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INTRODUCTION |
'nna 'Demgn Amlysxs Odculmon (DAC) has bempmpared in support of the fo]lowmgprq;eus.
1 chparauan oftheK-zs SxteCyhnderStomgeYudFmal Safﬂy AndymRepon(SAR)

! 2. Upgndc of the Gaseous Dxﬁusxan Phnt Safety Amlyus Reports (GDP SAR!) fnr thc Pcrtxmouﬁz -
. and Paduuh GDPs. -

Pxepmhcmofthebepldndm" mmmsnmmmwmmm

'-.Thep:mrypuxpomofthuDACulodoamuhennnﬂahonofUF‘cyhndaBengulfedmt 1475'1’,

. ”Mﬁamddmm(:)formmbmchedcybndmtheumewmpm,&:eamumtofUF,thased

. -"instantaneously” uthenmeofmpuuc,tndthenmcdcpmdcntrduscofvﬁaﬁu&cmpmmm)'
. for an initially breached cylinder, the time dependent release of UF,. Thwesxmulmonsofl‘i-tonthm-
 -and thick-valled cylinders were made using SFIRE and SUBLIME which have béen dociimentid by
.Willisms fWRWP6a] and Anderson [JCA9S]. ThiSDACllwlddmlhenme!Dﬁnmofmnﬂ’UF"
} cylmdmunddoamtsthemmmnmhedqumhhesoflﬁ.lhﬂmbemhmedbyﬂé- 10-.:1!“4-_

-'loncyhnda:cagulfedmﬁrewthmﬂmpmng .

MODELING ASSUMPI'IONS

: .mnwmmmmmMDACmpMmmmdw sienarios® ubdmnybcamlmed -

(l) anmdmtmdtsmaﬁxdspm..thcfudﬂmnnderncyhndenndagmtes...if&c{
o ﬁmuofmfﬁcmtdmzuou.thecyhndampmrdmngUF.drudymthehqmdor .
. " vapor state ... the fire may contigue for & period of time afier the rupture ... during the
- * remdinder of the fire and subsequent to the fire as the cylinder coals, additional UF, .

"¢ (b) anaccident results in a cylinder being breached and in a fuel spill ... the fuel flows under

! thebtuchedcyhndcrmdngmm dumg:heﬁnmdsubscqumtolheﬁmuthe;:
--cyhndetcook,UF‘wbhmts e e , '

" The outlined *scenarios® mybetppropnn:smwdmmybembpamofhxgam For
T example, ‘multiple cylinders may be involved, orp«hmbo:hbsuzhedmdunb«ud:edcyhndmm
* involved as'the result of an sircafl mccident. - -1f multiple cylinders are involved, tbmsppmpnm
‘f‘“;pphuhwofthgmmmtqdm:huDACmus;tbemdcbyv_them,dmeof e
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This DAC prezents 6FIRE and SUBLIME results for the two scenarios outlined sbove for 48G (thin-
mlled)md48\’(thmk-waﬂed)l4~toncylmdm. 'lhohmetofulumofoﬁ:ertypesofUF‘cylmdmu
_ d&wdm&chasofmﬂhmbdhmmdo&adowmﬂodmﬂu.

Cylinder characteristics used in the analysss described herein gré proseated in Tabls 1 and are derived from
ORO-651, M4[0R0/4]aeept£otmatmxbofconmmonmddwchmmm for the 48T cylinder,
Wammmmmmqummmmmwmucm
excopt for wall thickness, Infnmnnonmsz 5 and 6 of ORO-651 JORO/5; ORO/6] indicates specific
'mhmedfotemmwmgmofhcyhndm ‘Information oa cylinder procurément history and
mummd»qumambymmmmj This information
dmmmwﬁuﬂybrmcyhndm—md&mfumhdmfwoﬂweylmdm—aebmpm
the material of construction used from A-285 to A-516 steel in the Lits 19705, 30B znd 48Y cylinders,
wbd:mpmmadaﬁulmm masmdmboeonsuudedofA-Slsmcl all other cylinders
-‘hmdabwomemdaadmbeemmudedof&w A-285hxtlowhatapautylndclaw
‘\nlhmnam&zmbsm.lotmngcyhndmmconstnmedoszasmdshmldmku
‘eonaavanvc(x.e..lawa)mdmohmm&m szpaldsffammgtbus-in cylinders
mmﬂdmmn&xchm.mdmnwﬁ&.mwwxmpmcyhmw
ead UF capacity). o

. mmmmmmmwmmmm@m

Cylinders are assumod to contain 28,000 Ib of UF,
Cyﬁndu:mﬁﬂymﬂfdmnnguhmﬁm'

Firo duration w 30 min t -

Fire temperature = 1475'1”
. Ambiest temperature = 100°F . Con
Immwmpa:mofcyhnd«tndU&eqnlnmhxmtmm

Emissivity of fire = 0.9 * in 6FIRE, 1.0 in SUBLIME
'Emiaivxtyofcylmdct-o.s'(mbothpmm) :

Failure mode: MWMMW(&WMWMM]&:&M

" stress data) .

Cybnda:mmmmﬂymmuﬁermpuwe;UF.mhdsmdnmdecyhndm

Ammm&d%n&m(')mp@u&mmﬂhmﬁnmmmm
mﬁwmwhchmmolp&hgouﬁdlyengxdfedmsﬁmthnulpaﬁoflpm'bedwquuweof
ovents [I0CFR71}; actual ﬁmhﬁpﬁﬂe&myxﬁgcﬁommhﬂlen&mlﬂﬁ?lommmd
mm:m,mmﬁmwhgamymymma&ﬂymgul&dmﬁm.

Pa&wmofmmm&eunmmdmmmwgmmmsm
ofﬁFIRB[WRW%a]mapphedtnddemmthsftdmpmoﬂbacﬁmdm. (Uss of these
dxomhmhubeenv:hdmdbytbemkofD&deebb[KHL%awmn These evaluations
mpndxwedonungumaryﬁnwmp«zmnoflﬂS'Fludmgtommmedcyhndawanlempem
of 1475°F. The UF vapor density corresponding to ths failure pressure and & temperature of 1475°F is
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’ Tahlel. CyhnderChamctmstns o

o multxphedbyd:emmmnmvolumeofud; cylmdatoddmnethcmanmumumomtofUF‘thccyhnd«

. RESULTS ‘
Resuluofd:wFIREndSUBLmiBMMforthcl44mcyhndmx&muﬁedmthepxeee&ngnectwn
are summarized in Table 2 and Fig, 1. ‘Predicted faﬂumhmuforiniﬁaﬂyunbxn:hedcyhndmm 122
md23.9mnfor486md481’cyhnders,mpecuvdy. Table 3 lnbuhwswxnoofthedxhplouedmf"'g 1
and also providss additionsl mfomahonto:npponumaphmc dispersion analyses, "That information

'mdwamemmmmmmmmofmm‘umgnlmeanmemofmmmm ,
nwcﬂutheumpummofthenpoembseqmuymbhnnd. The initial yefease of UFy includes alf
v:pormdhqmdmthecyhnderuthenmcofmpmre thehquxdummedtoﬂuhandmixwuhthe
vapor forming & sohd-vnpor mixture at the subhmuon temperature of UF; (solids formedupon flashing
vmﬂdbemtrﬁnzdmthcplumc) The equauonusedfor cdculatmg the vapor fnctwnnthefollmng

f

x “(mm.nan.*mmnsm)’(mxm*’mm)l }Isor.}/Iva.mel
whae x ‘;_'=vapormfxum

m e mass

-H = enthalpy .
. mc‘smpabmedhqmd )
S osgy L=

supesbeated vapor
3oTe | -sohdnmbhmhontempaam _
ven = Vvaporat sublimtion tempcmun - "
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Table 2. Summary of 6FIRE and SUBLIME Resuits

Tizde of rupture, min "~ -

ruptare, b (%) - .

T’maﬁmmpauetond
of firo, min, .. . . , ! ‘
Vipormublimated during * | "1 2975 | 924 . 4240 | 3213
remainder of fire, I~ - - B RS . B a
thorwumd L2 882 | .| 912 | so5
of fire, F .’ I B ' o j
w #

Vapor sublimated after fire, | | 192 .| 2670 .| | ‘192 | 2733
lb - Coe e . . 8

Dnmtxon of pos!-ﬁn tdnn, 91.4 |- 205.7 91.4 206.1

'Aqﬁndcwmdmyxmuhmw.vapw.mofwhichmybo
released when a cylinder is breached. This quantity of matesial, practically
speaking, would bo insignificant relative to uncertainties in ths overall modeling
of a cylinder that is breached coincideat with the initistion of & fire.
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- szmzp!otsﬂ:edmtyofUF‘v:porastﬁmcﬁoaofpmfwaconsﬁnttcmpuuhmof“ﬁ'l"
-. HCA.. Mmummumdmm,medendtyummnyaqumedmmyw.
.usunnng1da!gasbchxvmr;:deddw:xheswmusedformmnngthemmmheel Estimates -of
) ;mmmbeelqmnuueslhucnnbeconwnedmz'é- 10-, andIMcyhndmeugulfadma 1475'!’-
x‘eg\nnoryﬁremprovxdedm'hble4 Mmmum quannhes of UF4 nnge fmmGOOIb (SOA cylmdu)
. to40841b(48chhnda) AR PR .

. DISCUSSION OFRFSUL'I’S S
_ThorwulumwdmmstACmpredmwdcna.nassumedreguh:myﬁretzmhueof“”'?.
It:bouldbenotedthnﬁretcmp«muumexeessofzooo'thvebewdocumted[JHMJ ng!m
hmpmmwmmﬂtm:hmuwmﬁdm.hmvever.dgonthmyettobecompluedmsf-’msmy
-cxtmdumestoﬁﬂmm’RWGa] RsxﬂtspmtadbyWiﬂnm[‘WRM]demmmnhnumew .
'ﬁﬂmhamgﬁmhonofﬁmt:mpe:m mmngtheﬁreumpcntmtozooo‘l’wmﬂdmuhe
umctafnﬂmbyxbou!afmoroffw The uncertainties introduced by fire temperature (2a input)
) pru!ommhovcrmothcrunomamus.mthermmodelmgornaﬂungfmmmpm(mﬂmmmfor'_'
" additional discussion of modeling uncertainties). Williams also preseats results demopstrating that some’
partially filled cylinders may survive longer than nominally filled eylinders (the 28,000-1b Joading assumed
mtbuDACueecdslhetypmlnommdﬁllhmloMS%ﬁlledn250'F) Nozetbuthemwmnbes!n



15
20
25
30
TR . 3s: 562 4720 g 3844
' 40 429 4933 . 581 4229
50| sm 5155 451 4708
) 239 5270 374 5010
78 188 5363 a0 5305 -
90 160 5407 256 5499
105: 44 8426 25 | 5633
120° 134 | -sa2 201 5730
10 |RRRRRERE 1 | st
100 fiEle Bl il T im | seis
*Final® t=1204" t=2357 *Final® te 1214 t = 2361
condirions (1 " 133.8 8004 1338 9si0 condlidons | 1338 ] . s432 1338 5946
T = tempenature, °F My, = cummulative mass of UP, released, b t = time, min X = vapor mass fraction

g1 Jo 8 o3ed

q
BP0

L
0I0V-03HTL-VI-DVA




DENSITY, g3’ ~ .0 o
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" 0 Fig.2. Density of UF, vapor vs. pressure at MI5°F. | _

- .

‘Thick-walled 14100 (48Y) | - AS16..-.| 1688 |. 28 |. 1427 | 4084

¥ Minimum cylinder valumes based oa Table 9 of Uranium Hexafluoride: -Handling Procedires and
Container Descriptions, ORO-651, Rev. 5§ (DES7014088), September 1987, except for 48T cylinders -
which are assumed 0 have & minimum volume equal 10 & 48X cylinder, ) '
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mWﬂ»wmm@ofwwmﬁﬁqmmummm
estimates of maximum quantities [WRWD6c). .

Reported results correeponding to the failure of the 48Y cylinder are based on the last successful iteration
of the 6FIRE program in the simmlation undertaken pursuant ¢o this current anslysis. Fig. 3 demoastrates
that failure was imminent based on the convergencs of the hoop stress and ultimate stress curves. Tho final
iteration for 6FIRB occurred at 1434 sec (23.9 min); extrapolation of information from this nn indicates
failure would occur at 1454 sec (24.2 min). Soveral sinmlations wers also made that differed from ths
wﬁcauofmtu&mlymﬁnﬁmtunpmbmwpphedumwgaﬁqolﬂmof&mwwmﬁdm
projects a failure timos of 1442 sec (24.0 min). Mﬂml&moﬂhoﬁl’lkﬁnmkt&mﬂlﬂi'l’
wereuﬂtmmU&bangn!andd&»hmofﬁﬂm.bowcm,&mwwﬂdhe,f«tbo
thost part, offsct by & docreass in the amount of UFg released by sublimation subsequent to cylinder
rupture. '

At the clovated temperatures and pregzures occurring within s cylinder eagulfed in firs, cylinder valves may
leak or fail prior to the rupturs of the cylinder resulting in the releass of some UF; such failures were
noted by Mallett [AJM]. Elliott [PGE] provides information that valve leak rates of & few standard cubic
Mpammofmmmm)wmmmuapmdmdeﬁmmdmm(wb&m
mmbm-mdwmofw‘msm&mhxdmamymmm) Figure
2 of Elliott’s paper indicates leaksgo exceeds 1 SCFMy,; as ths pressure approsches 100 paig (given a
mmmof:bwﬂ&'?),ﬁbuzhmmhhpmummumm
tanpmmmuccedsthemgeofsoowlOOO?(pmaconsmtpmofMﬁOpmg) Leakage
shonld not be expected to preclude failure; also, ths amount of material released prior to rupture is not
expected to be significant selativo to the overall release of material befors, during, and afier the failure of
a cylinder. ’

It was assumed that the fire lasted 30 min; the fire then stopped and tha cylinder cooled by coavection and
radiation ta the environment. Uhﬁmhﬂhﬂg«&mmm&mmvﬂwﬂdbm
m&o&ahmd.ﬁ&o&ahm&dumamm(umondw&emmof
mmmumm).m&mofamwmmydnwum
whwhwmlddmnthnmmon}?‘mbhmmd,hm the formation and relesss of HE by water
muoducedmabtuchedcyhndawaddmmuedtobeevalmhd. : .

mummmyoflhaﬁnhnbeeaammedtobeo9m6m nuunmnblevdua.whxchhs
bemndoptadforwdudmzlheeffochofﬁmonpuhzingﬂ“ﬂ!ﬂ],mditueounstmtvnth;ﬁmthn
hnbeenhady:mmdhhvnwﬁcemimﬂinzthafootpmﬂoflhocylmd« Itunotadumﬁxe
emizsivity approaches 1 ss the flame thickness extends from 3 to 6 f or more [Buck]. Thecunmvxtyof
thnﬁm(oremmmmeut)ulanUBuME.lhuvalmueonmmvcdumgthsﬁndefor
mmmmmmmmwm@m An emissivity of 0.8 appears ta be a
mmsblo&mbofcyﬁnd«mmvny mghammwuuwou!dmmtbomeofhwuwerm )
deamthcumotompmrc.
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- Fig. 3, Stxmm:ltsforthemﬂﬂminmmhanatlﬂ?l‘uh'apohted
tnfailure. FnﬂmhmesﬁomwmpldedGFlREnmﬂhghawmpaummmdw
utnpohzadtofulun. .

S e wa B
. % RS oL

mmcvdmnonseomd«cylmdmﬁxweugu!fedmaugumoryﬁm Iflcyhndetisnotﬁxlly
engulfed(e.g.thecyhnderextmdsonlypanullyinzonpoolontupmnllymeldedfrmdmandnuan _
- by other cylinders) then the time to failure should incresse. ' However, consideration of nou—tegulztory

cyhndauﬁmgwwnuwon!dnhonmxmthcmofumalﬁmtwpamu

"‘.Thssmdyhson]y eonsxdered 'liko-new' cyhndm Degmhnon duetocmmonorotherdamxe xnny
nduccmedumeatofnﬂm ST e .
-."’mmymdwwmwzuofummmmm 14-ton cylinders. Buadonﬂnundotbu'
studies and experiments [WRWS6a; MW%b],lh&mtofaﬂmofthm-w:ﬂed!O—mdl%cyhndm
) apoeadwangtﬂnmyﬁnulmlhmﬁm,thmk-wmwlo-andlmcylmdmaswdlszﬁ-wa
~ eylingers will fall between 15 s0d 30 min. * v - S AL -

{10CFR7]] 10 CFR Pm 71.73, Pad:agmg and Transporiation of Radwaame Mam-ial H)poxkalm!
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