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ABS'IRACT ata rateof 67 cal/cm2/hr. As the specified ambient
_ml_r_arc andsteady.s_ solarflux are somewhat

Theslrect_mlproperlksof spentnuclearfuel lowerthanpeaksoftenreached in someregionsof the
shippbg conml,mrsvary m a fu_on of the caskwall country,it hasbeendeemedvaluable to comparethe
l_'mperatme.A.nanalysisisperformedtod_ the effectsofanhourlyvarying realistic,thoughbounding
effectofa rea_;fic,dmeghbounding,hotday (_.e SecdonH), ambientcycletothoseof theregulation
environmenton,the thermalbehaviorof spentfuel as implemenu_LThis study will undertakea comparison
shippingCas_..Theseresultsme comparedm those ofcaskresponsem two sets ofambient conditions, and
which develop _mdera steady-ml_ applicationof the examinetwod/ffer_ntrealisticcaskdesigns in orderm
prescribednon!_ thermalconditionsof 10CFRTI. The drawconclusionsaboutthe general differencesbetween
completedanalysisrevealedthatthemajorityof wall them_la_ry andrealisticconditions.
rempem_, fee a wide varietyofspentfttelM_ppJng
caskconfilpn_ons, fall well below dmse predictedby Previousstudies by Lake have shown thattheNP.C's
using thestesdy-mteapplicationof theregulatory hotdaythermalconditionisadequatefor predictingthe
boundary cond_'tions.It was foundthat maximum thermalresponseofthe inu=ior regions of large water.
lempemm_s atlthecask surface_onally lie above cooled shippingcasks,l It has also been shown by Brown
temperanm_pr,ulicted undertheregulatorycondition, thatthe thermalresponseofthe surfaceregions of casks
This is due to _e conservativeassumptionspresentin the characterizedassimple steel plates arereasonably well
ambient_t_:ns u.qed. The analy._sdemonstratesthat representedby uti]/zationof the norm,',.]conditionof
diurnalternl_r_turevariationswhich penetratethecask IOCFRTI.ZActual caskdesigns, however, are
wall have maximasubstantiallyless thanthe 'laminationsof several concenlricshells with widely
correspondingt-.mpemmresobtainedwhenapplyingthe varyingthermalproperties,and hence much more
steady-stateregi_lamryboundaryconditions.Thczeforc, it complicatedthanthe steel platesstudiedby Brown,
is certainthatv)ml cask componentsand the spent fuel Fm'thcrmore,the studies by Lake andBrown use only
itself wiXInote_:ceedthe temperaturescalculatedby use simplemathematicalfunctionsto represent postulated
of the steady.._m_imcrprctadonof the IOCFRTlnormal environmentaldata. It is thoughtthat by utilizing actual
conditions, hotday data,a morew.alisdcanalysis my be performed.

Lastly,Brown'sanalysisused a lumped-parametermodel
I. INTRODUCHON Itis felt that mare exact conclusionsmay be drawnby

modelingthe spatialpropagationof thermal effects
The U. S. NuclearRegulatoryCommission (NRC) throughthe caskwall, especially in simadons involving

has specified _: normal thermalconditionsunderwhich multiplelayersofcask material.
spent fuel shiplfin"IIcontainersarcto be evaluatedinTide
10 of the Code of Fexlc_ Regulations,Section 71 The importantdifferencebetween the regulationsas
(10C_71). Tee regulation specifies an ambient cited, andthe acmMtypical meteorological conditions, is
temperatureof',i8 "C(100 'F), anda daffy totalinsolation two-fold. Ftrst,then:is the matte_"of the peak values of
of 800cal/cm2,whichis tobedeposir_,dovera twelve temperatureandinsolation,whichbothmay bepotendalJy
hour period. O,e frequendy used inrrat_mtion of the largerthand_estatedregulatorycondition. Second, the
insolation reguhfion assumesthat thesolarflux is steady, natureof thediurnalvnriadon of both the temperatureand
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adequate formnladon of a thermalboundaryconditionfor
sore :zo the surfaceof a cask.

40eo "*'_.'_'m_'_" 3n All availableTMY datawere searchedin orderto

i "'_ loca, each day in which 0u: integratedradiationflux
_0o _z4 (total Iluence)wss a maximum. A similer searchwas

t lt2 ,, conductedto find themaximum tcmperatuz¢in the U. S•

TMY. The worstcase day for insolation in the TMY data
3:0 was foundto be forDodge City, Kantas, on May 29i

tom _m (834.4 cal/cm2). The hoist day in the TMY was
'3os recordedforYuma, Arizona,on July 10 (tsu ffi46 "C).

o The TMY datafor these days are shown in Figure 1.
O 8 12 16 _0

se_ 'rim,,br Themeasurementsprovided in the TMY datasets are
recordedin hourlyincxements,however, a veaSs_¢

Fil,mre I: TMY Hot Day Data thermalsimulationwhich utilizes this damwill havea
time stepsmallerthanone hour. Itbecomes necessaryto

insolationrote s_ggests thattransientthermalbehaviornot interpolate thedatain some manner,in orderto provide
predictedby the steady.state interpretationof the insolationor temperatureboundaryconditions at any
regulatorymock_lmayoccur. These cffcclz compete m a instantover zhecourseof a day. There is an abundanceof
cez',ainextent, azzddmiled analysis canq_anti_ the Interpolationroutines which may prove u_ful for the
overall thermal_ehavior of umtsp_ _ subjectedto presentapplication. However, due to the genera/shape of
diuaratlvaria_ in ambieatconditions, thedam,theCosine Fourier Transformation(CFT) was

cbosenforuseinevaluatingthedam. The CFT is
k is crucial to point out thatthe analysesdescrfl_ particularlysuitabledue to its inherentability to evaluate

havebee_ carriedout with very realisticambient thederivativeof a functiononce CFT of thefunction is
conditionsandc.askdkmigm.The heat loademanating known.4 This ability is helpful when evaluatingthe
from the spent f_,l will not change therelative profilesof insolationdata,since the TMY dalaprovides
thezealistk andxegulatorycases even if the heat loadis mcasu_ments of the insolation flucnco during each hour
varieddrastically. However,variationof the heazsource previous to therecordingof the measurement,which is
will changethe:nagnimd_of thetemperatureswithinthe effectivelythe intep'dof theradiationflux. Thus,the
cask walls quite significantly. Thus, it muszbe noted zhat insolationraze may be recovered from the databy taking
thetemperatureprofilescalculatedfor discussion in this the derivativeof the fluence value. The CFT curve fits of
scclion are to be viewed only with regardm comparisons zheTMY dataarealso shown in Figt_c I.
of therelative effectsof the rca/_c andregular_v
conditions, and_ould not in my way be co_ as The CFT functionof zemperaturehasbeen smoothed
predictions of i_mal le_vtral_e$ in Iranslmnsituations, in ord_ to eliminate the smalloilier oscillations presentin
Therefore,if any specific tem_ withinany cask the dam. The peak temperaturehas been preserved,as
wall is shown _ exceeding the specific regulatory well as the generalformof the diurnalvariation,however,
gtddctine_for the temperaturesof correspondingcask smalleroscillationswhich do notcontributetothe
components,thi:;must notbe takenas a weaknessof the general,overall di=mal behaviorareeliminated. Had the
caskdesign, thc computationalalgorid_n,orof this small oscillationsbeenretained,physically unn_istic
analysis. The c_Iculationswhich demonswa_ compliance "wiggles" in the CFT interpolationwould have resulted.
with specific[entperatun:regulalionsarcthedomainof Thesmoothingwas performedby canceling20 (out0f48)
cask numufactm=rsand areoutside the scope of this of the higherorder lermsof theCFT by suing thek
repos',, ccefficientsequalto zero. Thesecoefficients correspond

to cosinewaves with thesmallestperiods,and hencearc
IL DF.SCRIFH,Z)NOF THE WORK most responsiblefor the extremely localized "wiggLing."

The mew,ondogical datawhich wasused in thisstudy A. Heat ConductionModel
has been compi_,,dby theNational Climatic DataCenter
(NCDC), The NCDC has gatheredwcathcrOazafrom all In order to dezerminethe penetrativeeffects of the
over the U.S. ov,',ra period of 27 yearsandcombinedit in diurnal variationof temperatureandinsolation,and
a series of reconLscumulativelyre,fe.n_ to as theTypical therebythe maximum temperatureprofite throughthe
Meteorological '_'earO'MY)_, Thc dalaof specific cask wall, it was necessaryto formulate an appropriate
concern for this :_udyaxethesolarradiation transientheat conductionmodel.Themodel accurawJy
meum,cments eu:dthetemperature. The characterizarlon representsthe geometryof interest, is one-dimensional
of insolationand tern_ together will allow the and zimeaccurate. A compile descriptionof the
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For regis: away frommaterialin_, wl_r¢ t,, x. _e,_ =

p andcp can be,wcmtcdasconstantsandwith no Figure 2: Plot of Numerical and Analytical(s)
genenttiontc_, thecxgession may be simplifiedusing Solutions of the Benchmark Problem
the Ommal diflusivity,a, It.I(0 Cp),and the definitionof
the LaPlacia_ in the radialcoordinate. EquationI due to the twenty-fourhourperiodiccycle imposed by the
becomes: boundaryconditions, When the maximumvariationin

82t 1 _t 1 at temperature,frommidnightto midnight,at every node is
_- + --- ffi---- 2 less thana specified convergencecriterion,a steadyr_r o_c

D_on (,f this equationyields: periodicsolution is mid m havebeen reached. When this
occurs, thecc_lepest processes the solution dam. If

tx,;-2q.-t___+1___x-t_+_= I ti-h+
Ar_ ri 2_r t _ Ax 3 steadyperiodicity has not yetbeen achieved, the codereturnstOincrementthe timestep againand calculate the

Thisexpre_o_ fan be wived by a tridiagonalmatrix variationfor the next whole day.
algorithm. Thetridiagonal matrix solution algorithmis
well documented,4 andcan be implemenmdsuccessively B. ValidationandBenchrnarking
formmsient solutions of Equation3 on the inx_or
domainof any layer. The computationalprocedurewas verifiedto ensure

As the computationalmodel is transientandone- thecorl_cln_ssOfits derivaLion,as well as its
dimensional, it is necessaryto define two boundary implementation. The benchmarkproblemconcernsa
conditions in sedition to an initialcondition. The initial semi-infmkeslab exposed m convection hcac transfer,the
conditionb athitta_ becausethe solution b periodic, thus ambient temperature,t_ varyingsinusoidally with a given
the simulation( onfinucs until all re_klualcHccu of the period, co. An analytical_prcssion for the w,mpcrature
initialcondifioe have died away. The hllm'iorboundary variationwithin theslab exists as a functionof timeand
conditionis a I_own constantheatflux, ql", which dis_nce into the slab. Given the ambientmmpexacure,t.
appearsdue to the spent nuclearfucl inside the cask. The and theconvection cc_:fficient,h, as well as the material
externalbound_ry condition is formulatedfrom the properties of the slab, k and _, the temperatureresponse
realisticbounding environmentaldata. The outersurface in the slabafter some finite Ume.A¢, may be calculated
of the spent fue:tshippingcask b exposed m a diurnally from ananalyticallyderived formulanrany timein the
varyingambient temperature,t. which causes c_v¢ctive periodic wansie_LThis benchmarkproblemwas chosen
heat u'ansferas well as thermal ractiarJon.Fun.hermore, because it is similar to the complex spent fuel container
_hesurfaceabgebs incidc,ntsolarradiationwhich along analysisandyet it hasa knownexact analytical solution.
with t. is directlyavaitable fromthe TMYdata.

In this simulation, the semi-infinite slab (a cylinder
Togetherd e equationsfor the interiornodes and with an infiniteradius)is exposed fora long period of

boundarynod_ constilute a complete set of governing time to a fluid whose temperature.I. is sinusoidaliy
equations.Wh_mthese equa_ns aresolved varyingwith time. The equationrepresenting this
simultaneouslyover time, they yield the _ient temperatureoscillation is defined as:
temperaturedis.zibutionthroughoutthe caskwall Once t.(_) = t + t, cos (a_) 4
thegoverningelumionshaw:beensolvedforatwenty- The amplitudeofthevariationisgivenasto,andits
four hOurtransi+mt,the entire temperatureprofile in the frequencyis _ The slabis initially at the mean
wall a_midniglttis compared to lhatprofile which temperatmeof the fluid, ?"throughout,so that the
occtm_ twenty-fourhoursearlier.Thisallowsthe uansienttemperatureapproachesa constantvalueof_"as
detemfinationof whether the transientsolutionhas x approachesinfinity, irrespectiveof time. The expected
become trulyp_,riodic.Periodicity will alwaysdevelop solution is a sinusoidally varyingtemperature,whose
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ampUmde_caTs wkbposition in the slab. Furdwxmore, Figure 4: Schematic Drawing of
thesinusoidalbehaviorat thesurfaceof the slab should Generic Truck Cask Wall
exhibit a phase_ behind theambientmmpeamum.

negativegradientin temperanu'enearthesurfaceof the
Gebhartpresentsthe analytical solutionto the slab. Furthermore,whenthe ambientu:mperamrehas

problem,,s one rcpresentadm of which is presentedin remmeclto 300 K at both 6 AM and 6 PM, the surface
Figure2. The _mperature solutionasa functionof dee, flux is nearzero (the slope of the temImmureat the
¢, x IX)eddon,and the frequencyof the ce¢iUation,m,Ls: am'faceisapproximatelyzero), due to the small

(2_') temperaturedifferencebetween the ambientfluid andthe
at, exp -x steel slab. Figure 2 also demonstratesthe level of

t(_ _) = T + .I 5 accuracyof thecomputationalalgorithm,asat most poinL_

( _'a bI thenun'ericalsimulad°ncann°tbedisdnguLshedfromthesac cot- x - analyticalsolution. For this benchmarkcase, the semi-
Where: infiniteslab is appmximacd by a slab five meters in

width,andthedampresented in Figure 2 demonstrates

_/!ic 1 graphically that significant temperaturevariationsdo nota = 2 + 2c + 1 6 propagatebeyondthis _stancc.
'

(C-_) Figme 3 shows the L_errornormof theentireb = _i:um 7 numericalsoludon in space andtime (over an entire24
hourcycle, and for the en_e slab). The L2norm of the

l_'_C erroris defined as:s L2=- Z., t.,(x,.,+)] 9
The behaviorof the analydcedandconcsponding "'" lJ"_t-i
numericalsoluVonsare shownin Figure2 for_vered The values X and T representthe total length andtime of
differentvalues:of rime, 3. ¢alcula_ fora discretizar.ton thecomputation,respectively (five meters andr,venty-
with dx - 0.0025 m andA¢= 100 sac. These calculations four hours),andthe subscripts/and n denote the

W_ _0_' l fora scmi-infinile slabof steel k = 60.5 arudyUcaland numericalsolutions, respectively. The 1,2
W/m/K, u = l.')7x10 "s,h mI0.0 W/_I2/K. The values normerroris calculatedas a functionof spaded
neededto specily ti_ imblent temperatm_, t, arc i- discretization for severaltime steps. Figure3
300.0K, :a" 1C.0K, andm= 2n x 24hours.Thephase demonstratestheconvergenceof thealgorithm,and
of thc ambientt_mpcmuh-eis spe,cif'_.,dsuch thatthepeak suggeststhatthe scheme wilJapproacha single solution
ambienttemper_ure occursat noon. (equalto theanalyticalone) throughsubsequent

refinementof spadal and temporaldiscredzation.
The pl,t in Figure2 exhibitsseveralfeaturesof Temlxualerroris seen to propagateinto the spatial

noun. It can be Observedthat,of the fourtimes shown, solution; this effect is manifestedin the formof a decrease
high levels of h,_t flux into andout of the surface(z -- 0) in the magnitudeof the slope of the errorcurve in Figure
occurat noon m_dmidnight,respectively. This is evident 3 whenthe spadeddiscrefizadonis morerefined than the
becausehigh heatflux into the slab will resultin alarge temporaldiscredzadon.
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HI. RESULTS Figure S: Truck Cask, Base Case
(_,_= 0.3,_ = 1.0)

Since cmaent spent fuel slnJFpingcaskdesigns areof
two generaltyp_ and sizes as dicmmdby thetwo major A seriesof studies were undertakento f'mdthe values
methodsofmL_qxmation,mad andrail,itwasdetermined ofemissivitywhichresultedinaworstcasescenariofor
d_ examinatio_mof botha genericTruckCaskcrc) and theTC. Thegoalofperfmminganalysesonpermutations
agenericRailCask(Re)wel,einorder.TheTC design ofsolarshieldandsurfaceemissivitiesistof'mdthecase
andresultsw_llbediscuuedimmediately,theRC will inwhichthemaximumportionofthecaskwallisexposed
followthereaf_r, totemperamrmexceeding theregulatorycalculation.It

becameevidentthatwhile all cases exhibit similar
A. TruckC'askAnalysis characteristics,the worstcase is thatillusummdin Figure

$, a TC with a blncksolar shield anda gray cask surface
TheTC wa!ldesignappca_inFigure4. Thecask (¢ - 0.3). Thiscasenotonly involvesthe largestportion

wallofthisde,e__ _nsim offivelaminations,du'eeof ofcaskabovetheregulatorytemlr.mture,butitalso
Stainless S_:x_l(5SI), andone each of DeplexedUranium involves the smallestmarginof compliancein the inu_rior
(DU) and Polyp:opylene Oq3LY). The stainlesssre.el regionof thc cask. where the maximumtemperatureis
servesprimarilyas su'ucmralsupport,while the somewhatless than20 Kbelow the regulatorycondition.
polypmpykne i::a neutronshield, and thedepleted The term "marginof compliance"refersto the
uraniumacts as | gammabarrier.Figure4, whilenotto temperaturediff_ence by whichthe regula_ry solution
scale,shows thedimensio_of the cask wallas exceedsthereafisdcsoludon at the interiorboundaryof
implementedin the_bsequentanalyses.An additional thecaskwall. Thus,Figure 5 iSidentifiedasthebasecase
cask component not shownin Figure4, which may or for the remainderof the TC analysis, since it rcprcscn_a
maynotbe pre_mt, is a solar shield, which also acts asa worst-casescenariofor theemissivity conditions.
pcrsonnelban'ie'. The thermalpropenieaofthe various

materialsarecettlrid_ theailalysiswhichfollows,sothey TheactualprofilesinFigure5werecalculate[by
are providedin "'able 1. Table 1also includesthermal monitoringthe temperaturesthroughoutthe problem
prop=desforthe:RC design.Additionally,the domainonthef'mal,convergeddayof thesimul_on, and
subsequent analy_es_ an asstuned convection without regardm timeof day, re,cordingthe minimum and
coefficient of h,, I0 W/m=/K. This value is fi'equcndy maximummmperamresforeach node in the solution. The
citedfornatm'alconvectionfromhorizontalplates.7-7 regulatoryconditionistrulysteady-state,sonosuch

boundingsolutionsarenecessary.Themaximum,
The emi_ivities of _ caskran'faceand the solar minimumandregulatoryvalues oftheambient

shieldan: not ]mownquantities, as emissivities typically wmperammandshield temperaturearealso displayed in
varycondderablywith materialtypeand surface r_cplot.however,linleattentionshouldbepaidtothe=.
charac_stics. !itis expected that the emissivitiesof the coordinatesof these datapoims, as their spatialpositions

surfaceand+shieldwill exist in the range0.3 to 1.0. arenot su-k:dyspecified.
Differences in emissivi_ may cause significantchang_
in the relativeireponance of the trw_'_entthermal TI_ genera]behaviordemonstratedin Figure5 is
behaviorof the cask. _ changes may resultin a typical of most solutions for theTC. The amplitude of the
lpeat= differenc: between the overall maximum diurnalthermal wave is fll_u'a_d by thebounding
tempemtareprofile and the regulam_ solution, minimumand maximumcurves. It canbe seen that the

amplitudeof the thermalwave decreases sharplyin the
regioncorrespondingto the POLY neutron shield. This is
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Figure 6: Trt_ck Cm_ Base Case, Diurnal Variation Drawingnot to Scale
for Ronlistie $imulatiem and Regulatory Conditions (*)

Figure 7: Schematic Drawing of
due to the wave,attenuatingeffect of malerL_ withsmall Generic Rail Cask Wall
thermalconducdviti_. The immediatelyobvious
inf_on den_o_ by Figu_ 5 is tha_ foraEleast
partof lhe day, _e lem_ in theouler regions of thc heatawayfromthe spem fuel. The gamma shield is Lead
caskwall exceeds du_ tempe which is predicted (Fo). The dimensions of d_evariouslaminations, as well
whenthe regulato_j conditionis @plied. However, in lhe as the caskradius,appearin Figme 7.
regiOnSinside die neumm shield, andfor mostof the
neulronshield ir._.Jf,the maximummmpemmm is Figure8, thewonx case ford_ RC, exhibits
boundedby theregelatotVcondition, remarkablydifferentcharacm_fic temperatureprofiles as

comparedto thoseof the TC. The ratherhigh thermal
Figure 6 sl_)ws thetemporalvariationof temperature conductivity of the CICuneutronshield l_ not only to a

over a full twenty:y-foothoursfor theambientcondition, decreasein the thermalwave auenuadon of thewall, butit
solar shield, cat_ surfaceand cask backfacein a also allows dieentire massof the cask waUto absorbthe
comparativeame:_lysisof the generictruckcask. It is enexgyas_iamd with the thermalwaves. The end restdt
in_,esdng to _,_ mFfg'mm6 th_ thepeak shield of these phenomenais thatthe entirecask wall lies below
tempe:elate occurs just after noon, solar time,while the thecalculatedregulatoryprofde. Also of note is the very
ambienttempe_ peakis at four in the afternoon. This small slope of the tcmpemlureprof'flesin each of the
indicates tha_in.:_ation dominamsthe _vironmen_ heat figures;this is a directresultof the high r_ermaJ
u'ansfcreffects, end thatthe high solarflux is strictly conductivity across theentir_wall.
respons_le for Ihe brief pod during which the shield
and casksurfaceexceed the regulatorysolution. Thecask Figure9 demonstratesexplicitly some of 'he key
surfaceis seen _ vary e_mndally inphase with the solar featuresof the RC wall design. The main featureof the
shield temper_:re; this is due to _ inabilityof the RC, itshigher thermalconductivitynculronshield, causes
surface to communkam thermalenergy freely to &e two majorchangesin the phase shift of the propagating
greatestportion of the thermalma_ of the cask, due to the thermalwaves. F_rst,the ability of the cask surface m
insulatingneu_m shield. The plot inFigure6 also communicate withthe entirecask wall thermal:aass
dernonsu'ams_,t the backfacenever exceeds the allows thepeak re.m_ra[_e of the surface co_cur about
regulatorysolutionin the base case. Furthermore,the three hoursa[te_rthe peak solar shield temperanm:.
peak hackface_mperatureoccursa_approximately Additionally, thebackfacetemperatureisnow more
midnight,which implies thatthe thermalwaves requirea closely in phasewith the surface tempcrature,with a
full twelvehoun_topmpagamdu,oughtheTC wall. phaselagof abouttwohours,becauseof thesmalldme

constantof thecomposim wall. Tne importanceof these
B. Rail Cask Analysis ; effects is in thefact that the entirecask wall absorbsand

diminishes theeffect of thediurnale'_nsient,so tha_the
Therailcaskco_iguradon is showninFigure7.The surfacemmperatur¢is now verymuch lowerthanthe

RC wallconsis_offourlaminations,twoofwhicharca regulatorymmpemmrc,atalltimes.
slightlydifferentalloyofstainlesssteelfromthatusedin
the TC, here,afro; r_ferredto as 5S2. The neutronshield Severalotheranalyses were performedin orderto
of theRC is composed of Concrete conlainingCopper examine the behaviorof the TCand RC having
f'ms(denotedsubsequentlyasC/Cu)toaidethetransferof inu'oduceddifferencesincaskgeometryandcomposition.

Theseanalysesarepresentedinthereport._ Ingeneral,it
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Figure 8: RaU Cask, Base Case Figure 9: Rail Cask, Base Case, Diurnal Variation for
(e.mr=0.3, _ = 1.0) Rmlistlc Shnulation and Regulatory Conditions (')

was foundthatthe heae cases arerepresentativeofthe evaJua_onof cask designs where exterml temperatures
behaviore,_counteredfor a wide vatieayof cask exceed regulatorylimits predictedusing a transient
configurations. It was demonst_ed thatthemaximum in--ration of 10CFR71. Particularlyof interestis the
tmnpemua'_ initheouter regions can exce_ the reanperatutorestrictioninvolving the accessible surface of
correspondingn;gulamrysolutions, butonly by a few the cask; Caremustbc tokento ensu_ that properMve/s
moredegrees_m theTC basecase,atworst, ofconservatismareusedinsuchcalculations,oritis

conceivable thatactualcasks that meet the accessible
IV. CONCLUS+[ONS surfacelimitation underthe regulatorynormalday

con_tions mayfail to meet the ._ameconditionunder
The simulations performedin the course of this circumstancesinvolving real days with extreme

/ysis have co--fly and tmiformlyshownthatthe |emperaturesandhigh Lnsolationh_vels.
imleriormaximum wall mmperamresof both the TC and
RC fall well below those predictedwhenthesteady-state Ftnally, it was determinedthatthekey factorin
implementationof theregulatmy model is used. Ithas calculatingthe caskresponse to ambientconditions is the
been shown thatmaximum te.mpcnuurcsnearthe surface mater/alcompositionof the neutron shield. Unlike typical
of some caskd_dgns, end at the sohr shie/d,occ_onally sumcturalmateKah(metals), andgamma shields (heavy
lie s_ghdy ahoy,:theregu]mm_prediction. These metals), neutronshields canbe made of q,,ite a large
temperatured_fe.nmcesaresmall andof shortduration. It va/ety of materials,havinga wide range of thermal
is also pointedoa that the "realistic"conditionsu_lized in properties. Investigationsusingtwo potentia3shidd
this studyare c__ve, as thetemporatumcondition choices, I_3LYand C/Cu, revealeda large variationin
andthe insolation conditionarctakenfromtwo t_fferent cask responsebetweenthe materials. Furthermore,it was
locations, each me worstcase out of all the avai_ble data. foundthatPOLY is the limidng case as it maycause
This means that ,whileeither condition may be exmmal transientu=mpemturesto exceed those cakulamd
encounmreAin pri_iple, both conditions haveneverbeen using fileregulatorynormaJcondition by the largest
observed m occur simultaneously. This comcrvativity marginobserved,although internal temperaturesremmn
enfon:es the calculatedsolutions as worst casulimitations, below thoscpreajictedfor the rcguh_ condition.
Since this diunml model is bounding, it is expec_d that
no _ situation: will develop in which maximumwall NOMENCLATUR_
temperatunm;exceed the regulatorycalcula_n.

u ThermalDiffusivity, m2/s
The iysel; havemade it clearthat diurnal cp Specific Heat.J/kg/K

tempc=u=evari_u_onswhich penetratethe cask wallhave _ PartialDifferential Operator,unity
maximasubstantmllyless th_ the corresponding A Difference Operator,unity
regulatorysoluti,mS. Therefore,it is likely thatvitalcask ¢ Emissivity, unity
stru_Jralcomponentslocatedinteriortotheneutron h ConvectionHeatTransferCoefficient, W/m2/K
sh/elding,and_; spentfuelitself,willnotexceedthe k ThermalConductivity,Wlm/K
temperaturescal_:ulatedeven whena trami_rd q'" VolumetricHeat Generation,Whn 3
interpretationof_10CFR71isused. However, this is not q" HeatFlux,W/m2
necessarilythec_tsewithregardtotheour_..rregionsofthe r RadialPosition,m
cask wall. Therefore,some caution must be u_ in the p Density. kg/m3
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t Teml_mmm.g
t.. AmbientTemlxcauu'e.g
t, Amplitudeof TempezatumCycle,K
tf AnalyUcal Te.a_pc_alam Solution, K
t. NumezicalT_e Solution,K
i MeanTemperature,X
T Total"_%me,s

Time.;;
tO Angulsi_"Frequency,rad/s
X TotalI:¢,gth,m
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