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INTODUCT[ON

is Desinp Aaysis Calclton' (DAC) has beem prepared in pport of the following prqect&.'

.1. P.paratiou of the K-25 Site Cylinder Stoa Yard Final Safety Airyis Repx (SAR).

2. Upgrade of the Gaous Diffusion Plant Safety Azaysi Reports (GDP SARS) for the Potsmoulh
k ' ud raduca DPa.

-3. Preparaton of the Depleted UP6 Programmatic Envircameal Impact Statebent '(P.S).

* e rimary purpose of this DAC is to docmnt the sicnlation of UF 6 cylinders ergnlfed ina 1475?.,
* 30-nin fire to determine (a) for smbrea d cylinder, the ime to pture, the amount of UP6 reletsed

: insiantaneously' at the time of rupture, and the time dependent rasc of UP6 after the ruptur -sd (b)
* .foran initially brachd cylinder, the time depedt release of UF6. 5tIse imulations of 144m thin-

-and thick-walled cylinders were made using 6FIRE and SUBLIME which have been documente
.Wiliams MW 6aJ a Anderson fJC496J. Mis DAC also addresses the time to fie o af U
cylinders and docmnts the oa - bel quantities of UF that can be cooained by 2o-, 10-, and 14-

to cylinders egud in fire wtout rupuring.

MODELING ASSUMPnONS .-

* . The simulations undertak in this DAC ae predicated cc tw acdent 'oenarm' which may be outlined
* . g afolw: . - .,.. . ........................... ... .- ....

(a) an accident rcsU in a fuel spill ... the fuel flows under a cylid mnd ignites .. if tbe
* fire is of sufficient duration, the cylinder mptures ftelsing UF6 aledy in tbi liquid or

*vapor Oae ... the fire may continue for a period of time after the ruptur ... during the
ainder of the fire and subomquent to the fire as the cylinder cools, additional UPx

Ca mriAtes
* . . . . . . * .

* .- ; .~ .(b) an accident results in a cylinder being breached and in a fuel spill ... the fuel flows skner
' .: the briaced cylind and ignites ...- durinS the fire and subrequent to the fire as the

cylinder cools, UF6 sublimates -

* e3 oiitlind scarioso my be appropriate as stated or may be subpats of lager acenis. For
* eimple, multiple cylinders may be involved, or perbaps both breached and mbreached cylinders ae

'; involved as the result of an aircraft accident. If multiple cylinders am involved, h p a
aplicatiOn of tbe ource tes presented in this DAC must be madc by the users throf.



DSC.EA-710660-A.*O

* pap 4 of 13

TIs DAC preseaC 6FI and SUBLIME r lts for the tw socuarios outlined above for 48a (thin.
walled) an 48Y (thicicwlled) f4Iom cylbaders l m im to failwm of odwe Mme of UP,$ cylinders is
ddrsed on th. bas of reults p =it haeAi and otherdocumented reults..

Cylinder ctuidicsused in the Ailyse described haula ar presented in Table 1 Iand a derived frozn
ORO-651. Rv.4[OR0/41 ezccpt for materis of csuctionand th characrstic for th 48T cylid
C bi for the alled48T cyindr were asmimed equal to tois tf aiick-wallcd 48X cylinder
cxcept forwalth . omation in Rov. S and 6 of ORO-6S1 [ORO/5, ORO/6J idica specific
Steels used for Constructing Wm f 1iideiv. Information ci cylinder procuremC history and
murials of cormtrucem o W apear in a paper by ;eh and Badow flZ.- Whs fmation
de trates specifcly for qome cylinders-and the iWm is drmn for other cylinders-a chane in

ma al of c tu c i fromm o m285 A-516 steel In tie lite 1970.. 30B and 48Y cylinders,
whia were procured after 1978 [K , am assuned to be constructed of A-516 ste; all other cylinders
liwd a"o ecor d £o be c of A-285. A-285 has i ow heat capcity and a Iowa
Ultimate stres n-16, o a clind o o d of A-285 stel should reultt in

aivo (iOe, lates of ti ti to faih Principal difes ng the 48-n. cylinders
are material of construca, wll thicme, and &v=O Ai ( length, "ichimpacts cylinderweight
and UP, capacity).

- therati d 6P dlor SUBLME ima nclude:

Cygmders ar asamd to cotai 28,000 lb of UP4
Cylindere fully mgfed in a reulatory fire t
Firo durtos w 30 uunt
PIrmetemperarure - 14 75T t
Ambient t100t - lOOP-F
Initial tepa of cylinder and US eqNals ambient tmpetu
Emiasivity of fe - 0.9 t in 6F5B, 1.0 in SUBLIME
EYiinty of cylinder' 0.8 t ( botlhp rSOa )
Faile tode: boop tius ceeds ultimate tress (see Welliaim It 6J for ultimate

- data)',
CyleIr remai em entiy intact aler mputure UF, solids rmin inside cylinders

ssuMV60on mared wizh a dagr (t) ar predicated on reglatoy finr coaditios gveing packaP
c rtification which waM a packaP is fully enguled in fimr that is a put of a p cbd sequmce of
ev oc IICFR i7; acu fir temp ay range from Somewhat less th= 1475F to several hundred
degrom higer, but actual fire-pge geometry may nt rcee afully cngulfed awzmptioa.

For te evaluaton of Mauim ibo the ultimat algorithms apearin in the TRS subrutine
of 6FYRE lWRW ) "AM ieo to deteMine t failure pi of the cylindea.. (Ue of theae
alsoritms ha validated by the wuk of LUk Wad Webb jLX9&a and M99bJ.) Mo evaluations
arm prdicaied on i regulatory fire tempeatu of 147SF leading to an sm cylider wall temperature
of 147'F. Ibo UFP vapor density cormsponding to the failure pressure and a temperature of 1475F Is
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Table 1.' Cylinder hadtistis

-. 'AihO~

Material of coostruion A-285 A-5 16 A-285 A4285 . A-US .A-516

l: dimeter, in. .29.1875 29 48 4 r 48 . 48

Cylider thckess, in. 0.406 0.5 0.3125 0.625 .0.325 0.625

C lezzzth, in. 324 32

UP46 vzrfae area, 126.3 12.93

Mini;mumn cylinder Volume, It' 25.65 26.0 108.9 -108.9 139.0 '142.7

, mucltiplid by the minimum volume of ach cylinder to dem the maimu munt of UF6 the cylinder
. can ontin without &lhe No valve leaaig u t.m*d.

.: ' ' - RESULTS - '

Results of O. 6FIRE and SUBLIME sixnuaics for the 14-ton cylinders identified in th proecding section
ru mmarizad in Table 2 and Fig. i. *Pndicted filure times for.initialy unbrncbed cylindsare 12.2

and 23.9 ml for48G id 48Y cyliddcer riv idy. ~Table 3tbulites some of thie dat ploted in Fig..1
and also provid& additional infobimaion to po inuc di o c lss. 'That nformation
ildes temperatre dt ti UP 6 being releasd at te time of initial rptur

* -as wellas the temperaurS of vp u uely slmed. The initial release of UF} hicludes al
vapor "ad liquid in the cylinder at the time of rupture; ahe liquid is amed to fla and mix with the
vapor forming a &'oLd-svior mixturc at the sublimatio temperatu of UFP (solids formed upon flashing
would be entrand in the plume). The equation used for calculating the vapor fraction is the fo..wing:

iX (U1 H S ,L + s V) I SHL + aH)1 Hs.r 1 HVO.s HSOJ

where"X meeas fractionWhere X. vapz~ss s ' ' '

ax maper' ead liquid
: ~~- iwa up r c t e apor- -'--
SOT.? m solid a bliman temperatu-
VOwr - Vapor at sublimation tempe-c-- -
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Table 2 Summary of GMRE and SUBLME Reafts

.M-'II ..
IiaUP 4 mass, lb I. 280. .8 I0 28000 12_000
.nvisf .nirenh & . , .24 I fO .. t.' . a-,

-- ---..WI - - 'I - � -- . . , I - - -- -

C o ca1 Solid 24163 21984
-U lb(%) ' - (86.3) (78.5)

: iid 3S23 4744
. ._ _ (12.6) (16.9) -

Vapo 314 17M _
. ._ (1.1) (4.6)

C'ylnder prsr at rup , 232.8 670.9

Lquid tempinau at _qpt~ro 260.0 2U4.9

Vapor temperatre at rptur, 6 7 611.5

Aveng sbl tawpe at 112' 1085
nie, P a

laid! re, lb (1 3837(. 6016 J ot I ot

I

SUBIWME aUI

Vain rwprotoc . '17.8, 6.1 '30 30
of fire, rmin

Vapor sublimated during, 2975 924 4240' -32-13
rwndroffb- --. -,

VAportemperature at aid 912 882 . 912 SW,
of fin;, F

VsPOr Ub ed after fire, 1192 2670 2192 2733
lb

Duralii of post-fire rlese 91.4 20-.7 91.4 206.1
min

m mI S -

t A cylindr will always cosmic somm UF 6 vpor, mm of which my to
relaed 'w= a cyli is rehed 'Ms qunity of m-aia, practially
speaking, wwld be iusiifcandailve to nimataintiea i o overall m
of a cylinde tht is brethd coind titf the initiutc of a firo.
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* M 48G, Mwmalx

Sw48G. lIhW Breah

. : .. 120 180 .. .240

2 . 1. C-m ulive :maf UF 6 .
* ,(&-waea) cy' udn a to a 1475,, 30-,in ,.r,.

Figu2ylpos'tha thendsity off,'lp sRim~tio of pressure for a'conistant peabw f 147SO'F

*mei fo: eiatn to .~io ilm heel E..t.dft. .of

.'e 'wlitc 'h Oz be -otge .; 2'A'. '.- 'ea *'to 1yiv enule in -. *, :

- euaoyfr . m prvie in T41eh;c 4.mns rinqunis of UF ,6 reangets ]t from 6.0d lb .3 .

to 408.4 lb (48Y cylinder).V 1 4inder nl to 3 14*

*w result prsnted in is a c an anssumed rcgulitory fi re tepemuze of p475N'
It be nod that c:r' 'of 2 000F have bui io ed PHCt. r

*will result in tiowver, algorithms yet to be completed in 6PhE may
*xtndtimes to fUi MM&I. ptset by li Irtcti e 1 a cylind val thatime to
failUre is a strong fimctoio of fire tmezr:increasing the fire temperatu to 200D0F would cut the
tme to fiaflw by xbout a factor of four. 7be uncertainties introduced by fire temperture (am inpur)
predominate over all cothUeranteeihrn modeling or resulting from input (wee IMWRWa for
additional discussio of modeling uncertainties). Williams also presents results demomsraing that some,
partially filled cylinders may v.tha moniuIly filed cyers (the 28,0004b loading assumed
in this DAC exceeds the typical nominal fill limii of 95% filled at 250ef. Note that the mocrtainiies in



Table . Addfltonal Wnfonatdon rovkded to &appot Atumospbac Dip Analjds
a. Tlrupture _ b. InI albeach

11.. .S.X1a6.w12f2V.5&JMR. .%f^

.25I gi 59571. 8371 6170
30 912 (6312 U 6940

3 £,62 7292 US 7543
40 429 7S05 573 7917

50 302 M7 447 t3t6

60 239 743 372 gm3

75 1U! 7935 - 301 5975

90 160 7979 255 i167

IOS I" 7999 - 224 9301

120 134 a0 201 9396

Iso 0 170 9516

1,mh!. nwmai Xmcom uomX- Il
-s -

0 133. 0 133.3 0

5 all 191 407 a2
1t0 s2 151 644 330

1S 909 1650 792 SS0

20 .'911. 2531 863 1558

25 912 3385 393 2365

30 912 4239 905 3213

35 562 4720 696 3544

40 429 4933 581 4229

50 302 51SS 451 4708

60 239 S270 374 5010
-75 18 36 302 5=-

90' 1 _ 5407 -5 499

LOS 144 __ 5426- 22S-5 5033

120 14 - 542 .201 MO3

ISO, ,-171 5S5o

t 121.4 t- 236.1

condke 133-.$ | 5432 13 1 546

ISO isft .1521 9m7

i -121.4 t- 3S.7
cond s L-- 133.3 004 133.81 9610 laDoE

Uk' a
T -tciperatuvs OF f cUmu, tive d inv of UPS rcka c4, d t - fine, Min X - vpor mms aon

0
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Table 4. Maxiuim UF, }l Q1tmitc Predicted on a 17007 Flat

h <4
a:M

M1 R_1 _ \SUStLR
Y___t __ C _OU) A-28S 130 2.34 25.65 60.0

2%-ton (309) A-516 '217.9 3.69 26.0 96.0

-walled 14On (480 A-US 72.9 1.24 - 139.0 171.7

in ad 0-too (491 ... A-28S -- 72.9 1.24 1 06.9 . 1345

Thick-waIled 10-to (48X) A-2S - 130.3 2.21 108.9 240.5

Thi-wiled 14-to (48Y) A-516 . 168.8 2.36 142.7 . 4084

t Munmu cyliner volumes bae o Table 9 of Uraniwn Haafl sidc, -Hdling Prohidws and
ComaiaerDaipdiogm ORO-651, Rev. S (DES7014088), September 1987, xczept for 48T cylinders
.Wv8i a assm d to have a volume equal o a 48X cylinder.
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fisn temperature also impact tho ediantion of maxmm hed quantities; higher temperatur deceas the
estimat of -reni -quantitiaes IMW9c.

*.eporqmdral to th flr of the 48Y cylinder aebsed on the last c f ite o
of the 6FE progr in the simulation undataken pursuant to ths current anaysi. pig. 3 demonstrates

th filur was;ibineat based oa th conversence of tho hoop sr and ultimae st crs s.C The final
iteratio for 6FIBB occurred at 1434 sec (23.9 min); exftpoato of onoadon foman rhism iunicAt
Mam would occu at 1454 c (24.2 min). Severa simuldons we also md that differed from the
apcd& Cm of in t oly in th firs teaqaure S iEd inpt exhtrolat of dte ucceasfl rmu
pqocts a failuro timo of 1442 mom (24.0 mI). Succesfid completion of th 6P simulation at 1475F
would result in r- e UP$ being rseasd at to dme of faiure bowever this incre_ would be for the
ist part, offset by a docrease in the amout of U 4 rleasd by sublimtcm subsequent to cylindw

Atft davatedtompeaturas and p _resu os ringwithin a cylnd eoglfed in fe, cylnde nvalves may
leak or fail prior to tie ruptuw of te cylieder resulting in the releaos of som e UP h failures we
noted by Malett AIM. lliott P provides information tht va leak rates of a few tandard cubic
fed per mi of nitrose (SCFMJ, or mr might be expected Wier fire conditious (which may
*tansta to about a poundper of UPN pe SCE baed co a very oz y evaluaton). Figre
2 of Elliot's paper inicke leaksg cicieeds I SCFbfM as the pmsuss approaches 100 iSg (given a
constant temperate of about 1450?F); Tabe 2 indicates leap ex 05 SCFMM as the vave

eraturo exceedc te range of 800 to 10 F (given a constant pressr of about 250pdi). Laap
houldnt be expected to pclude iur; also, the amouta of matral caw pior to rupturi is tot

expectd to he significant relative to e oveali release of material befots, drng, and aer the filur of
a cylinder.

It was assued ta the fire lst 30 min; th firn th aoped and the cylinder cooled by convaction and
radiation to t CnVionmenL If th fir lads longer th 30 mm, then, m UPs would be sblimated
On, the odter hod. if the fie is extinguishd at sa earlier time (a opposed to the tacit aamvt of
simply burning out at 30 min), thin to process of extingu ing dh fie m y also quench the cylindIt
whichwoud decreaeo theamo tU P4 blMazedhoweverthe fma drleaof1Wbywae

d into a brached cylinder would tien need to be evaluated.

Mh emuissivit of the fir bai been asmed to bi 0.9 6PIRB, Ts is i iesio vAlui, which has
bee adopt for mpaluating he effect of fir on psckfgngr (OC Mf7f, and it is cosistut with a fire that
ha. been tacitly asxumed to me a srfc approximai t footrint of the cylie. 'It is noted that fire
euis*ivity approaches I as do flam thic extends hom 3 to 6 ft or or uc. Mme emissivity of
th fire (or eavironment) is 1 ii SUBLME; thin aeis conservative d the fire and apprort for
the postfir anlysis when th cylinde radiates to the environment. An emisivity of 0.8 appears to he a
r*asabl estima of ylinader ensvt. Higer aivities would icre t rae of eat tianfer d
decreas the time to ru r.
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*g. 3. Stres relsfor the 4 Y6FIRE siman at l475' F xtrapolated
'to falul. Failure timem from completed 6RE nms at higa temperatures are also
exttpobtled to fillur

The cufedt evaluations consider cylinds fully engulfed in a ngubdoir fi. If a cylinder is not fully
e-gulfed (eg.; te cylinder exkens only partyino pool oritis parisly shidedfomdiecdiaion
by oshs cjylinders) then the time to failure should incrcae However, considsudon of non-tygulstoy
cylind-fir geometies would also nesitae tho uw of actual fir temeraltes.

.7histu4dy ) only considered klike-W tylinders. Dezaion due tocorosion or otier damage may
r,.uccesdia timeto fi-lur'.

i.

.This study bas dermin bed odimtes of dim to fillr for 144om cylinde Pased an ihis and other
studies a expain IBWWf WW>96bJ, te tim to failure of hin-wald 10- and 14-ton cylinders
exposod t regulatoy fire is less a 25 rmin; tick-walled 10-4nd -ton cylindes as wel as 2himoo
eyli- wi fi be 1S sd 30 umiC *-

REFERE RCESS. ., ..

IIOCFR 71) 10 CFR Part 71.73, Packqin and Trnrponaxon of RadoaaiwM.Mraia ... afypaicrl
aeddrw corditkhm.
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