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mTRODUCTION
'lhl’DemgnAnaJym&lcuhhcu (DAC)hsbeenprepuedmmppoﬂofﬁwfonowmgprqects:
| i. chputhunoftheK-ﬁSmCyhndctStongeYudFmdSafetyAndmRepoxt(SAR)

Upgndeofthe GaseousDnﬁ'xmonPlant Safdy AmlymRepom(GDP SAR:) for the Poﬂsmomh:
mdPnduuhGDPs. o :

wmormnmm.wwmswm

ThepmpoucoflhuDACistodocummmeWofUF‘cylmduxmgulfedmﬁmtodcmmcthe,
txmelompmte thzummm:ofUF‘relased msuntmeondy udwumeofmpm,mdthonme:
dependent seleass of UF, after the rupture, nmnmnmmmmdanmgmm SUBLIME
which bave been documented by Williams fWRWD6] and Anderson [JCA96]. Simulations have beea limited
to 244-ton cylinders and larger. Smnucyhndmmmmdmﬁﬂmmthewmpwmmof&w‘
mmum&ehnsdtuumdweduﬂxemkmdgcﬁmmﬁu&on?lm!m1966[AJM]'thosa'
tests involved 3%-, 5-, ands-m.cylmdm. T )

) MODELING ASSUL{I’I‘IONS
Mfmwmqmmwﬁdfwmwmﬁcmfmm&dmhbb l' :

‘I'hm-wd!edl&-mncyhodm(asnmedtobeﬂd)
Ml%cﬁmdm(mmdwbedm
Z%Mcyﬁndm(unmdwbeao.&) ;
Z%Mcyhndm(xssmnedwbem) ,

. Thick-walled 14-ton cylinders (mmedtobedm
Thick-walled 10-ton cylindess (assumed to be 48X)

Cylinder characteristics used in the analyses aré defined in Table 2 and are derived from ORO-651, Rev.4
{ORO/4] except for materials of construction snd the characteristics for the 48T cyhnder Characteristics
forlhethm-wnlleddﬂcylmdcrwmnmmdequdtothouofathxck-mlled“)tcyhnderueep:formn .
thickness and cylinder weight. Information in Rev. 5 and 6 ‘of ORO-651 JORO/S; ORO/6] indicates”
speuﬁcmd:nsedfureonsuucnngmonhccyhndm Information on cylinder procurement history
and materials of construction also appear in & psper by Zichlke and Barlow fK72Z). This information
demanstrates specifically for some cylinders—and the inference is drawn for other cylinders—a change in
the material of construction used from A<285 to A-516 stec! in the lats 1970s. 30B-and 48Y cylinders,
which were procured after 1978 [XT2), masumedmbecomwedofA-Sléuxl,mo&ucyhndm
listed above are considered to be construsted of A-285. A-285hunlawuhutapwtymdnlow
ulhmtomthml\-sw.wlsummgcyhndmmmmaadofAmnedemdtm



DAC-EA-710660-A003, Rev 1
by Jt 1 { [ c 4
page 4 of 18

Table 1. Summary of Cylinders in X-25 Cylinder Yards
(allnumbcumbasedmmfomunnpmvxdedbyc. L. Hednck)

Full 14-ton thin-walled

Partially full 14-ton thin-walled

Pactially fll 14-ton thin-walled . . -
Heel qumnty l4-ton thin-walled

X M»Gwr 2R

&%

Full 2%-ton
' Partially full 214-toa

Partially full 2'4-ton

lindm”{ M&

%%“ W""‘EE ¢

! Enriched and depleted cjlinders combined, . -
¥ Mostly 30A cylinders; totals includs sbout ten 308 cylinders.

consexv;nvo wmtcs of u;e tune to failure. Pnnc:pal dxffmca amoag tlw 48-in, cylinders are material’

ofwnmmcn.wallth:chm,mdovmllm(i.c.. leogth, which impacts cylinder weight and UF,
capacity). . .

Othumnnpumnﬁhzad forlbwumxhnonsmcludc:

Cyhndcr:mmmedtobanommﬂyﬁm (i.c..themofUP.wouldﬁllQS% oft!:cvolums .
A ofthacyhnduatZSO’F)
Cylinders are fully eogulfed in fire
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Table 2. Cyhndcr Characteristics Utilized in 6FIRE or. SUBLIME

Cylinder Characteristics Utilized in 6FIRE

|Inoer diameter,jn. .. | 20.1875 | 29 48 -|. 48 48 | 48 -]
.| Clinder thickness, in. * | 0.406 '] 0.5 | 03125 | 0.3125 | .0.625 | 0.625 | .
‘| Cylinder length, in. .~ |, 66.24..| 68.02 | 132.74 | 103.99 | 103.99 | 13627
ECyunderwgm.‘lbﬁ 7| 14000 | 1400 | 2600 '] 2250 |..4500 ] .5200 .| .
. | Material of construction” - A285 | A-516 | A-285 | 'A-285 | A-285 | A-S16

F‘mdnnhon-ﬂm(mmd:mzl) .

. meamm-mo'r(mmwz) e e

" Ambient temperature = 100°F T |
Imndwmpmmofcylmdamdw‘equalnmbmtempmm
Bmmivnyofﬁu-o9m6m I.OmSUBI.M ‘ '
" Emissivity of eylinider = 0.8 (in both pmznm) ' ‘
Failure mode: mmmm{mm(mwmmmjfondﬁmmm@)

Resuluofthe:;mmmonsforlhemcyhndatypam&edmtheprwedmgsecuonmmmmnmdm
TublaBtndegs 1 through 3. Basedcnﬂ:emltsfrom6FIRE,only48chlmdmwoxﬁdtnmvea
ls-mmute, 1700°F fire accident; ﬁﬂmhwtoﬂheo(hucyhndmmgedfmmappmﬂmuly64
minutes (48G cylinder) to 15. 0 minutes (48X cyhnda) "Table 3 and Fig. 3 seflect data for a 48Y cylinder.
ﬁnmeu 16.6mutumll700'l~'ﬁre. Figures 1 though 3 sbwlbccumﬂnnvemofUF.nInsad
WWGFREMSUBLMB&WZI&MIO—M.Ml&chcylmdm,mpaawely;Tablcd
ubulmwmoflhedahp!o&ednthmﬁ;m

Tablo4dsopwwdecinfommontosupponnmowbaicdmmndm 'l'hnmformuoamchlda
ﬁemmmmemmm&wmofmw‘bcmglﬂMumemdmwpmnuwu
a3 the tempenture of the vapor subsequently sublimed. ‘l'heinxudnlaseofm’.incmdamwpotmd
hqmdmthacyhndcrntbonmoofmpm.tbchqmdummedzoﬁashandmanhthev:porformng

a salid-vapor mixture at the sublimation temperature of UF, (solids formed upon flashing would be
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Table3.Stmmuyof6FIREandSUBLmIERmdqm I
SRR e 7 e -

AR LSRRI A

Initial UR, mass, b - | 4951.1 | S5019.0 | 26833.5 | 21021.7 |.2102L.7 | 27546.9:
Time of rupture, min | - |{11.52°| 13.03 | 642" | .6.67. |. 1500 | 16.60%

Compositionat” ' - Solid '37969{ 13733.9 | 24409.5 |'19054.0 |.16845.4. | 21693.0.
rupture, b (%) . ¢ - - J1(6T) | (744) | OLO) |! (90.6) | (80.1): | (8.7)
© 77 Liquid] 11004 |i13173.4 | 2193.0 || 1790.4 |- 3986.6" | 5481.5

- @2y |- @4 | @D @S | (19.0) | (19.9)

~ Vapor| 539 | 111.8| ‘23L1- | 1773 .| 1897 | 3726
CLo-opan ey ) o8| 09 ] 09 | e

Cylinder pressuro at rupture, 2643 | 4461 | 1650 | 164.9 230.1 | 305.5

Liquid temperature at § 309.6 | 3189 | 199.6 206.5 303.6 | 3137
. .

. 780.9 ; 922.7 | 785.8

1232 | 1288'° 1290

- 1967.7 '} 4176.3 | 5854.1

Time from rupture to end of 348 1.97 8.58 8.33 n na
fire, min

Vapor sublimated during 228.8. | 1250 | 1949.5 | 1s21.1 ns ns
remainder of fire, Ib

Vapor tcmpmuue'ut end of 1026.64 9994 |

fire, 'F . .. BEI SRR S ‘ .
_mm

prormbhmtednﬁaﬁm. 7065 | 799.0 | 1350.8.] 1160.4 | 21586 | 2909.1
b N L \ o

Duration of post-fire releass, | 158.3.]. 1799 | 922 | 980 | 1950 | 2059
mn - - T ' IR P S G

mnvF‘mlmga B &pssi;s; 12209.2" | 115724:4 5] 74649.2 1| ~6334,9°:}:8763:25] . .
(% initial URY™ = -;.r-:. (42:2) 44i0)7 | 13y ) iy B oy Flvpisgy
m

'mﬁmduuumgeumuymmdformﬂympmpomuwm Becauss the 48Y
cylinder did not fail within this time frame, tbeﬁ:ewuwcadedtothenmaofﬁxlum
wpnvxdemfamwoaonpocmhdmmmformbnqw-ulm
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2 [=——30A ===308
kil - =
/

: 1 L
<200 . —— aw ee o e e mm——
1000 v - : ~— v

o w0 e .. 120 180 180 a10

. Fiz. L. thhnmofUF;rﬂmedl‘mZ%—tonMAmdMB
qhndmapwedtna!?ﬂO’l‘,ls-minfm. -
cntmnedinﬂ:.oplume) meqmnoumadﬁorulmhungthevwfncumkﬂwfollowhr

_ X (I(%Hm*mawnnw)’(mnm*mmv)] Hm.}llﬂvcn Hsa'r]
where X = vapor mass fraction '

m = maex . _

:.H~ >'- llp’ “. . N ) . , .v--..- R

L "‘“P“*'““’“‘q‘“d Tl

3o '-whdumbhmﬁontempmmm ______ ﬁ

DISCUSSION OF RFSULTS

mrsnluprmhdmthsDACmecdcnulmdﬁnwmpumofﬂm'F. Iubouldbe
wdh&ﬁmwmpmmmmummehvebmdowmudﬂHwﬂ Higher temperatures
wﬂlmﬂlinmmmfai!ure m.dpnmww&mudmﬁmxmymdm
to failure [WRWYE]. mmmwmmmmdmmmmwﬁnmmm
ﬁmmofﬁnw mgtbeﬁwwaOOO'Pmldwthemto&ﬂmby +
mmrmmmwwmrrmWMymmmmm
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Fig. 2. Cumulative masg of UF; released rromlo-tonmahm-wn!led)and
48X (thick-walled) cylinders expased to & 1700°F, 15-min fire,

The uncertainties introduced by fire temperaturs (a3 input) predominats over all other uncertainties, either
in modeling of resulting from input (soe [WRWH] for additional discussion ofmoddmgunccminhu).

.Wﬂhmalsop:mtsmﬂ:sdemstuhngth!mpumny ﬁnedcylmdmmsymwolonguﬂ:m
mmllyﬁlledcyhnda:.

Table 5 compares the times to failure and rupture prestures predicted by §FIRE to thoge preseated by Luk
sad Webb in 8 companion study [KHLS]. m&numpmampredxuadbyukmdv{ebbmhued
mmmdmuBOO‘devedﬁommphiulmfmmmmdmﬁwmkofﬁmhdm
anslyses of ths Tresca stresses throughout tha cylinder, - Oneeﬁi!mpmuwddmxﬁned.nmo-
pressure information from 6FIRE was used to identify the time of failure, GFIRE compares hoop stress
wummmmmumnmmmuwmwwmmm
:bemnummedbymkmd\vebb(spouﬁcmfomahonm&cd&hmthdby&-‘lkﬁmzxmby
Willisms [WRWS6]). Wb&&cw&ﬂtcmpmnmnlhe&mofﬁﬂmpredkubySFmBummﬂy,
BOO'F,uutheuaaM3mw3oncyhndax.mcumof&dmmdmpmmpmumdhawy, \
comparsbls (and withinf the wcertainty assiciated with tho dats), mmﬁmmumksm@
thauhuqﬁndmpnmnlymkﬁnmthevmdnluwmwmmwmpmm

. Mlhcelcwedl:mpmxmundymmmocmmgmzﬁre cylmdervﬂvesmylukormlpnormdm
mpﬁmof&ecyhndetmdungmmemofwme UF..wchfadwmnotedbyMlﬂcu[AJM]
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; Fig.3. Cunulahvemasoﬂl!‘;nleasedfmmld—ton“G(thm—waned)md
48Y(thxck-wnlled)qﬂndmapwedtoal7ﬂ°’!‘ IS-mml"u'e. ~;‘¢ R

, Ty Qo Lo
mmmjpmainfmummmmaxmof.fewmmmwpuminmeofmxmf
W@mmmg&hwmmmum(whcbmmbabwupomdpcr*
mdw‘wswc&mdwawmmm) Figure2of£lhou'spapermdsum'
mmxscmmumemwxmmmm-mwofmu
14so°p).r.blozindmlahgomo.sscmmu:bevaxvempmmmumuwmgeofj
lem?mvmamsumpmnfabommm) l.uhgelhouldnotbeexpecudtopmludo‘;_
failm'dso.tbcamomtofmxmdnlasedpnoﬁompnmunotapectedlobengniﬁunttelmvcto
mwmutdmofmmdbefoudmng:ndaﬁcfﬁwﬁmnohcym« :

._."~

. . C : ‘
- --;a L;, o ! 5 ! 4 1

nwwmmmwwmmﬁmmwmmmMmmabmemﬂ
radistion (o the eaviroament, H&eﬁnMIMgu&nISmm.lhmmUF‘wou!dbewbhmmd
On&eothuhmd iftheﬁrcisuﬁngtﬂsbadalSm(uq:poeedtoﬂwmtmmphonofnmply

hmngmu).ﬁmtheprmofexmmm&eﬁmmydwqmchthoqhnduwmchmadxm

thcamountofUF.mhlm:ed howwcr thefmuonandnlmofﬂl-‘bymmmducedma

bsuchedcyhnduwo:ﬁdthmuadtobecnlugud.[, :

! { i t 3 ! b ) !
Tbcmmmyofthcﬁmhnbomasnmedwbeosmm 'lhxslsamsomblcvnlue.whxchhu
beenadopwdfmcvﬂuungthccﬁ'ecuofﬁmmpchgmgﬂOGRﬂ].l.n.dntucounstunwnhlﬁrethu
has been tacitly assumed to have the footprint of the cylinder. It is poted that fire emissivity spproaches
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Table 4. Addmonal Infmmﬁan }’roﬂdd to Support Atmospheric Dispersion Analyses

1s-] ‘1027 | -1383.] 999 |° 1410 | 1050 43747°) 1088 3489 | : '

2070 700 |. 1601 | 7S | 1632 | 594 He3 | 69 3978 | 718 4728 ™ 6401
25| isss | 13 | (579 |: 1753 |1 M8 s199: | 459:] 4t79 | :5% 5043 63t . 6877
30| 412 |. 1788 498 ] - 1834 | 383 53391 376.| 4300 | :508 5260 539 7195
as | a2 | 138 | 435.) 1394 | 309 s34 ] 321°| 4383 | 449 423 476 | | 7430
40| Taes 1879 1| 1941 | 2 5504 282 | 4443 | 405 5551 428 | | 7614
5 | . 306 1938 |© .927-].- 2010 21 5506 | 230:| 4525 | 341 5742 359 | - 7887
w | 264 1919 |. "2s4-].. 2089 150 651 '] 197 ] 4516 | 296 5879 n2 | 8082 i
75 ) 2] 202 | 29°) 2110 | 141 5658 | 167 | 4519 | 250 6023 263 3289
90 193 2047 209 2144 | 248 5718 149 ‘| 4640 219 6122 229 | 2432
108 174 2068 | 187 | . 2167 | 135 ST 138°] 4648 | (196 6192 | - 208 8533
120 160 2076 |- 1] uss-} : ' E 179 6242 187 : B6OT
150 142 2088 150} 20275 ‘156 |- &0 162°1 8699 .
1m0 | = ) j ' . : -

t= 1130

'l'_.'-lait?mtur.e'.‘l' ;n;,i_g-ei@nhﬁvpmﬁpﬂl?.nhnd,b

-t-tlime.min

X = vapor mans fraction

fq
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" Table 5, Cmnpansnnof‘FIREandFEARmﬂts

AR WA Gl

wxggw% LR

30B 1293 431 13.0 1300 415 13.0
438G 1243 150 6.4 1300 122 55
48T 1243 150 6.7 1300 17 55
48X 1319 215 150 1300 240 153
48Y 1318 291 16.6 1300 317 16.7

1 as ths flame thickness extends from 3 to 6 f or more fBuck]. The emissivity of the fire (or eavironment)
is 1 in SUBLIME; this valus is conscrvative during the fire and appropriate for the postfire analysis when
the cylinder radiates to the eavironment. An emissivity of 0.8 appesrs to be & reasonable estimate of
cylinder emissivity, Higher emissivities would increase the rate of beat transfer and decreass the time to

Tho current evaluations consider cylinders fully engulfed in fire. If a cylinder is not fully eagulfed (e.g.»
tho cylinder extends only partially into & pool, it is resting on the ground, or it is partially shielded from
direct radiation by other cylinders) then the time to failure will be incressed.

This study ka3 only contidered *like-new® cylinders. Degndmouduebeommorothud:mo may
veduce estimatad times to failure,

This study has determined best estimates of times to failure for 24-, 10, and 14-ton cylinders. For thick- -
walled, 14-ton cylinders, one caveat ahould be noted ... if 48F cylinders are of concern, which are assumed

to bo constructed of A-285 steel dus to their date of construction, then the time to failure would be less

than that for 48Y cylinders. Otber 48-in. diam. cylinders (48A, 480, 480M, 48H, and 48HX) can be

compared to or bounded by caleulstions presented herein, Both types of 2%-ton cylinders (30A and 30B)

have been evaluated.

The current evaluations bave beea limitad to 214+, 10-, and 14-tos cylinders. Asnoted in the introduction,
it is azsumed that smaller cylinders will fail with the complets relesse of their contents, Because of current
limitations in the 6FIRE program (thought to be in subroutines evaluating physical propesties near the triple
potnt), it is not possibls to obtain information on the masses and temperatures of the UF, pbases at the time
of failure for smaller cylinders. However, because the failure pressures inereass as the cylindess become
smaller, the amount of liquid formed relative to the total mass of UF; in the cylinder would increass as
well as the temperature of the liquid. These considerations would be expected to Jead to a greater release
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of vapor (uponﬂashmgofthchqmd)mdsmbuoym:plumcuthocyhndmbwome smaller. In the
lbmneofcompletoeomputcrnm ﬁordzemﬂercyhndm;tusugzemdthnthemwmmm
hqmdUF,awOO'Fﬂuhntonolid—v:pormmuthembummOnme This recommendation leads
to & releaso temperature of 133, 8’Fmdzvapormssfnwonofabomo76(sohdsfomeduponﬂashmg
would be eatrained in the plume).
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Attachment 1. e-mail re: FIRE DURATION

" The following e-mail provides s basis for assuming a fire duration of 15 min:

Date: Tue, 21 May 1996 13:33:47 ~0400 (BDT) ‘

Tos justrafornl.gov, williamswr@oranl.gov, lcuboroqu:eo:nl. gov
Prcm: ajh@ornl.gov (John A. Hoffmelster): ,

Subject: Tire Depu‘tmnt Reponse Tima - Cyllndcr !a.rdl

Cc: brockwrf@ornl.gov, colemanda@ornl.gov

Robert:

I checked with David Coleman of X-25 Pire Protection and he informed
me that the response time to the X-1065 Building next to the K-1066K yard is
documented in the Fire Protection Engineering Assesasment as 5 minutes with
an additional S minutes until water is actually bsing sprayed on cylindars.
He' indicated that tha first effort will ba to cool any exposed cylinders and
then to fight the fire. This time DOES ROT account for the time to datect
and report the fire, which I would estimate to be a2 minimum of 1 minute up
to 5 minutes or more if you consider the potential for accidents involving

external nhlclu or if ope:ationl can be pexformed wlth only one ope:ator
who might be incapacitated by the accident. -

John Hoffmeister

John A. Hoffmaister .

Building X-1035 .

MS 7212 ‘ ) '
Phone: 4-0261 Pax: 6-8184

hoffmaistejalornl.gov
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Attachment 2, Letter re: FIRE TEMPERATURE, etc.

HRE PROTECTION ENGINERR .
- mmm
¥rexevllie, TN 37919
“0) 6915913
Aprid 30, 199&

Yarcia !ilche: ot

. BE&R Techkmicel Anmcntea

P. D. Dox 4159

. 151 Lafayatte Dxr. Suits 220
Oak Ridge, TH 3783143159

" Res K-25 Cylinder Yard Pire uawm analysu
peax Kavcias '

Duringy a tclephone :mveraaticn td.th .‘!ohn nottueister of IM
yute:aay. he expressed a need fox sone bagic tire characteristics

£ hydrocarbon pool firea. Once the pool fire data Yecoaes
avanabla, 1M will analyze the data for use with the UY, cyl.'md:r
ntoxage yard ShAR. ,

.Attached to this trancuittel letter are tha buxning charact aris:tcn
-df combustible asd flammable liquids that potentially could be usad
in the yu'd wreas,

A2 excellent refexrmace source for pool fires involving hydroca

is Chapter 2-4 in the

Thic Yeference text $ncludes B variety of £1:¢: pmtects.cr.
paranetexs that would be beneficial to the engineers working ea the
FHA and the 8AR. Some of the inportant parametexs in this chapter
include pool fire flame height, burning rates, liguid durnd g
velocitien, and - flane :empenttxres, 1n addition to physict
p:cpurtz.es of pool fires. i i -

Ph;n eomrcy this u!omtton . 0 thc euginenr- uvolvuﬂ .i.n tha
project.

l
Sincaraly, i
Bold Ot
Robert J. O'Laughlin, P.EB. '
Fire Protectiem Engineer i
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FIRE BURNING CEARACTERISTICS N
oF :
o }
LARGE OPEN HYDROCARBOX FIRES :
?(.iquig ?doeity Buning Rats (va/zinl
Fof nienl Fuel: 2 mxx/min with a pool Alsmatsxr o 3 m .
4 m/uin with a pool 4&iameter of 3 a or
greater
Bascline: anlniuuithapocldimeuroflu
sn/nin with a pool diameter of I m or
gmta .
'(ng Height (mater}:
niescl Tuel: 1.7 m with a pool diameter of 1m
. 3.9 u with a pool diameter of 3 m
Gasoline: 2.1 m with a pool diamater of 1 w
. 5.4 m with 3 pocl diamster of 3 m

(xef. 2

Gasolina: .

Raal u}mo ncuity (:mrlm/z:,) t
Diessd Fuel:

180
200

¥Yiams Mpnwre m:

(Ref. 3}

Diosel Fual:

Gasoline:
,1?-(

Xots 1:
lean uvc:e t.hm

nloto 2: lum

1200 (1100 b §|
1200
13260

Hydranlie nuida have hurn.in characte:hcico t!at. are’

the above listed uq\nas.

pool size firs (diamater) is tha length of the UF,

cylipnders (10 ton and 14 tom).
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P, 3. DiNenno, Chief siltor, .eSFPR Nendbock of Firé"
?to:ec:.ion &ginemng' PP 2-47, Pizet Rdition, September 1983._

““““““““

2.0 RPPa 72E, ®Automatic Pire Detectors®, Table c—z.z.: 1{:).
Mationnl f£ixe Protection Association, Quim:y MA., 1984,

3.0 P. J.DiNemo, Chief Editor, "SFPE Hipdbook of Fire m:ec:icm )
Engineering*, pp 2-51, First Bdition, September 1988. -
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