LCO quiremeans If the
Applicability were ntered, would result In NAC-MPC
SYSTEM activities being required to exit the Applicability
desired to be entered to comply with the Required Actions.

Compliance with Required Actions pqim continued "eration for
an untimild period of lime In a sq cified condition provides an
o-eptAblc Ievel of sWfety for continued operation. This Is without
rqard to the status of the NAC-MPC SYSThNV 'haerfore, In sh
casms, eotry into a speifieW conditloaln the Applicmbility.may-be made
In ccordance with the proviso of fthc Rrquired Actions.
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LCO 3.0.4 (continued) The provisions of this Specification isould W be interpreted as
endorsing the failure to ;xercise the good practice of restoring system.
or components before entering-an associated specified condition in the
Applicability.

Ue provisions of LCO 3.0.4 shall not prevent chanoes in specified
conditionis in the Applicability ia are required to comply with
ACTIONS. In addition, the provisions of iCO 3.0.4 shall not prevent
changes in specified conditions in the Applicability that are related to
the unloiding.of the NAC-MPC SYSTEM.

Exceptions to LCO 3.0.4 are stated in the individual Specifications;
Exceptions may apply to all the ACTIONS or to a. specific Required
.Action ofa Specification.

LCO 3.0.5 LCO 3.0.5 establishes the allowance.for restoring'equipmeht to service
under,administrative controls when it has been removed from sceiceor
determined to not meet the LCO to comply with the ACTIQNS. The
sole purpose of the Specification Is to provide pn ex•ception to LCO
3.0.2 (eg. to not comply with the applicable Required Action~s]) to
allow-the performance of testing to demoan.mte:

a. The equipment being retured to service meets the LCO; or

b. Other equipow-nt meets the applicable LC•s.

Tb,"dministrative cc'tro1 ensuc e the time thb-equipment Is returned to
service in conflict with titz rulrrnents of the ACTIONS Is limited to
the time absolutely necssari to perform the allowed testing. This
Specification does not provide 4me to perform any other preventive or
ConutivC maintenance.

LC03.0,6 Not Applicable

LCO 3.0.7 Not Applicable

0

0
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B 3.0 fi.•eill•e Ba. uement (SR) A~jir~bjijy

BASPA

Surveillance SR 3.0.1 through SR 3.0.4 establish the general rquirements lpplicable
Reqirments (,Rs) to all Specifications a,'apply at alI.times, uriless oherwise stated.

SR3.0.1 SR 3.0.1 establishes the requirement that SRs must be met during the
specified conditions in the Applicability for Which the requiremehts of
the LCO apply, unless otherwise spe•ified ih the individual SRs. ThMis
Specification is to ansmc that Surveillance iWpefformedto verify that
systems -and components meet the LCO and variables are within
specified limits. Failure to -meet Surveillance within the specified
Frequency, in accordance with SR 3.0.2, conslitutes a failure to mewt an
LCO.

Systems and components are assumed to meet the LCO whep the
associated Sis have been met Nothing in this Specification, however,
is to be construed as implying that systems or components meet the
associated LCO when:

a. The systems or components are known to not meet the LCO,
although still meeting the SRs; or.

b. The requirmonts of the Suwveillance(s) are known to be not met
betwccn.required Surveillance porfornces.

Surveillances do not have to he performed when the NAC-MPC
SYSTEMis in.a specified condition for which the requlrcnuints of the
associated LCO 4om not applicable, unless otherwise specified.

Surveillances. including thor, Invoked by Required Actions. do not
lave to be performed on cquipment that has b= detennIned to not
meet the LCO because the ACTIONS define the remedial mcsures that
apply. Surv,•ellances have to be met 4nd perforned In accordanc with
SR 3.0-2, prior to returnina equipment to service. Upon completion of
maintenance, appropriate post maintenance testing is required. This
Irnchldes esuring applicable SurveillAnces ar= not failed And their most
recent performae is ir. Accordawie with BR IM Post malntnancce
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SR 3.0.1 (continued) testing May not be posithle in the current sdcified conditions in the,
Applicability, dut to the necessary NAC-MPC SYSTEM parmzeters
not having been established. In these situations, the equipment may be
considered to meet the LCO provided testing has been satisfactorily
completed to the extent possible and the equipment is not otherwise
believed t -be incapable of performing its -functiop. TKi, will allow
operation to proceed to a specified condition where other necessary
post maintenance tests can be completed,

SR 3.0.2 SR 310.2 stablishes the requirmients 'for meetin; the specified
Frequency for Surveillances And any Required Action with a
Completion Time that requires the periodic performance of the
Required Action on a "once per..." interval.

This extension failitatesSurveliance ;cheduling and considers facility
,conditiontthat may not be suitable for conducting the Survcillun
(e.g., transient conditions or other ongoing Sumcillance.or maintenance
activities).

The 25% extension does not signiicantly degrade the reliability tU.-
results form performing Ohe Surveillance at its specified Frequency.
This is bw.sd on the recognition that the most prmbable result of any
pf-licular Surveillance being performed is the verifiction of
conformance with the SRs. The ex~cptions. to SR 3.0.2 at those
Suveillances for which the 25% extension of the Interval specified In
the Frequency does not apply. These exceptions are stated in t
individual Spcefications s a Note In the Frmqenmy stating. "SR 3.0.2
Is not applitable."

As stated In SR 3.0.2. the 25,14 extenslon also does not apply to the
nitialportlon ofA periodic Completion Time tat requires perfonrance

on a "o4 nce per..." basis. Th, 25% extension applies to each
I~rfom Anct the iitin Im, ee. Thn initial per(ndwaneo or
the Required Action. whether it is a particular Sunrvillance or sorne
odhr emredial action, Is considered a single action with a single
ConWpklion time. One reason for not allowing the 25% cxtenslon to

S COMpletion Time 3 i•wach an Action UsUl4y vedrfi, thano loss
of function ha omurrd by elWdng tk status of ndvnt or div'ere
components or complitshes fth function of the afectcd equipmcnt In
an 0lierriaive tn=Wne.
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SR 3.0.2 (contibued) 7-e provisions of SR 3.Q.? are not intended to be used rqpetedly,
merely as an operational convenience to exlend Surveillance intervals
o. periodic Compleon Tune intervals beyond those specified.

SR3.0.3 SR 3.0.3 establishes, the flexibility to defer declaring affected
equipinent as not me~ting the LCO or an affected variable outside the
specified limits-when a Survellance has not beM. completedwithln the
specified Frequency. A delay period of up to 24"ours or up to-the limit
of the specified arequency, whichever is~less, applies from the point in
time that it is discovered that the Surveillance-has not been performed
in accordnce with SR 3.0.2, and not at the time that the specifiqd
Frequency was not met.

This delay period provides zdequae timelto complete Survelillnces
that have been missed. This delay pcr1Qd pernits the coprni~lion of a
Surveillance before complying with Required Actions or other rmedaial
measures that might preclude completion ofthe SurveillU e.

The basis for this delay period Includes: consideration of facility
conditions, adequate planning, availability of personnel, the time
required to perfonr the Surveillance, the safety significance of the
delay in completing the required Surveillance, and the recognition that
the most.probable result of any particular Surveillance being performed
Is the verification or conformance with ile requirements. When 4
SurveillAnce with a Frequency, based not on time Intorvals, but upon
specified NAC-MPC SYSTEM conditiorm, b.disovered not to have
been performed when specifiecd SR 3.0.3 allows the full delay period of
24-hourn to perforo the Surveillance.

SR 3.0.3 al•o provides a time limit for completion of Surv'illtnecs that
become applicable as a cotisquenct of chnges in the specified
conditions in the Applicability ;nposed-by the Required Actions.

Failure to cvmply with spelficd Frequencits for SRs Is expectcd tob1
an i•requcti• ccunr•me Usa of the delay period established by SR
3;0.3 ISA flexibility, which is not iniended to be ued ms an operallomil
convenlcei to cxtnt Surveillance. evAls.
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SR 10.3 (contintxed) if a Surveillance is not completed within the allowed delay period, then
the equipment is considered to not meet:*U LCO or the -variable is
considered outside the specified lihiits and thCeompletion-Tumis of the
Required Actions for the applicable LCO Conditions begin
immediately upon expirzion of the delay period. If a Surveillance is
failed-within the delay period, then the•-equipmcnt does jmt meet the
LCO, or the variable is outaide the specified-limits and the Completion
Times of the Required Actions for the applicable LCO Coisdidc•.-
begin Lnmediately upon the failure of the.Surveillance.

Completion of the Surveillance within the delay peri6d allowed by this
Spedifitc-on, -or within thct Completion Tlme of the ACTIONS,
restores compliance with SR 3.0.1.

SR 3.0.4

VU
SR 3.0.4 .establishes the trequirement that all applicable SRs must be
met before entry into a specified condion in the Applicability.

Thi; Speeffation ensuris that system aad component tequircrnents
-ad variable limits are met before entry into spccified conditions in the
Applicability for which these systems and c-mponents ensure safe
operation of'NAC-MPC SYSTEM activities.

The provisions of this Specificatiort should not be interreted as
endorsing the failure to cxerclse the good practice oftestoring systems
or components before entering q associated specified condition In the
Applicability.

However, in certain circumstaces, falling to meet ant SA will not result
in SR 3.0A rcstricting A change In specified condition. When a system.
subsysttm, division. component, device, or variable Is outside its
specified limits, the ossociated SR(s) arm not required to be performed
per SR 3.0.1. which states that Surveillances do not have to be
performed on,"quipmcnt that has been determined to not meet the LCO.

V
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CANISTER Prewaf Taft
0 311

... .l-•dt! • h e b --the f1iePad; e t -m 4 SM the
CMISTEI k L mgw m Sl Loog-tm inmtegq
of the f*1 uA c~dding dqtpndi on mipaijtmnn &h claddsg
m~paxturts below esablish loag4WAr ibWfts Th ctopufnmcn of

the rpdiove nmw=das In die CANISTER dt the m*iaw = onr sof
Ilne4 iuni aphm in the avity b pmvidd by the CANIST2.,'s
co nt WXel I•JwW4 di)g the fel w••ded WWe1d.lid.
PcI(I"A=~ orthe promx wc~ conums the sIctuo~ Inevity or&th
shtel lid twshd wtld The sea InteiWt aflt sbwed lid to swel weld
Is fmihth Cwifluaw by sabsequet hdiam lckac tswimg.

LCO Verifyrn byp smwtms tha dic shled-!ýwxhel weld Is swec~raly
Acqutwc At a P==iii eacteing MAOP titue the Intcisdy of the

APLCABLTLTA The p~~ww psswc ims Is pa~fiW~ :kfto LOADING
OPERA71ON4S OPEBATIONS tWeom thc CANISTE is Uvvfvted to 6he

CO!NCREtE CASK~ gad UMV09Wte to the ISMS. TUMPSORT
WEM&TION.S vwul4 maL comzt=c -if the pmcssw~ t did not imee
fth cc*=enkft circd mThttft CANISM&1 rtacs~~ 2etaW hs Wo
ftquuWe donol TILASPOXT OPERAVOIN~S or STORAGE

ACTION~S A noit 1w bcti PA to the AMOINS, %Vkh~ W3ze ftLs fir W4~

Azupble wnm Pteqyaer1 Mtioi's hr ch cefltg rgovi&d

tht LCO. Svrqum CAN4SMhPi ft~ 64 w t cw LCO cc

If iltpwu fim ~ amrit~ ex m- 4 4itm wiasmt te Lukmto m. rt

0
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CANISTER P"r Ttng

DA

If the CANIS-E prwat, ten mm be pat ored 14 compla=c
with 1k acaptxa fcaici the W must be placed in i sare em(Wdtom
Crctisc acti, may be bkn ofte, tk W Is placed In * safe
condition to pe•form the A.1 ot im odd hat te " nitih l contions
for perfoming AI am vsn AM may knpo a maximum of ihe
times prior to pafbo=r4 B.I. The On;e oit for compleig B.1 =an
ot eextend•d by re.performing A.l. TW Cftpletioc Twe Is

reasnably based on tOK Umi requW to reflood fth CANISTERL
.rmotv the shbi4 lid to shl weld. move tie TRANSFER CASK and

CANISTER Into the spcr fud pool. v=wv t shi lid. and rmov.e
te spent fuel aswmbies tA on Wrerly maw #Ad wiout cluicn-n

9 SURVEILLANCE SR 3.1.1.1

1Ue prixxu desig eonsi4c=4on of the CANISTE bs OWa it Is
sgnmturaly Adequa to mm~ur ibc couneomct ofWaiocfis-c mgaW
VAn fl3hWen4 of Lhd hwen bMiw casity stmosphM& darins lon-

*Pdor to pkq the CANISTEin so r, a prmm us ntbck

how aftr retw-a of Lr- t "MTNSFER CASK and CANISMTE Liom
the speni rfuel Poo Th iftlo sufficlen't tiM to Paromi fth
sutivi1ucc f~tollWin1 AkIdidJ 114 vftin OCpe~Ons If the P==~

tI Am=,.n M not be Wr the aiw ity cm bc quy eakad Uic
w~ter

. . .. ... P*0
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CANISTER, Vcu-n Dry* Ptastue
HB 3.1.283•.1 MACI=•€ SY•/M 111wtv

B 3.1.2 •,tiJTVlYu• lndtsw

1JAS'ES

OACKGROUND A TRANSFER CASK with an empty CANISTER is placed Into the
spent fue Pool OWd Iosc4 with -fiwd asmblits Mut~ing the
Yquircme of te FCUOWI VA OXe LimiLts A sIedl lid is
then pled on the CANISTEE. The TRANS•FR CASK and
CANISTER awe u "t of the sf*a fu• l poW. The TRASFEM
CASK &Wd CANISTER aict d= rovtd Imt kh ca*k etamlnation
amea where dose rates art meaured and the CAN147ER shild lEd is
wtld to the CANISTER sell &Wd t lid Rdwdsm iknc *
mum tested. TMe we IS dr4ed fim the CAI•MSTM mid
CANISTER cavity vcuum drying Is performed. The CANISTER
cavity is baIkfilld wit helium and leak tesled. Additiol dose mat
=r mrued. and P h CANISTER vant pmt W drAn- por cov• .
s " Jid a indtalled W•d w•Wld. No-dc:ý vc=v cxanl-&no
are Wifaonmed on 9k wlds. Conumtinltion memmmyns em
co•mnpl•ed prior to moving TRANSMI. CASK and CANISTER In
poaiion to tranfer tit CANISTE to the CONCRETE CASK~. Akr?
the CANISTER Is ttrnsfxr , aveg• CONCRETE CASK surfa:c
dome rae mcauxmients amn The CONCR1EM CASK Is the
reoved to lk ISFSI.

CANISTER cavity v'uum dtying Is Wflxeud to rumoe icsidual
moistur from fth CANISTER •avity •a ft %ber • s drine fim
the CANIST.E. AAY -wau-ut drined ftom k CANISTER cavity

Moamd=e to fte lacw=n M bi AIM ie by the wmnpmwmur
i nl .... . uI MA die ea MUOA Orth fue.

A UCADL TMe cunflcme .of ctdvIaTkmcIudwn Its• prod.t pmae. fue• l
!AFEVSfin I. slau4rA~a ur dwip ft. it-op of desigr bis s Mvt fuel
mn th CAM1iTtR is cmvutd by the- mul~tir4 co linines bwOuims
.nj astenis The tamet relie on aM: fth114 rf' i plt mmti~. di
metalhc ruct cI*JJ0 tuhes whereth fouk1 pollets W Comman. and
the 1AN1SML wltet th' focl o~s'b1tcs art stored LonZlerm
sntemnry of fme fatW clafdIIa depees at MT4e in An Imnt
suneshr This us memp! U-etd by mmionhI i4V~tt fmim the
CANI'STLR *PAl k'aWkfHin the cmty with bMitm. Mh Wmmnl
analusi asimie fto i CANISM~ casity hs Ofttd W f* IinteLh

0
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CANISTER Vacuum Drying Pessure
B 3.1.2

LCQ A vacuum pressure, ne3tig t limit specified in Tabe- 12A3-1,
Indicates that liquid water has " &vz,d aW bew rmoved from fe
CANISTER cavity. Removing wxar frm the CANISTER cavity
helps to enstre the IongM-tm Mantwx= of fuel c!dipg integrity.

APPICABIUTY Cavity vacuum dryig is perfot, dwrs LOADING OPERATIONS
OPERATIONS bem the TRANSFER CASK holding the CANISTER is moved to

tnmsftr the CANISTER to the CONCRETE CASK TWedeore, t6.c
vwacum requirements do not -pV y aft the CANISTM is backfJlled
with helium and leak te.sed pior to TRANSPORT OP.RATIONS and
STORAGE OPERATIONS.

ACTIONS A note h3s becn added to the ACTIONS. which tales that, for tIs
LCO, sepaate Condition .ntyIs aUowed for eub CANISTER. This b
acceptable, since the Required Actions for each Condition proide
appropiate compensatory masmues for each CANISTER not meeting
the LCO. Subsequent CANISTERs that do not meet the LCO awr
governed by iubsequent Condition entr omd applicaIon of asswodt
Requir-d Actions.

If the CANISTER cavity vacuum d'ying pressure lirMt c==iot bc met,
ations must bc taken to =at i LCO. Fuil=e to wuucccsfutly
comptetc cvity vacuumz dryift cCaval Mi many cauXs, such as fAlM
of the drtyui, 'ing system im qUe dranfinf, ice clonging of tht
drain lincs, or leakinr CANfSTER welds The Conpletioii Ti=e is
sufficient to d•miinc gnd c mot tlur¢ mchnsms.

If tho CANISTEIR ftl c;% ,anr.•*t be wcCSfuilly vacuum dried, the
fuel mus= e pWced in a saft conditio Crective actions mniy bc
tOka aftr xhr fl ixs 11 pl= in a gft condition to perfni Mhe A. I
wtioa proidcd fat th. Wm condts€ons fr ptcfmin A. I = mtL
M. mTly be repeftud a ,Mrim• of I•e bm r doto to perfnr•ml•s

parcfmina l DA ITeCwnplet Ttime atsrr us y basctt c c t6=t
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CANISTER Vacuum D* Pre
B3.1.2

requir tO reflood the CANISTER" pedbm fuel ccoidownpemdions,
cttsield fid weld, movt the TMANSFR CASK into theI& tfuel
pool ,*! remove the CANISTER shield lid in -on •mdry nmwe= and

SURVEILLANCE SR3.l.2.1
The long.;em -niteoty of lhestoir,4 fuel is depcnet on vtrg in a
dry, kW envbOme. Cavity 4ness dm strad by evacuaft
S cavity to a vey low &olute pi u p v&ei fyig that the
pss is held over a specified pod of time. A low va:uu=
pressur= Is an indication tha the cavity Is dry. The smveillance must
'be pertformed within 10 bours 4a completion ofCAMISTER drminsn.
This allows sufficient time to boddill the CANISTER cavity with
heli=, while minlmihg the time the fuel is In the CANISTER
witCut nAter or die anvWd inl. atm in tcavity.

WMFEENCES I. SAReclions 74 and 8.1

0
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S
CANISTER Helui Backfill P.xsue

033.1.3
B 3.1 NAC-MPC SYSTEM Jlgti,

B 3.1.3 CAN-IEMR Hell= kfill Jnrssu

BASES

SACKGROUND

9

A TRANSFER CASK with an empty CANISTER is placed into the
spent focl pool and loaded with fuel assemblies meeting the
rtqu'rements of the Functional and Openaing Limits. A shield lid it
then placed on the CANISTER. The TRANSFER CASK and.
CANISTER am MWsd out of the spent fusel pool. Th TRANSFER
CASK and CANISTER are then moved Wo the cask decontamination.
area, where dose rates aree muesed and t CANISThk shield lid is
welded to the CANISTER shell and the lid welds mre Inspected and
precure tested. The water is drair.d from tht. CANISTER, and
CANISTER cavity vuum drying. Is performed. The CANISTER

-cavity is b3ckfilled with beliu= and leak tested. Additional dose rates
arc mesurcd,.And the CANISTER vent port and drain port covcs and
structural lid are instaAd- *Ad welded. Non-dest,,ctive examinations
ac peuormed on the wds. Contamination mes nemts: am
completed prior to moving TRANSFER CASK and CANISTER In
position to transfer 1h CANISTER to -the CONCRETE CASK. Aftr
hem CANISTER is unnsfcnA aveage CONCRETE CASK survA

dose ratc meaurement amc tUrn. Th CONCRET CASK 13 then
,moved to the-ISFS1.

BxcMilling of ft CANISTER cavity with helium promotcs Ihet
ransfer horn the spent fuel to the CANISTER swrctme and te iben

atmosphere protects the fuel cladd4. Providing a helium pressure
equal to mvo'.phe6c pra=u es•'es that th will be no In-leakage
orair over tik Jifk of tk CANISTER, wAh might be 5.rful to the
Wit L'umsfcr fcdurcs of the NAC-MPC SYSTEM and h=al to the
fuel.

Tbe confinement ofr-dioxativity tioeluding frsa.on plduct, as fuel
fineS, •iaoatile•. W ctud) daWS the Wrggc ofg spnt fuel in the
CANIST.R is c• 4re by the tnulpk conlfaument boun6des ond
ssms Ie 71 an-iC r elted on axe: th fwel Wee nia, t Metallic
fuel clamp~; tubes Where (Me ful Pellets Mx eonW4&'V an tho
CANISTR,,ec the fuel waftmebs =r stoi Lonp-taem inti•'ity
ofYTE ( teW amn c 4 depf o ton CAbility of-the NACoMPC
SYSTEM ta tecmoc hot from who CANSTIM AO.MejCCt it o 1ke

APPLICABLE
SAFME ANALYSIS

0
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CANISTER Helium Bacjcrfhl Presse
B 3.1.3

environm t TINS is accomplishe by removing Water, ftom the
CANISTER cavity and backfilin the cavity with an ined gas,

The thai anayses ofthe CANISTER assum tat the CANISTER
c'ity is dried•and filled with dry heliun.

LCO Backfilhn the CANISTER cavity with heliuwi at a pssure eqtua to
Atrnospec press=r ensures ta there Is A air In-wlkge D4 the
CANISTER, which could deease the beat nsfer s. anO
resut in Inceaed claddinig amperatures Wn dartage to the fuel
cladding over the storage period. The helium bacitfli pressure
s~ified in Table 12A3-I was selected based onx minimum:bclium
purity of 99.91/ to ensure ta the CANISTER Intem4 pressure and
beat transfer from the CANISTER to, the environmerA is mvanagned
consistent with ft design and analysis basis of the CANISTER.

APPLICABILITY Helium backfill is performed during LOADING OPERATIONS. before
the-TRANSFER CASK oW CANISTER are moved to ft. CONCRETE
CASK for t fansrcr of the CANISTE bm TbrfoM, the bakftll pressur
requimeents do not aoply after the CANISTER Is bUcklilled with
helium aW• leok tested prior to TRANSPORT OPERATIONS #M
STORAGE OPERATIONS.

ACTIONS A note has been added to ith ACTIONS, whih slia, te i, for Ibis
LCO. separate Condition ctry Is allowed for c; CAIISTFM M is
accejnble, since ft RcqWulrc Actions for wh Condition provide
wpwvrOpriatc compensatory mnasurem for wh CANSTE r not moeting

the LCO. Subsequent CANISTERs, ftia do not met ft LCO =re
ItovCned by su1*=quent CorhiMO entry 04 AppliCation of &Moc• ed
[Pequired Actimns

If tk .ackfill Vmssure camot W obs•ul actions musm be tlke to
mom t h LCO. The Completion Tme is sufficitnt to detrmiw W
corrct mont fr4ihuer wbid im l pact t Wkfl1U'iq of ft
CANISTR cav'ity with hefht=
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CANISTER Helium Backfill Presswur
B 3.1.3

Ifs e CANIS1U wvity cannot be backfihled with helium to the
specified :pressur, tk fuel must be plated in a safe condition.
Coreftive actios may be taken a& the fuel is placed in a safe
condition to perfonr *e A.1 action provided that ihe initial conditionms
for performing A.I are met. A.1 maybe repeated m n~ m of the
times prior to perfomning B.I. The time fame for completing B.1 can
not be exted by r-perming A.I, The Completion Time h
reasonably based on fte time required to re-flood the CANISTER,
perform cookown openion3, cut the CANISTER shield lid weld,
move the TRANSFER CASK and CANISTER into the spent fuel pool,
remove the CANISTER slueld lid, and remove the spent foel
assemblies in an orderly manner and without challenging Personnel.

SURVEILLANCE SR 3•1.3.1
REqUIREMTS

The long-termintegrity of the stor fuel is depm-dent on the storage in
*a dry, Inert atmos.x-,re and maintenance of adequate heat transfer
mechanlism. Fillt the CANISTER cavity. with.kelium at a prs
wi•t th range speciEi-d In Table 12A3-1 will ensure that Om will
be no air In-leakago, which could potentially dag be ftuel. i
pressur of helium gas is sufficlent to Mnalon fuel cladding
tempaztures wiftn acceptable levels,

Backfilling of the CANISTER cavity must be performed successfmUly
on each CANISTER beforo placing it In- sto-,e. The SurveillWn

=,ust be peformed with 10 hours after drafn the CANISTEL
This allows sufficient time to bckfill the smalus with Uelum, while
minimzng ft time the loaded CANISTER Is In the TRANSFFR
CASK without the asumed inert atmosphere In te cavity.

POEF-RUNCES 1. SARScct,•to4.4.IxrAd.1.

S
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CANISTER Helium Leak Rate
B.IA

B 3.1 N-A.MC SYSTEM Intv

B 3.1A CANISR Helium Leak R&

BASES

BACKGROUND

!;w-

A TRANSFER CASK with an enmpy CANISTER is placcd-Lnto the
spent fuel pool wAi Wead vwi fuel assenblits meeting the
requirements of the Functional and Operat Limits. A shield lid is
then plced on the CANISTER. The TRANSFER CASK A
CANISTER arc raised out of t spent fuel pool. The TRANSFER
CASK and CANISTER w then moved into the cask decontamiation
ova, where dose rates ne measured and the CANISTER shield lid is
welded to, the CANISTER shell and t6K lid welds arm inspected and
pressurc tested. The water is draned from the' CANISTR, and
CANISTER cavity vacuum dging is performed. The CANISTER
cavity Is backfilled with helium and leak ted. Additionad dose nats

mmeasured, and the CANISTER vent port and drain port covers Wd
structural lid arc loslalled and'welded. Non-destructive examinations
are performed on the welds. Conarnination a are
completed prior to moving TRANSFER CASK and CANISTER in
position to tr-nsfer the CANISTER to ibe CONCRETE CASK. After
the CANISTER lm tnf•cmd. avmrqe CONCREE CASK surfce
dose rate msuremnnts ur taken. The CONCRETE CASK is then
moved to the ISFSI.

Backfilling the CANISTER cavity with helium promotes he transfer
from the fuel to the CANISTER shell. The inert atmosphere protects
the fuel c3dMins. Prior to tansferrins tho CANISTER to ft
CONCRETE CASM. fth CANISTER helium leak rate Is verified to
meet leak tight requikments to ensure that the fuel Is conmed.

APPLICABLE
SAFETY ANALYSIS

The cornfiment of radicity (indudinq frison product gSum fuel
fines. voI•atils. and cWu) durin the torne of spent firl in the
CANISTER is ensured by the r" tipe conf'nemennt boundries and
systems. -The tbicrs relied on amr: the fuel pellet matrix. the =~eWlic
fuel cla*ing tubts where ltk fuel pellcts ar= conind, vW the
CANISTM wh're the fuel a"semblies so stord, Long4-tm integrity
of the fuel nd- cladding. depends on runntaing # inert atmmos•mer.
ad mjainmn the d fing tempxrtumrs below csublislml tong-term
limit. This Is ecomplishcd by removing ,wter fom the CANISTER
and t~ckfihllog fth carity with beljium.
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CANSTER•Ielium Leak Me
B 3.1.4

LCO Verifying that the CANiSTER cavity helium Leak raw is below the leak
tight limit specified in Table 12A3-1 enses the CANISTER shWeld lid
is secod. Verifying th helium-leag raze is below leak tight levels
will also ensure that the asstmptions in the ,ccident analyses and
radfological evaluations are maained.

APPLICABILITY The leak tight helium leak am vaification is p.pforncd during
LOADING OPERATIONS before the TRANSFER CASK and integral
CANISTER are moved for Uransfer operations to the CONCRETE
CASK. TRANSPORT OPIERTIONS would not commeace if the
CANISTER helium leak rate was rot below the test sensitivity.
Therefore, CANISTER leak re testing is not requLoi during
TRANSPORT OFEERATIONS or STORAGE OPERATLONS&

ACTIONS A note has been added to the ACTIONS, which aat thau, for thi
LCO. separate Condition entry is sllowed for each CANISTI. This Is
acceptable, since the Required Actions for each. Condition provide
ppropriate compensawty masurs for-each CANISTER not meeting

the LCO. Subsequent CANISEIs thu do not mect the LO zre
govermed by subsequent Condition entry me application of assoclazcd
Required Actions.

Al.

Ifthe helium leak nt4 limit Is not 4t actions must be taken to mcct
the LCO. le-Corapletion Time Is sufick€t to determine pd correct
most railurcs. which could cause a helium leak rate in excess of the
limit.

If the CANISTER leakrAte cmnot W- brought vifti fth limit. the foci
must bI plucd in a sal'o con'ition. CotIc r.te-iw.s may be takm

*=i fuel is pbe in 4 ofa cor on to perform the A-1, =dton
provide ft ft k initia ccnsitions for peiformilg A.1 =r =Lt A-I
mzy b rpaatcd a m.xdmmu of thr=e times prior to pof'oming 3.I1
The time fr=n€ for comrp~itr B.1 cmn ot be extendce by rc-
pcrfoitnefA.l Thel•CoMp nTtme cafswnfue • •-d •n the timensrequircd to re'floodhev CANIS'TER pedfora fuel cooldown opent•ons.
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'CANISTER Helium Leak Atc
B 3.1.4

cut the CANISTER shield A'd wcld, move the TRANSFER CASK into
the spent fuel pool, remove the CANISTER shield lid, and remove the
spent fuel assemblies in an orderly anmer and without challenging
personnel.

SURVEILLANCE SR3.1.4.1
REQUUREMNTS

The prinma design consideration of tho CANISTES is that it is leak
dght-to cisure that off-sihe dose limits am not exceed and to ensure
that the -helium rnWas in tk CANISTER during 1og-term storage.
Long-term integrity of the stord fuel is depeadeni on storage in a dry,
iert environment.

Verifying that de..helium leak rate meets l*tight requirements must
be pfomed scccsfully on each CANIS17ER prior to placing it Im
storqg. The surveillance must be performed within 36 hois after
completion of CANISTER vacuum drying. This allows svuficient titne
to Wll the CANISTER cavity with helium and perform the lcak *
test, while minimizing the timen the f•cl is in the CANISTER without
wAW or the assumcd heliwu atmosphere in the caviby.

REFERENCES I. SAR Sections 7.1 and V.
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CANISTER Maximum Time In the TRANSFER CASK
B 3.1.5

B 3.1 ACM TEM'Intefit

.B 3.1.5 CANISTER Maximurn Time in the TRANSFER CASK

BASES

BACKGROUND A TRANSFER CASK with.an empty CANISTER is placed into the
spent fuel pool and loaed with fuel assemblies mgting the
•requirements of the Functional and Operating umits. A shield lid is
then placed on tde CANISTER. The TRANSFER CASK and
CANISTER are raised ot of the spent fuel pool The TRANSFER
CASK and CANISTER are then moved into tfe cask dectamination
area, where dose rates az.,measured and the CANISTER shield lid-is
welded to the CANISTER shell and the lid welds are inspected and
pressure tested. The water is drained from the CANISTER, and
CANISTER cavity vacuum drying is performed. The CANISTER
cavity is backflilled with .heliun and leak tested. Additional dose rates
are measured, and the CANISTER. vent port and drain port covers and
structural lid are istalled and welded. Non-destructive exmhnations
am performed on the welds. Contaminaton- measurements are
completed prior to moving TRANSFER CASK and CANISTER in
position to transfer the CANISTER toThe CONCRETE CASK. After
the CANISTER is transfnrred, average CONCRETE CASK surface
dose rate measurements are taken. The CONCRETE CASK Is then
moved to the JSFSI.

Backfilling the CANISTER cavity with helium promotes eg transfer
from the fuel and the Inert atmosphere protecs the fuel cladding.
Limiting the total time the loaded CANISTER is In the TRANSFER
CASK. prior to its placement In the CONCRETE CASK, ensures ihat
the s-ort.tenn temperature limits established In the Safety Analysis
Report for the spent fuel cladding and CANISTER mnteals o= not
exceeded.

APPLICABLE
SAFETY ANAL.YSIS

Limiting Ute total time a load;d CANISTER bckflUlcd with helium Is
authorized in the TRANSFER CASK. prior to placement In the
CONCRETE CASK, ensures tlat the dwort-term temperature limits for
the spent fuel cladding and CANISTER netcrials ave not xeeedc-d.
Upon placemnt-of the lwoted CANISTER In ft CONCR E CASK.
the :einp urcs of tht CANISTER and stored spent fuel will retm to
below the cstablisWe long.term temperature limits due to the more
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CANISTER Maximum Time in the TRANSFEILCASK
B 3.1.5

efflicnt pasive but transfer characteristics of the CONCRETEI
CASK. Ensuring tempewures are malnta ned below short-team limits
for a limited time peniod and returning them to below long-tanm limits
will pre.vent d;mage to the qent fuel cladding and the as-analyzed
perfonrac of the CANISTER materials,

LCO Limiting the length of time that the loaded CANISTER backfilled with
helium,is allowed to remain inf TRANSFER CASK ensum that the
spent fuel cladding and CANISTER material tempbtures rcmfj
below the short-term temperature limits etablished in the SAR for'the
NAC-MPC SYSTEM. The time duration is afunction of thie design of
the TRANSFER-CASK and the NAC-MPC SYSTEM.

APPLICABILITY The elsecld timc restrictions on the lwed CANISTER apply during
LOADING OPERATIONS from the- completlon point of the
CANISTER vacuum dryness verification tdrugh completion of the
transfer from the TRANSFER CASK to the CONCRETE CASK.

ACTIONS A note hos been added to the ACTIONS, which states that, for this
LCO, separate condition entry is allowed for cach NAC.MPC system.
This Is acceptable, since h•t Required Actions for each condition
provide appropriate compensatory measures for each NAC-MPC
SYSTEM not meeting the LCO. Subsequent NAC-MPC systems that
do not meet tht LCO ore governed by subsequent Condition entry and
application of Associated Required Actions.

Aat

If the LCO Ome limit is cxccedcd. the TRANSFER CASK containing
the loaded CANISTER will be retrumd to thc spent fuel pool to allow
the cooler spent fuel pool water to reduce the TRANSFER CASK,
CANISTER And stored spent fel temperaurs. After a minlmurm
period of 24 hour and when problem, which catad t delay In
Ufering the loWdd CANISTER to tlk CONCRETE CASK are
rcsolved. ifAny. the LOADINO OPEMMTIONS. can bc re.conmcnccd.
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CANISTER Maxihmnur ic in toe TRANSFER CASK
B3.1.5

SURVEILLANCE SR 3..5.1
REQUIREMENTS

The elapsed time shall be monitored from completion of CANISTER
dyness venificftion until tmsfer operations into the CONCRETE
CASK are completed.

REFERENCES 1. SAR.Sctions 4.1 and 8.1.

0.
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Fuel Cooldown Rqeluirements
B 3.1;6

B 3.1.6 Fuel Cooldown Recuirement

BASýS

BACKGROUND In the event that a CANMSTER must be unloaded, the CONCRETE
CASK vAth its enclosed CANISTER is returned to the- fuel building,
the CAniSTER is removed from the CONCRETE CASK using..the
TRANSFER CASK, and the TRANSFER CASK and CANISTER are
placed in the cask preparation area to begin the- process of fuel
unloading. The structural lid and vent ond drain port cover welds are
removed. The CANISTER cavity gm is sampled to determine.the level
of radioactive gases in-the cavily. Al-low pf nitrogen gas is established
to -Bush radioactive gases, from the cavity. A cooldown system Is
attached to the drain connection (inlet) and vint connection (outlet). A
controlled water flow rate wih a specified minimum water temperature
is established to the drain connection with the steam and water being
discharged from the vent to the spent fuel pool or radioactive water
treatment system. Cooling water flow is maintained until the
CANISTER is filled and the contents sficiendty cooled down~to allow
placement of the TRANSFER CASK and CANISTER in the spent fuel
pool.

Following cooldown, the shield lid wcld is- removed and the
TRANSFER CASK and CANISTER arm placed in the fuel pool. The
shield lid Is removed and the fuel assemblies are removed and placed In
storage rack locations. The TRANSFER CASK and CANISTER ate
romoved from thespent fuel pool and decontaminated.

APPLICABLE The use of a controlled cooldown process allows the reflooding of the
SAFETY ANALYSIS CANISTER and cooling of the stored fuel assemblies In. manner

which preeludcs the creation of excessive thernal stre=Ss In the fuel
cladding, which could result In cladding rupture and steam-pressures In
the cavity that could exceed the CANISTER's design presure.

By Controlling the water flow rate and minImum water temperature. the
rate of fuel cooldown is controlled, thereby preventing fuel cladding
fil=end maintenance of a steam pressure within The CANISTER
design pressur,, thus ensuring CANISTER structural Integrity.

10

U.
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Fuel Coofdown Requircments
B 3.1.6

LCO Controlfgithe inlet water flow rate and temperature ensure that, themr
is no eycessive thmmally induced.stress in the fu.l cladding.leading to
failure .and the ster pressure will be maiuitalped below analyzed
design values; Th exit WAter tezmtnrature is monitored to ensure that
the MANJSTERpcontents are sufficiently cooled down to allow return of
the CANISTER to the spent fuel pool for fuel assembly unloading.

APPLICABILITY The inlet water flow rate and temperature and* water/sicam outlet
temperatyres are controlled, and measured during UNLOADING
OPPRATIONS after the CANISTER has been transferred- to the
TRANSFER -CASK from the CONCRETE CASK. Therefore, the
CANISTER fuel cooldown LCO does not apply during TRANSPORT
OPERA3IONS and STORAGE OPERATIONS. A note has been
added to the Applicability for LCO 3.1.6, which states that the
APPLICABILITY is only, applicable to wet UNLOADING
OPERATIONS. This. is acceptable, since tfr intent of 4he LCO is to
avoid uncontrolled CANISTER pressurization due to steem. creation
during CANISTER reflooding. This is not a concern flor dry
U'LOADING OPERATIONS.

ACTIONS A note has been added to the ACTIONS, which states that for this
LCO, separate Condition entry is allowed for each NAC-MPC
SYSTEM. This Is acceptable, since the Required Actions for each
Condition provide appropriate compensatory measures for each
CANISTER not meeting the LCO. Subsequent CANISTERs that do
not meet the LCO =re governed by subsequent Condition entry and
applicoion of associatcd-Rcquikcd Actions.

Ad

Ifthe Inlet water flow rate and minimum temperaptu requiremcnts are
not met, actions must be taken to restore the parnaeters to within the
limits. The Completion Time Is derfmed as Immediately to ensure
ations are taken to correct the LCO before fuel cladding damago or
overp•rsu&rtlon of the CANISTER has occuaed. No additional
actions arc approprutc, since this LCO applies dudpS UNLOADING
OPERATIONS, which cannot prowced until th LCO is met
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Fuel Cookdown Requirements
B 31.6.

SURVEILLANCE
REQUIRWENS

SR 3.1.6.1

-This SR ensures that the=-mperatues of th CANISTER, basket and
fuel contents do not exceed short-term limits prior to Initiation of
cooldown operations.

SR 3.1.6.2

The long-term integrity of ft fuel assembly is depmnant -on the
material conditionof the fuel asiembly cladding. Min, Wnf " cladding
damage, due to qxcessive thermally induced stresses in tU cooldown
process, ensures continuing cladiding integrity for future wet or dry fuel
storage. -By controlling the flow rate and entry water temperature, the
crtation ofsteam pressures exceeding design values is prevented.

REFERENCES 1. SAR, Sections 4.4 and 8.3, and Chapter 3.
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CONCRETE-CASK Therrml Pcronrmance

B 3.1.7
B 3.1 NAC-MPC SYSTEM Integrity

B 3.1.7 CoN-,&M -CASK 7rk.-a Prforma

BASES

BACKGROUND The NAC-MPC SYSTEM consist'S of a CONCRETE CASKcoitaining
a CANISTER loaded with spent fuel assemblies "tored- in a dry inert
atmosphere. ThIe-'CANISThR is designe4 to rejet the dccay-heat from
the stored~spent fuseland to rainton cladding tampeguyers within long-
term limits. The CONCRETE CASK is designed to provide cooling air
flow to the exteniul surfaces by a passive-natural convection mode of
heat transfer.

Verfication of the tempciaturc of the outlt air, when corrected for
ambient temperatur, provides to~nfirmtdon that the function of the
CONCRETE CASK is within-dcsign paraneters and the CANISTER
contains fuel assemblies authodrizd for storage in accordanc with the
Functio,'l and Operating Limits In-Section 2.0.

APPLICABLE The limit on the outlet air termnpratwe Is based or the thermal an'lyses
SAFETY ANALYSIS in the SAR (RlI. 1). The limit was selected to ensure that the fuel

cladding and CANISTER strictural components will not exceed normal
storage condition long-,le temrpraturc limitations. Cladding and
stmctu-al component temperatures exceeding long-term limits could
result in fuel a=s=,bly cladding umage and a reduction In the
structural inttgrity of the fuel basket and CANISTER.

LCO The limit on outlet air 1cmpeOur.e vws selected to ensure ftt long-
ferm gtorase temperiture liimts will nct be exceeded.

APPLICABILITY The outlet air lcmPeniure limit applics dung STORAGE
OPERATIONS. Dic to the large 1hormal inertlu of the CONCRITE
CASK. thernW PerforMAnce • only be determlne4 once the
CONCRETECASK is plcd ornthe ISFSI p4d. Therefore, the LCOi3s
not apjplicable ta LOADING OPRATIONS and TRANSPORT
OPERATIONS.

0
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CONCRETECASK Thermn Performance
B 3.1.7

ACTIONS A note has been added to the ACTIONS, which -states that,, for this
LCO; seprate 'Condition enfry is allowsd for each NAC-MPC
SYSTEM. This is qcceptable, since the Required Actons fot each
Condition provide.appropriate compensatory meaw s for each NAC-
MPC SYSTEM not meting the LCO. Suisequent NAC-MPC
SYSTEMs that do not .meet the LCO arc governed by subsequent
Conditionentry and application ofassociated Required A1,3ions.

If the air outlet temperatare is -not within limit, it could be a result: of
the'blockage or air flow restriction of one or more of the air inlet and
outlets, thereby reducing cooling air flow to the CANISTER. Such
blockage could result in an excessive heat-up of the rematng air flow,
a re4uction in the heat rejection capability of the CANISTER Wnd
basket, and potentially, lnreses in fuel cladding and structural
component temperaturs exceeding long-ter allwables. The visual
inspection and removai of any blockage In the air inlets and outlet- will
allow the air flow to be restored. The completion time is based on tW
time required to jieform such inspections under appropriate
radiological contrbl procedures.

if the air outlet temperature is not within limit, it could be a result of
faulty, damaged or out of calibration temperature measmuing equipment.
The verification of proper functioning, calibration and accuracy of the
temperature Instru-entation could result In air outlet temperatures
meeting the limit. The Completion Time Is based on fe time required
to verify instrument perforwance.

If the air outlet temperature exceeds the limit, It could be an lv.dicotlon
that.one or more fiel assemblies with higher decay hU fta speclWfi
lra the Functional Wn OpcationA Limits in Section 2.1 wv
Inamvertently loaded Into the CANISTER. An mninlstrative
verification of the CANISTER fuel loading, by means such ps review
of video recordings of fuel loadings and rcor4 of the lo•Med furl
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1CONCRETE CASK Thernnl Pcdfonnancc
B 3.1.7

.asembly serial nu~ibe;s, 'an eablish whdh ,a r•btLd fuel
assembly Is the cause of th; •t-of-"lit condition. IleCtmpletion
Tune Is basedon the time to perform such verification.

If the air outlet temp atn.not be brought into compliance vAth the
limit, the thermal p1fronrance of the NAQ-MPC SYSTEM is not
wthin the thermal analyws in the SAIL. 1 fuel must be placed in i
safe condition in the spent fuel pool. The Completion Time is
reamonaly based on Utse time required to return the NAC-MPC
SYS'HlIM to the- fuel building, transfer the CANISTER into the
TRANRER CASK, %',ove the structural lid and' porl cover welds,
cooldown the-tC,,41STEk and fuel-assemblies, removithe shield lid
weld and unload the fvel, asscmblies from the CANISTER in an orderly
manner and without challenging plrsonnel.

SUPVEILLANCE SR 3.1.7.1
REQVIREMENTS

The NAC-MPC SYSTEM thermal •pedormango is determined after the
NAC-MPC SYSTEM is placed in. STORAGE OPERATIONS at the
ISFSJ pad amd achieva thermal equilibrium. The SURVEILLANCE
will then be performed every 24 hours for the period the NAC-MPC
SYSTEM Is In STORAGE OPERATIONS.

REFERENCES 1. SAR. Sections 4.4, 8.2.
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CONC4RE CASK ?aximumn Lifting Height
B 3.1.8

B 3.1 NAQC- S YM Ita

B 3.1.8 .NC,'CASK Mmim Lifting H&W

BASES

BACKGROUND A loadbd CONCRETE CASK is transported between the loading
facility and the ISFSI using a heavy haul trailer. The CONCRETE
CASK is handled in the vertical orientation. The height to Which .the
CONCRETE CASK Is lifiedt is linited to ensure that its snctual
integriy, and that of:the installed CANISTER, =e not compromised
should it be dropped.

APPLICABLE The stnctral analyses of the CONCRETE CASK and CANISTER
SAFETY ANALYSIS demonstrate that the drop of a CONCRETE&CASK from the Technical

Specification height limits to- a surface having the structural
characteristics describe& in Design Features Section 4.4.6, will not
compromise the NAC-MP. SYSTEM integrty or resut in physical
darMae to the containe4 fuel assemblies. The structural analyses
evaluated a CONCRETE CASK -tip-over event onto an ISFSI. surface
also having structural characteristics, as d-scribcd in Design Features,
Section4.4A..

LCO Limiting the CONCRETE CASK lifting helgh', during TRANSPORT
OPERATIONS maintains the NAC-MPC SYSTEM within the design
and analysis basis The maximum lifting height Is a function of the
NAC-MPC SYSTEM design. The lift height requirement Is spc;lficd In
LCO 3.1.8 for the vertical orientation,

Site Specific P•armeters and Anaysis, Section 4.4, provides the
characteristics of the drop surface asumed In the analyses. As required
by 10 CFR 72.212(bX3), each licenmce must "...determine whether or
not the rcctor site parametcrs...are envelopcd by the cask degn
bas=..."; therefore, licensees mu evalatete mlto strsort route to
=ssure that-It is bounded by Section 4.4 or that potentiad drop accidonts
m bounded by the CANISTER design basls 55 S deceleration
(horizontal odentation) or 50.1 g deceleration (mitlcec orientation).

9
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CONCRETE CASK Maximu Lifting, Height
B 3.1.8

APPLICABILITY CONCRETE CASK lift4g height restrictiois. tpply during
TRANSPORT OPERATIOWS, which includz movement of the
CONCRETE CASK while secured on the heavy haul trailer.
:CONCRETE-CASK and TRANSFER CASK handling and drop yvents
psulatd to occur in the fuel loading facilitiesar addressed in the
user's FSAR orISDAR.

I

ACTIONS 'A note has keen added to the ACTIONS, which states that, for -this
LCO, separate condition entry is allowed for each NAC-MC
SYSTEM. This is ;cceptablo, since the 'Required Actirons for each
Condition provide appropriatt compensatory measures -for each NAC-
MPC SYSTEM not meeting the LCO. Subsequent NAC-MPC
SYSTEMs that do not meet the LCO are governed by -subsequent
Condition entry and application of associated Required Actions.

If Pz:,¢ olthe CONCRETE CASK lifting height requirements are met,
,.ftediate action must be initiated and completed expeditiously to
comply with. the lifting height requirements, In order to preserve the
NAC-MPC SYSTEM desigwand nalysis basis.

SURVEILLANCE SR3.1.8.1
REQtqREMENTS

The CONCRETE CASK lift height requirements of LCO 3.1.8 or the
site-specific lift height requirements developd under Design Features
Section 4.4.6 must bI vcrificd to be met after the CONCRETE CASK
is secured to the trasporter and prior to the transporter keginrning to
move the CONCRETE CASK to the ISFSL This ensures potential
drop accidents during TRANSPORT OPiW.A'1IOS arm bounded by
the drop analyses.

REFERENCES I. SAP, Sections 8.1. 8.3. And 11.2.4.
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TRANSFER CASK Mfinhum Operating Temperture
B.3.1.9

B 3.t NAC-MCc SyS M lntewtK

B 3.1.9 TRANSFER CASK, Minimum Oogat Texture

BASES

BACKGROUND The TRANSFER CASK is a shielded handling device designed'to lift
and protect the CANISTER d.ring fuel LOADING and UNLOADING
OPERATIONS. It is used to perform the vertical transfer of the
CANISTER to and from"the CONCREE CASK. This ,transfer
opetation can occur within The confimes of the fuefading facility orin
the open environment adjacent to the facility.

The structural lftegrity of the TRANSFER CASK and its capability to
handleand shield a loa.ded CANISTER is ensured by maintaining the
TRANSFER CASK ferrous material temperatures significantly above
the materials' nil ductility transition temperatures (NDTT), thereby
precluding brittle fracture,

APPLICABLE The structural analysis of the TRANSFER CASK is based on the
SAFETY ANALYSIS ductile performance of the structural maiterial. The TRANSFER CASK

structural materials were selected for their low temperature fracture
toughness. In accordance with NRC Reg Guide 7.11 (Ref. 1). the
lowest service temperature of a ferrous material component should be
established at a minimum of 40F above the NDTT for the material.
For the NAC-MPC transfer cask, the -NDT' established In the SAR is
-504F. Thlfrefr the minimum ambient temperature limit of O•F is
established. Conservatively, -the decay heat from the contained spent
fuel Is not assumed to nmintain thi, TRANSFER CASK moterial
temperatures above ambient.

LCO Limiting the TRANSFER CASK operations outside of covered or
heated facilities when the external ambient temperature Is below the
minim tmpcmeatu limit maintains tho NAC.MPC SYSTEM within
the design And analysis- basis of the SAR (Ref. 2), The minimum
operatlng tcmperaturc selected is based on tho propertics of the
materials of consction of the TRANSFER CASK,
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TRANSFERCASK Minimum Operating Temperature
B 3.1.9

APPLICABILITY
I

The minimiun operaring temperature iiet applies for TRANSFER
CASK operations external to the fuel-fatility during LOADING or
UNLOADING OPERAT1ONS

ACTIONS A note los been added.;o the ACTIONS, which states that, for this
LCO, separate condition entry is allowed for each NAC-MPC
SYSTEM. This. is acceptable, since the Required Actions for each
Condition provide appropriate compensatory measures for each NAC-
MPC SYSTEM, not meeting the LCO. Subsequnt NAC-MPC
SYSTEMs that do not meet the LCO- are governed by subsequent
Condition enuyrad application of associated Required Actions,

&.i

For external TRANSFER CASK operations, if the exdemal ambient
temperature is at, or below, the minimum operating temperature limit,
immernate action must bo iflfiated to stop t.e LOADING or
UNLOADING OPERATIONS sequence to ensure that the
TRANSFER CASK is not operated outside of the fuel facility.

0

SURVEILLANCE SR 3.1.9.1
RPtQUREMENTS

The external ambient tempertur= shall bc measured, prior to. and
during the LOADING or UNLOADING OPERATIONS, to ensrm that
the amblent temperauwr does not fall below the sta*lished
TRANSFER CASK minimum operating temperature for ope•alions
external to the fuel building.

*REPERENCES I, NRC RG 7.11.

2. SAP Sections 2.2,3.4.1,8.1 and 83.
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CONCRETE CASK Average Surface Dose Rate
B 3.2.1

B 3.2 NAC-P..r PWiation'Pro tion

B 32.1 O.N• E CASK AveUie Surface Dose Rate

BACKGROUND The replatioa3 governing the operation of an ISFSI set limits on the
control of occupational radiation exposure and radiation doses to the
general public (Ref. 1). OQculatonal radiation exposure should be
kept as low as reasonably achievable (ALARA) and within the lirfits of
10 CFR Part 20. Radiation doses to the public are limited for both
normal and accident conditions in accordance with 10 CFR 72.

APPLICABLE The CONCRETE CASK average surface dbse rates are not an
SAFETY ANALYSIS assumption:in any accldentanalyds, but are used to ensure compliance

with regulatory limits.on occupational dose and-dose to the public.

LCO The limits on CONCRETE CA6K average surface dose rates are based
on the shielding analysis of the NAC-MPC SYSTEM (Ref. 2). The
limits arm clected to minimize radiation exposur to the public and
maintin occupational dose ALARA to persoinal working in. the
vicinity of the NACMPC SYSTEMs The LCO specifies sufficient
locations for taking dose rate measurements to csuro-the dose rates
measured are indicative of the effectiveness of the shielding material.

APPI.CASILITY Tht CONCRETE CASK average surface dose rates apply during
LOADING OPERATIONS. These limits ensre that the CONCRETE
CASK average surface dose rates during TRANSPORT
OPERATIONS. STORAGE OPERATIONS, and UNLOADING
OPERATIONS are bounded by the shielding safety a.lysts.
Radiation doses during STORAGE OPERATIONS are monitored by
the NAC-MPC SYSTEM user in accordance with the plant-specific
radiation protection program required by 10 CFR 72.212(b)(6).

ACTIONS A note h5 been Wdded to the ACTIONS, which states that, for this
LCO, sepa-ate Condition entry Is allowed for e4c loaded CONCRETE
CASK. This Is acetptable, since the Required Actions for each
Condition provide appropriate compensatory mwmsures for each

0
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-CONCRETE CASK Averaot Surface Dose Rate
B 3.2.1

CONCRETE CASK not meeting the LCO. Subsquent NAC-MUC
SYSTEMs that do not meet the LCO arm governed by subsequent
Condition entry and application of associated Required Actiora.

Al

If the CONCRETE CASK average surface dose rates are hot within
limits, it could be an indication that a fuel assembly was inadvertently
loaded into the CANISUR that did not meet the Functional and
Operating Limits in Section 2.0. Administrative verification of the
CANISTER fuel loading, by means such as review of video recordings
and records of the loaded fuel assembly serial nunibers, can establish
whether a misloaded fuel assembly is the cause of the out-of-limit
condition. The Completion time, Is based on the time- required to
perform suwh a verification.

Al

If the CONCRETE CASK avervi surfafe dose rates =r not within
limits and it is determined that tie CONCRETE CASK was Ioade4
with th correct -fuel assemblies, an analysis may be performed. Ai s
analysis will determine if the CONCRETE CASK, once located at the
ISFSI, would result in the ISFSI offsite or occupational calculaWd
doses exceeding regulatory limits In 10 CFR Part 20 or 10 CFR Part 72
If it Is determined that the out of limit average surface dose rates do not
result in an the regulatory limits being excecded, TRANSPORT
OPERATIONS may proceed.

If It is verified that the fuel was misloaded or that the ISFSI offshe
radiation protection rmquirements of 10 CFR Part 20 or 10 CFR Part 72
will not be met with the CONCRETE CASK average surface dose rates
above the LCO limit, the fuel as.nmblies must be plamd In a safe
condition In the spent fuel pool. The Completion Time, -s reasonably
based on the time required to trunsfer the CANISTER to the
TRANSFER CASK, remove the structural lid and vent and dn port
cover welds, perform:fuel cooldown operatdons cut the Weld lid weld.
move tie TRANSFER CASK and CANISTER into the spent fuel pool.
remove the shield lid, ad remove the p fuel a=blles In an

i orderly Mane and without chlleniSn p==Ionnel.
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B .2
CANIT Sudl' scclf•, Confntin~i

If tde removable surfie. cosnoswton of the CA1ISTER hat us
been lowckd with spent 1fie Is wio %ifth the LCQ lim~its, Mwton must
be lnated to dmnWnanc the CANISTER an4 hdng the reuiova•b•
suwfactc •onanatW ion whn fiaits. Th- Compkdon Time of uPsior to
TPANSE'ORT OFERXUQNSN is uiMsqovtit gitvc thw the thne
nwded to complete the decontanlnon Is Indeeninazc NW surfu
entamintlon do•s not Aff 1k art storage of fth spezt fuel
assemblies.

S(URVEILLANCE $9 3.2.1I
REQUIMEMEZT

This SR vidfles WEat te gcmornbla swirf conmigam fion on the
accenible surface oflt CANISTER. Is las d= t4 iimits In td LCO.
The Suzifllnce Is V mcfdn using smczr survys to dtc removablc
surf=tc contnimifiori. Me Faquency rmquirms Wwaing the
vctrimfcaion prior to rdlnfuqn TEANSPWRT OPERA11ONS in ordet to
co•ftm that the CANISTER cam be moved to tbe JSFSI ,ithow
spcdio loosenLtimtion.

Uthz SR wcriu Om fth i =c eovabl sdw *canuniln~lo wi Ow
inkror swr•mc of fth TRANS CASK Is hles m &e limits,
theeby pmvrdzo; iMdi ctnomation Wl% It rmow fic-

comilin Athe =iacessibit :wvIeets of fth CANIMTR Am~
heft 1•h0I1i It 000 M • Lths1"o*,P4 f'n Uooi1. of t•k

,Uul•en ,,tM A, fill . Tie Sg-,llM$•L J1 Pmaf,,t,- USti*
sw si~tncys. to d*-"Z tutf=vd conw=W&on The
FfmeqW xVM~t Nif&=4z fth Mfiawa Pfitt to Wigfth
r,,xt LO•NlU OPE.IO rt, squwim
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