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.IN'RODUCLON

This Design Anaysis Calmlioo' (DAC) Is been prepare in spport of the following prqectso

1. Preparation of the R-25 Site Cylinder Storage Yard Pins Safety Anaysis Report (SAR).

2. Upgrade of the Gasoows Diffusion Plant Safety Aalysis Report (GDP SARs) for the Portsmouh
and Paducah ODPL

3. Preparation of the Depleted Po i E Imact S n S).

The pupose of ibis DAC is to documen th simation of UF, cylinder engulfed in fire to determine the
tim to rupture. the amount'of U, 6 released -itaneouA at the time of nrptu, and the time
dependent relea of UF, aftar the rupturc. Ths simlons were wide" g 6IE azd SUEDIE'

iich havebeen docentedby di l fW l6]and Andep C . Sima oshn vebee l;m-ie
to 2'A-to cylindes and large. Smiler cylinders am aumed to fil with the coplet ecase of thir
contents am the basi of tests conducted at the Oak Ridge Gaseous Diffusono Plant in 1966 AJMJ, tse
tests inolved3'A-. , ndg-incylinder

MODEING ASSUMP17ONS.-

Tem following cylinden were identified for airalation baied on the information provided in Table 1:

Thi-alled 14-ton cylinders (aumed t'o be 48)
Th'inalled 10-ton cylinders (msmed to be 4S2)
21A-tooacylinders (&smed to be 30A)
21A-toncylinders (asumed t be 30)-
Thick-waed 14-t cylinde (msmumed to be 481)-
Tbick-walled 104tn cylinder (suned to be 48X)

Cylinder characteritics used ian lyses are defined in Table 2 and arm derived from OR-0651, Rev.4
fORO/4J cscept for materials of consruction and tht cbaracteritcs for tgm 48T cylinder. Oarach e cs
for 1he thin-walled 48T cylinderwere as equal to dtSeof a thick-walled 48X cyli'nderexoept for wal
ticknen and cylinder weipbL Information in Rev. 5 and 6 of OR0651 (OROIS: OR0161 indicates
specific steaes used for constructing of tho cylinder Iinfoxutio an cylinder procurement hisory
and material of cocstruton also appear in a par by Zichlke and Bslw IZ. This infonratioZ
demotates specifically for me cylinders-and the ieference is dra for other cylindes-a chag uin
the material of construction used from A-28S to A-516 std in the lto 1970. SOB-and 48Y cylinders.
which were procured after 1978 KZJ, ar assumed to be const of A.516 dodl;ad oher cylinders
lited above ae coasidered to be constuctd of A-25S. A-28S bas a low het cpacty sad a lower

timate ste than A-516, so auming cylinder an coastrucd of A-2S steel should resIt in
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Table 1 Sw nary of Cylinders In X-2S Cylinder Yards
(al numbers ao based on infobmtio provided by C. IL. Hedrick)

Pull 14-o th-walled > 6400 3220 40 - 3260

Parially 14-on -walled 12S - 6400 5 10 - iS

Partly fid 14-to thin-walod 0 5-125- . _ S

Hel quantity 14-ton thin-walled <SO is is

I _ _

-w I

Foll -ton thin-walled > 4800 1450 S - 1455

Parllyfiial lO-t in Walled S0t-25 St S

HRe qatr IO-ton din-wallcd < So -.S 1

6o a. "IW *4
Pull 1O-to tbick-alled ; >4800 S 10 . Io

ee quantity 10-ton i0ck-waled < s -_ 55 . US

Had qAcntityl4-oWikwd <SO - 6S 6 '
- - .k - -e ',A " . . _

m -W-
Ful 2'A-ton > 300 O 25 1 _ 26

Partially ful 2t  ou 75 -300 5 S

Pauialyful2%-on 25-7S - - S _

Heel quantity2A-ton < 2S S, - 250 25S
-. . . in m. . _=

.; _ _f_ :- ' *' _. _<-.v#f>. /t s:.5gbfi _<.o LI. . -:9 .*,

.>-,Cy] .§b a'b;1 Z 11 I i>

Enriched and depleted cylinder combined.
* Moay 30A cylinden; totals include about ten30 cylinders.

cservative estimsates of the tim to filure. Principal differecs amoog the 48-in. cylinders asr terial
of constnction, wall thic mand overall size C~e.. leng. Wtic imjim cylinder weih and Up'
capacity).

Other aswimptions u1tilized for these simullations includc:

Cylinden ae asimed to be nomlly full Q.o, the ma of UP 4 would fill 9S5% of the volume
.of the cylinder at 2S50'

Cylinders ar fully engulfed in fire
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Table 2. Cylinder Charadisics Utilized in 6FIRE or SUBIZIE

Cylinder OCia1&u UM hze4In MFRE

In=,diameter, n 29.1875 29 48 48 CS 48

Cylinder thickness, i. 0.406 : 0.5 0.3125 0.3 25 0.625 0.625

Cylinda lengtha in. 66.24 . 8.02 132.74 103.99 103.99 136.27

C. l idergwe ig, lb 1400 1400 2600 2250 4500: .5200

M.terial of costrueton' A-2 S A-5i6 A-28S A-2SI A-2S A-S16
. __ . . . , . = ....

, . Cffl=UizW UtIlUEed Ln SUBLIME

Cylinder shesface area, fW ' 51.47 52.21 I164.1 134.01 134.0 167.8

U 31ce , f3 6 -190 126.3 I 101.7 10i.7 31293
¢ ~-.

Fiue duation 15 (sc ment 1)
; Fire temperatur 1700"F (se A2t)w en-t 2)-

-ient temper r - 100-P
; it te atur of cylinde and U 6 equals ambient tiomprature

- Emissit of fire -0.9 in 6FIRE. 1.0 in SUBLIME
EmVity of cyliider - 0.8 (tn both progam=)
Failure mode: hoop stre exceeds ultimate stress (wee Walls lMW96J for ultimata stre d)

* -~~~~~~ RE3SULTS ' ''; ', ' ' '

Fjmsls of the si=ulations for th x cl C3riidetyipes idetif n t r g sectioa am xummzrized in
'Tabl 3 iad Figs. 1 through 3. Based on Ihe resats from 6FMl:E, only 48Y cylinders would suive a
21iliute, L7001F fire accidt; failre times (or th other cylinders ranged fiom approzimately 6A
=kutes(48G cylinder) to lS. uta (48X ylider). Tmc3 andFig. 3zflectdaafora4i8Ycy.nder
fcaiie at 16.6 minutes in '1700.F firc Figu 1 though 3 show the cu latve mrso of UF6'releaaed
pedicted by 6FIRE and SUBLUM fm 2 112-ton, 10-ton, anid 14-too iylinders, mp vely Table 4
tablts aom of dat, Plod i these -ig-:m.'

T e 4 also povidesformadion to support almospberc dispenon analye. That
te tmpae nd thevapor asractio of the U being read at the time of ntil ru e as welU

the tmperature of the nvpr subsequenly uble. T initial release of UFG iendes nl vapo and
liquid in the cylinder at tho time of rupture: the liquid is a= e to lash and niix with the vapor foring
a soid-vor mixtu at the sublimation temperature of Ul: (sold formed upon flasing would be
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Table 3. S m'of 6-iRn and SUB LI ResmIE pt
I-

IW' Zv 'O 120
...... :

. .. .. .. .. .... . ._

_tal UP4 man, lb 4951.1 l 5019.0 26833.5 21021.7 21021.7 27546.9'

Trm ofpo, mim 1 3.3 6.42 6.67 15.00- 16.Gt

Compositio Ai Solid 3796.9 3733.9 24409.S 19054.0 1685.4 21693.0
ruptue tb () (t76.7) (74.4) (91.0) (90.6) (01 (78.7)

LIqud 1100.4 1173.4 2193.0 1790.4 3986.6 S481.5
, , (222) (23.4) (- .2) (85 ' (19.0) (19.9)

Vapor 53.9' 111.8 ' '231.1 177.3 189.7 372.6
' (1.1) (2.2) (0.8)' (0.9) (0.9)- (1.4)

Cylinde presr atiupftire, 264.3 446.1 165.0 164.9 230.1 305.5

LITi temperature at 309.6 31L9 199.6 206.5 303.6 313.7
rupture. OF

Vapor =mperaue at ruptue, 819.1 680.6 ,763.3 780.9 922.7 785.8

Aveage *hell temperaur at 1275 1270 234 1232 ' 1268 1290
r u ptu re, 'F ,___ __,_,_;

nitial relea,6 lb 1154.3 1285.2 2424.1 1967.7 '4176.3 S8541
- = = Prnm

| u . _- .- ......_

ouz fitom nq ODtoend of 3.48 1.97 LSS 8.33 ns uAr
fir. min

Vapor siblimad during 228.8 125.0 1949.S 1521LI s
reniaider of fimr lb

Vapor taepertumat'cad of 1026.6 999.4 10S0.4 1OSS.3 us us
fire, pF , , ,,,

Vapor rublmei d'afier fir 706.5 799.0 1350.8 1160.4 2158.6 2909.1
lb. h-~ ~ -- - --(: >.-.

Durtion' of post-firl 1583 179.9 92.2 92.0 195.0 206.9

Total UF6 releaed, 16 2089.6 .2209.2 5724.4 , .4649.2 -6334.9. 876342
/s , . i :.(4 22 ) ' (4 .0) ,(42 3) :2 ) ". (30.1) S:1Xi).

t he fim duration generally aso dfor sis purposes IS m1 . BacaRiae the 48Y
cylinder did not fail within this time fime, the fir was extended to the tme of failwe '
to provide inforwatioo co potential aource ters for subsequen analyses.
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-2400 .Z,

ls Time - ..

* Flg. 1. Cwulauive znau of. UFs rdelesed fram 2V-ton 30A and 30B
cylndw atposed to s-1170, 1$- fu t.

aiUae in. p lum). -. m equaion ed for clulti te vapor .c.ion is t.e Io....

X-([(H JIM+ ML-W%)I(WZM+ v)S I- HOT.)J[I I 1in Hsc.T.I

VA=er X -vapor nu fraction

1 -- u ---......-

oH. s e: . r-2uid

aitv~~: .ueiae ao .

V vap1or Cut tw l mcs zrded

DISCUSSON OF RESUJAS

e reslt presed Lu tis DAC am pdad an an mmod fim tempelum of 1700F,. It od be
oed a fire wipmatiun eiceu of 2000F have be=n docakumted f[JHCZJ; acr tepmetur

% rmIn ahouier 6im'eg to failre hoa", algoothm yet to be complte in GFIRE may oxtend tI=

to aiure IV&fIJ.: Rw~ts presentd by Wit=am [MWWtP6 demostrat that Lizi to fmaiurIs a srUM
fwictie of ftir emenue:icrsizug the fire kpeaturs to 2000F woul cut the tiae to faiure by

bothalf wbuIe decreasg the tempeahur to 1475P ~iwol gpprimatey doubl tho time to failu2re



I

DAC-REA710660A00, Rev I

pagp 8 ofIls

am -

r-4JT-45X

3000

O o 2 20 120 IS ft0 II$ 240

Ow. 2. C ulatvemm of UFi rdeaed from 104an 43T (thinwa~ol and
48K (thdck-waed) cylinders apased to a 1700 15min re

Mw =mteiaies itroduced by fire Ump=rh= (an hut) predoinat ovei SU aot =CrA M eitmhe
in atodelg or reutinwg from input (swe IMW for additional discussion of modding uncertaindes).
Williams also pmts rc dcmonstrxting that a filld cyide w iv el ta
nocalally filled cylinde-.

Table S coma lo time to filhur and rupture p predicted by 6HRE to those presented bytIk
and Wcbb in x compsaion stdy [JUY9a. TIo filure pressures predicted by Lk and Webb in based
o tres-strain dta at 1300?F deaivad firom grphical iomsaid are of finite element
anaysw of th T c dresses throg hout cylinder. owe fure pt wa dtembwd, time-
prSue informadom from 6FIRE was used to rentify the time of filur 6FPE compares hoo Wa
to ul ;ta mm to detehmie flu the ultma sts i based on tabular t _pemrtwrete data f&om
the um ource used by Luk and Web (Vocift informatio -on de daft utilizmd by 6PW ar give by

Williams IMP 61)). When the wal temperature at the tim of failure predicted by 6FIRB is mn=ay
1300F, as is the can for 3QA and 30 cy e, t ims of failu ad rupture pressures are directly
comparale (and imiciai- with the data). Ibo diff as n ble S for
th otha cylinders primaiy result from the vaiof uimaest with temeratur

*At t elevated temperatursa and presnurs occuring in a fire, cylinder valves may Ilak or fai prior to the
rupture of the cylinder rrseg in the reewase of uome UFA; such failUr were now by MalUett (MM.

I



.. I

DAC-EA-710660-A003, Rev I

by J.I1Ec,
pa8 9 of lB

I-4 48Y I

; . s so 'o i ISO Ito t 340

VW,~g 3. CmUidtiiiiimaz of UF46 vdelseA frM 14-to 48G (WhnwAvO4d and
48Y.(thick-wai4 cylind=zi C'.... to a 1700'F, 5..in ri. .

Ernott/PGJ jpvidcs Ifrmto that valvec leak ritatfsof few stanfd ard ubi feel pe'r minut of nitrosen
(SCMNZ~ormore ighbt be ezpacted =nder fire conditim's (wbkh mzay translate to About a poiudpe
tmsnte of UP46 per SCFIA10 based an a .very =vrory evalation)., Figur 2 of Ellows, Paprs dia*
Wiamap eceeds I SCFMM as the PreCUM appoahe piO t (given a constan teqpcatu of about
14S0:); Ta 2 indic'aes laag miceds 0.5 S' M~ua' t' valve ' u ' cedes the ru:. e of
9 .to 1000 .(givtn- 3 .ontn .r ofabout 20 pig). iLek oud be . to relu
failure; alsoi &b amounit of ma"teria reased pro~orpueis not expected to be s~gniflcaizt iclative to

e overal re o a a : d , er ile a cylinder. -

- S If-''''C

.twa a'e t the fire lated 1S min; lbi fi'r the topped and ,he cinder coo le ' by con on 1a-d

rdsto ... th, ,, . ic , - ,- s ts

eniomn. If hefine looger thn15 uZi. he UFP4 w;oul be sublinmtad.
On the other band, if the frut'Is cctingulised at IS =in (as opposed' goth tacit awnti(n of sim~ply

i. 1 . ', - ' i . -: . .. . -, .

bUroing out), thentheprocessDf etinguihigthbfie m ay als qunchthecylinder wbich would decrase
the amouml of UF, sfoublmate howeme. the formaion and release of UP by water introdtuced iiito a
breached cldrwould then riced to be evaluatd.

The =1miasvky f "the fire has been assumed to be 0.9 in 6FIRE This Is areasonabe valuse; wtich has

, ....t . -. ... .. ... . . ... ,, .

been adopt for elting the e s : - n p i ' 7 ' ' o e ' a 2
lia obee al;y-assmed to ave hefootprint of thecylnder. Itias oted that firec=1 ssvity approaches



Table 4. Addldonal Jafonnraton ftovided to Support Aftospbeic Di aspin Anklyjsm
. , ,. , I I .........................'1

--- -

'codMIos
I :-1 t I s I 1 & - 13.0 2 1-6.4 I -6.7; 1-15.0 . t-16. I
I | a X - |

0.so33 __IiX - 0.184 ~ '~ X u'0.670 X " 0.679 ,X-0A27_IJ X- 061
I 13-3 15 4.3 1 133. 2 1 1285.2 I 1333 1 24U4.1 1133.8 1 1967.7 133A 1 4176.3 1 133.8 1 5854.1

____ __ ix-
- t w Ir~o. I

i ,nin ' ~4fed ohX

5 1 1 333 999 1 M t 1410 1050 4374' 10SS 3498

20' 700 1601 '.715 1632 594 4963 609 3973 '718 4723 779 6401;

25 '-553 1713 57 1753 445 5199, 459 4179 590 5043 631 6177

30 472 .1785 495' - 1334 r 363 5339'. 376 4300 S03 5260 539 719S

35 412 '138 436 1t94%' 309 5434 321 4383 :449 5423 476 7430

40 363 1879 . 391-' . 1941 271 5504 232- 4443 405 SSS1 425 7614'

50 306 193 '.327- 2010 221 5596 230 4:S2S 341 5742 359 78S7'

60 264 1979 '24 - 2069 190 5651' 197 4576 296 ' 5879 312 :802

75 21' -2021 239 ' 2110 161 5693 167 4619 250 6023 263 3289

90 193 r 2047 209 2144 145 5713 149 4640 219 622 229 3432

- 105 174 206S 117 2167 ' 135 5724 133 464 .196 6192 205 3533,

120 160 2076 . 171-. 213 .179 6242 18 ' 8607

150 142 . 201 150' 2202 '156 6301 162 8699
- -16--2 - - -69

1SO 138 '2209'. 142 76328 -147 3744

1-173- 3 . - 194.9 1-1t 0 G7.2 t .113.0 t - 210.0 t 223.5

-133.k _ 2209.2 1333T __44 133.8 1 6334.9-

SW

;I-
0ev

T - Ppetuw, OF n - V aWnuat M of UP& nkacd, b in m, mi X - vqwr mn hdon
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Tb .S. Cmparison or U=RE and Reslts -

11R et O

30A 1301 250 11.5 1300 242 1.

SG 1293 431 13.0 1300 415 13.0

480 1243 lS0 6.4 1300 121 55

48 1_243 5SO 6.7 1300 117 5.5

48X 1319 21S 15.0 1300 240 15.3

48Y 1318 291 16.6 1300 317 16.7

I ae flametic e Ad from 3 to 6 ft ormore fduo. he miiviy of efire (or enviro )
is I in SUBLIME; is value is cocsvative during th fire and apRpriate for th postc anysis when
the cylinder ndiates to te covixo t. An cm'i vity of 0.8 appeas to be a reasonble esti of
cylquler cminivity. Hiber eniuuvitics would ir the ra ofbt tanfer a=d deease et time to

Tbe Current evaluation consi cylinders fuly engulfed in re. If a cylinder u not filly e=Sulfed (e.g..
the cylinder ezted only partially into a pood, it is rcsting on th gmud, or it Is partially sieldod frm
dirc radiation by other cylindes) thm e time to failure will be neaed.

This study Las oly considered cylinders. Degidlation due to corrosion or other dama may
induce estimated times to fham.

is tudy has determined bestsa of ies to fl for 2w-. 10, and 144on cylinders. For thick-
walled, 14-ton cylindes, onm caveat sbould be noted ... if 4F cylindersam of ccera whh are med
to be costructed of A-25 steeI due to- eir dato of coustuction, then the time to ilure would be lss
than that for 48Y cylinde. Oher 48-n. dism. cylinder (4A, 480, 480M, 48H, and 4SHX can be
compared to or boded by calulio presented herin. Bo pes of 2toncyirs (3QA and 303)
have beez evaluated.

The cret evaluatios hvc been limited to26-, 10-. and 14-tn cylindem Asnoted in the introduetion
it is aamed that smdkr cylinders will fall with the complte relae of their contents. Because of current
limitationsin the 6PFRE progm (thou to be in vbrtieevaluaing phys prperties na te triple
point), it is not ossible to obtain infonsion on the mas ad temperatures of theUFg phases at the time
of failure for smalle cyind. However, became the failure pra s incase as the cylbndes become
smaller, he amount of liquid formed aiWv to the total mas of UF6 in fie cylinder would increase as
well ath. temperature of th liquid. Tee coasldeatoa would be expected to lead to a greaw release
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of vapor (upon fasbng of thX Uquid) and a mome buoyant plume as tha 41iidti become smaler. In th
absc : of complete comuter rns for the malr cyWd it is ggee tht the source termi asm
liquid UP6 at 300"P flahes to a uoUdvapomixture at the subimation poin. Iis recowmedation lead
to a rueaso tmpear of 133.8BU an a vapor mass fwaction of about 0.76 (solids fonmed upon flasing
would be atraintd in the plume).
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Attadhment 1. e-mail re: FIRE DURATION

The foflowing -mai povides basis for zin a fie duran of 15 Min

Date: Tuo, 21 May 1996 13:33s47 -0400 (EDT)
To: justra~ornl * govr wil2lamwrornl .gov, scarborougwr~ornl.gov
P1cs:0: ajhornl.qov (John A. Hoffmelster)
Subjects Fire Department Reponse Ti.1 - Cylinder Yards
Cc: brockwrlornl.gov, colemandaiornl *goy

Robert:

- checked with David Coleman of X-25 lire Protectlons and he informed
we that the response time to the X-106S Building next to tho X-1066K yard La
documented in the Fir- Protoction Engineering msseussent a S minutes with
an additional 5 minutes until water is actually being sprayed on cylinders.

e indicated that the first of fort will be to cool any exposed cylinders and
then to fight the fire. This time DOES NOT account for the time- to detect
and report the fire, which I would estimate to be a minimum of i minuto up
to 5 minuten or more if you consider the potential for accidents involving

xternal vehicles or if operations can be performed with only one operator
who might be incapacitated by the accident.

John Eoffmainter
John A. Koffmaiater
Building X-1035
MS 7212
Phones 4-0261 Faxs 6-8184
hoffmeautetjeornl.gov
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Afttchment 2. Ldtte re: FMR TEMPERATURE, etc.

15& Tedbnicsl Associates
P. 0. Uox 4Z5,P
3.2 Wyatte Dr. 6Suito 220
Oaik RixAgO, To 37831-43sy

stag K-25 Cylma Yinr4 wira iaardsa Jnalye*.s

D~ear Ka~ciat

D~z1~a elphneconversat~om irith Zoln 2offteiater of 114
yeserdy. a ~essd a nce& ff= acme bevi fire cb'hit acitrcdstc
of ydocrbo polfire*. Once the pool fire dataL beeomas

avaiabl, Ll vi anlyethe data for use, wirtb the 1V4j cylindlr
atorage yard AARZ.

PSttacbrA to this trannauttal lett~er ar* the b~n~ haacers Lee
-of combustible and C2 ==Wa7l l~quids that pot eZ2aa.y qcould be used
Lu the yard %xeats.

Xi eiycelltnt. Wraezc.= source for pool fiz~s invlvis:4 bydrmzoabona
Is Chapter 2-4 it the SV aidokofFr oXt~ertA=L Euaneei?1W*_
T~his xaf eree text Includes a variaty of five Protection
parazaters that would 3ie beneficiva to the engineers wvorki1ng en the
WI and the M~. Some of the inportant parataters in this, chapter
Sihauidt pool fixe flame height, burwixg' rates, 2iquid banu
vplctitieu, and- flame tewmqexaturaz in addition to phyvical
propetftiea of pool. fires.'

Vzbext %T. O'LAuqgh;ns 1%.r
Wire Pratectlian Rnmincer
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WXR3 BURN=N CRARCTBMZTICB

LRRAGH OP= mTDROCJWSON FIRES

Ziqcdd 4 !sloty ftmi~ng Xats (WIu±ia a

Diesel ftel: 2 uu/=iz w±?k a. pool diasutim of I in
4 m/Ci~z Wi.th a pool 4izwet.ar at 3 a o

GINSoinet 4 ug/izin with a pool diameter of 2 u
4 =umn/m with a pool diameter of 3 m CZ

Diesel ulusI 2L.. u with a paot di~azveter of I i
3.3 a with a pool diameter of 3 m

Gasolmnn: 2.1 I with -a pool diuameter of 2. a
5.-4 m vith a pool diawater of 3 i

(zaf. 42)
Diesel Fuels Ma

(Rat. 13)
Diesel Thel: 1Z00 (170a or)
0aOMUMn: 10
IP-4 : 1200

ote 1: 1{ydraulhlo fluift have burninig-ebaracteristios'that are'
Xenn sevare tban the aboave listed lS.U~ds.,

Note 2:t Isuiam pool six* fi*s (dimusnter) to the leaigth of the UV&'
iey13.id=* (20 ton and 14 ton).
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1.0 ~'. . Dive=*n, Chief Ui~tor, i*msfl a~o tF

Pceit-iou ErgcneriWg,. pp 2-47, Pirst ,Raitiw, September 2.9se58.

2.0 1WPX 721E, %Automatic Piro Detectaxieft Table C-2.2.2.11aI,

3l.tIOza 1 iXLt VrOteOUOUi A92Od~iat#on QUiwCy, M. 0 .1984.

30 W. J..D1BNai. Chitef Mditor. USMP E~ndbook of Fjre Pzotaec4a

~Rnz-eer.Lzg". pp 2-51-, First Sditioz. Bebtenbor 1988.
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1LEWWSJON LOG

okiwha M ............................. July w6

Re~wonl ... August m
OrgnlTse....... . . . ....... .**. * *********j 7 19

Corrected DAC umbe appeanA t tic top of pars 2-17.

Added Revica Us.


