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ABSTRACT

Thispegpe edimetesthelikdihood thet apipdinebrek or atranfirecould coour intheimmedigevianity of agpant nudear fud
cak duingral transt. U. S Departmant of Trangportation detabeses areexamined for infometion tret yid dslikeihood est-
metesfor such acddants Thereautspresated areintended to provide detalsand infametion inafom thet isuseful rfeiece
for fuiurerisk dudies Probahliiesare calculated for both pipdinefires causad by pipdinebresks and for hezardous meterids
firescausad by train aoddenis Asanillusiration, theresLiting prabehilitiesare used to claulatettypicd probhilitiesfor fireaoo-
dantsduing ral trangpartation of goent fud casks For asngel600 km (1000 mile) trip, the praboehillity of atrargportation cask
banginvaved inappdirefireacadat isabout 102 Smilaty, theprabetlity of acask bainginvdved inatran fireaoadat
duingasnge 1600 km (1000 mile) tripisedimeted to beabout 3x107. Because of thelow likdihood but patentidly severe
themmd condiions causad by turoulernt mixing of axygeninto thefireplume, pipdineacddanisfdl intothe categary of vary low
proehlity, high conseguence acddants For train trangpartation, the prabehility of ahezardous meigidsfire assumingatypicd
fraght train, ishigh enough to be congdered in transgparation sk assessmants

INTRODUCTION

Concamsabout cask trangpartation acddanisthet might invadve sevarepipdine bresks or tank car fireshavebean expressed by
Sekendldarsduring recart shipaing campeigns Exiding detebeses areavalidblefromthe United Siates Departmernt of
Trangportation thet pamit esimetion of fireacadant ratesfor bath rall rargpart and ral-pipdineinteradions Databesesfrom
bath the Federdl Railroed Adminidration and the Office of Fipdline Seety areused inthissudy. In addition, Geogrgphic
Infometion Sydem (GIS) datadevd oped by the Satedf Texasdlow edimetion of theexpoared ral linesto pipdinenyptures
Inthispepe, theseddtaare presanted and then usad inillusirative cllauaions thet g ve esimetes of thelikdlinood of suchaco-
dents

PIPELINE FIRE PROBABILITIES

Fipelines Neighboring Railroads

Toedimetethe patentid expoared ral linesto pipdinelresksand fires aquentitative goprasd of theincidence of pipdines
naighbaring ralroedsis nesded. Asadep toward such an goprasd, argoresaniativegroup of five counties Harding Jesper, J8-
ferson, Liberty, and Orange, near Houston, Texaswas consdared because the Rallroed Commission of Texashed gopropriate
detain acomputer formét & thetimethisrepart was wiitten. The counties chosen rqresant ageogrgphicd rejonwhereparo-
leumindLariesand pipdinesare common. Geogrgphicaly cordated detabesesfor dl of the pipdinesin eech county were pur-
chesed and added to the exding databeses destriling rallroed locations and dreredieridlicsin Sandid s Geogrghic Infomation
Sygemfar Trangpartetion (GIS-T). Thefredionsof sdeted meinlinerral routes (typically theanly linesemployed for large
shipmasad radicedivemdaid, eg. ot nudear reedtior fud) intersacted by or rumning doseto pipdineswerethen tebulated
with gpadd softwaretodsdevdoped & Sandiafar usewithacommerdd geogrgphicinformeion sygem (GIS).

Geogrgahnicinfammetion sydamsprovide poweaful softwaretodsfar sudying geogrgohically cardated information and com:
paringmulipesasaf dea(layers) with eech ather (eg population dansty with highwiay mgps) to dotain detaon rdationghips

" Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Com-
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(eg. populaion density dong sdedted routes). Typicaly, thebult-in softwaretod sare best sLited for sudying detalayer rdation:
dhipsove largearess an entireroutewithin acounty or ametrgpdliten area. Because Sadianesds demogrgphics assoaaed
with trangportation routes on addtaled scde (kilometer by kilometer) for routesthet are nationd in soope, asoftwaretod wes
devdaped which could autometicaly tebulate populaion informetion (U.S Canaus Blockslayer) dong sdedted routes (digit
dleslaye) for shssquent processing

For thecumant golication, sdedied mainlineral ssaioswithinthreedf thefive countiesfar which pipdline detawere purdhesed
weredvidedinto 200-meter lengths and the cocurances of pipdineswithin 100 metarsof ather e df theral lineweretabou
lated for each of the 200-mater ssgmants (by theautomeic tebulaion todl). With thebuilt-in capetiliiesof theGIS itwesd o
posshleto tebulate the coourence of pipdines of oedific Szesand fluid content (gesss liquids o rdfinay produds) withinthe
Hected proximity of theral lines For thisevaugiion, tebulaionsdf dl pipdinesand of pipdineswith 6inch or greter dametas
within 100 metarsof thesdedted rail mainlines weareconrpiled.

Ral manlineswerelocaed inanly three df thefivecouniesfor which pipdinedaiaware purchesed. Table 1 ligsthetiree coun
tiesand theral- linefipdine camelation detafor dl pipdinesfiuidsin the Ralroed Commission of Texasdata Inthetebles esch
ral manineinthecounty islised sparady. Table2 ligssmilar informeionfor pipdinesaf 6 inch or gregter damaier and dl flur
ids A typicd mgp df ral linesardlyzed issoanin Hgure L Anexamded therdl-linessgmentaion and pipdineintessdiansis
fomninHgue2

Table 1. Rail-line/Pipdine Corrdation Statistics for All Pipdines/Huids

County Total 200-m Rall Segments Inter-
Rall Segments sected by Pipelines Fraction

Jefferson 176 20 0.114
176 25 0.142
Liberty 289 58 0.201
279 43 0.154
Orange 220 44 0.200
273 54 0.198

Table 2. Rail-ling/Pipdine Correlation Statistics for Pipdines 6 inch
dia or larger, All Fluids

County Total 200-m Rail Segments Inter-
Ral Segments sected by Pipelines Fraction

Jefferson 176 19 0.108
176 23 0.131
Liberty 289 49 0.170
279 40 0.143
Orange 220 36 0.164
273 29 0.106
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Fgure 1. Rall manlinesand dl pipdinesin southern Liberty County, Texas. Thin lines are pipelines,
hetched lines are rail mainlines.
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Figure 2. Example of andysis of 200-m mainline railroad segmentsin southern Liberty County, Texas. Thin
lines are pipelines; shaded rail segmentsintersect one or more pipelines.

Inthislimited samded dda thefradion of themainlineral tradkswithin 100 meersof apipdineis20%or less Thisisnat aur-
prisnginview of thefedt thet in moet o these cases thepipdinesdid nat pardld theral linesbut aossed thema varyinganges
Thefradionfar 6-inchdamaer or larger pipdineswithin 100 metersof thesameral linesissmeller, sseqpedted fromacead
examndiond thepipdine-szeddribuions

Pipdine Break Probabilities

TheOfficed Apdine Stay (OPS), pat of theU. S Departmant of Trangportation, kegosSatidicson pipdineacddatsinthe
United Stes Thesedataareavaladeto the pubdlic for computer dowrlced (hitp://opsdot.gov/), and are ussd heretto edimete
theaud prabehlity thet apipdinebresks or isdameged and catdhesfire The OPSdvides pipdinesinto three categornies lior
udtranamisson, neturd gestranamisson, and neturd gesdidribution. For edimeation purposes pipdinesnomirdly 6indhesar
larger are consdered to have asgnificant potentid to damegeagpant fud cask. Thereoant 14 year pariod from 198610 199
wasardyzed




AsdowninTade3, for liquid pipdines an averagedf about fivefires par year ooourred betwean 1986 and 1999 over atatd
pipelength of 240000 to 260000 km (150000 to 160000 miles). Assuing aonehour fireduration so thet ajaint prakoetallity of
acak bang presat can beedimated ldte, theannud praehllity thet afirewill exd a agvenliquid pipdinelocionwitinane
mee & agventimeis2.3x 102, Tad pipdinelength for eech of the pipdine categariesisprovided on the OPSweb stefar
eschyear whereddtidicsarekant. Thiscadationwesfadlitated by thefidd “HRE’ intheliouid pipdine detabess whichan
svaed thequedion “Wasthereafire? (y/n).”

Table 3. Cdculation of Annua Fire Probability for Liquid Pipelines

Fractionof | Probability of
Number of | Miles of Meters of Year Fire | Fireat Location

Year | LageFires| Pipdine Pipdine Firesm Occurs and Time
1986 9 153462 | 2.46974E+08 | 3.64411E-08 | 1.14077E-04 | 4.1571E-12
1987 6 152859 | 2.46003E+08| 2.43899E-08 | 1.14077E-04 | 2.78233E-12
1988 4 152547 | 2.45501E+08| 1.62932E-08 | 1.14077E-04 | 1.85868E-12
1989 4 150488 |2.42187E+08| 1.65161E-08 | 1.14077E-04 | 1.88411E-12
1990 2 149008 |2.39806E+08| 8.34009E-09 | 1.14077E-04 | 9.51413E-13
1991 2 150425 | 2.42086E+08| 8.26153E-09 | 1.14077E-04 | 9.42451E-13
1992 4 152595 | 2.45578E+08| 1.62881E-08 | 1.14077E-04 | 1.8581E-12
1993 1 165781 | 2.66799E+08| 3.74814E-09 | 1.14077E-04 | 4.27577E-13
1994 10 155208 | 2.49784E+08| 4.00347E-08 | 1.14077E-04 | 4.56704E-12
1995 4 153566 |2.47141E+08| 1.61851E-08 | 1.14077E-04 | 1.84635E-12
1996 8 154863 | 2.49228E+08| 3.20991E-08 | 1.14077E-04 | 3.66177E-12
1997 5 155140 | 2.49674E+08| 2.00261E-08 | 1.14077E-04 | 2.28452E-12
1998 7 156753 | 2.52270E+08| 2.77481E-08 | 1.14077E-04 | 3.16542E-12
1999 3 157024 | 2.52706E+08| 1.18715E-08 | 1.14077E-04 | 1.35427E-12
Average 2.26722E-12

For neturd gestranamission and digtribution pipdines Tables4 and 5, Show thet the prolshilities; besad onanassumed one-
hour fireduraion, of afirebang presant & any ane-mete’ legh o pipdine6indhesand larger ae86 x 10% and 37 x 10% per
year repedtivdy. These probetiilitiesrepresant threeto four firespar year for 460000 to 490000 km (290000 to 300000 miles)
o gestramamisson pipding and about fivefires par year for 1200000 to 1600000 km (780000 to 1000000 miles) of gesds
tribuion pipdine Seardiing far firesin these detaweas more difficult becausethe fidd “HRE” isnatinduded inthe curant neturd
gestransmisson and didribution pipdine detebese In arder to detaminethe number of firesannuely, thecommart fidd of inc-
dantswith bresks or ruptures of pipesover 6 incheswas seerched for the words “fire’, “bum’” or “expld’ to delemireif afire
o exploson posshly cocured. Thecommentsthusidentified werethen reed to deamineif therewerefdse positivereedings .
e, if wordssuch as* nofirecocured” or “thefire department respondsd” warepresart inthecommeanisfidd Summing the
avarage prabehlitiesfor the pipdinetypes totd annue proelity thet aloresk inapipe 6 indnesar larger will leed to afirewith
one-hour durdtion a any one-meer length of pipeisesimeted to be 3.5 x 102,

Routing Consderations and Example Caculaion of Overd| Probability
Theprabehility thet apipdine breeks and thet afirewill coour as disoussad aboveishdf of theprablem. Thepraetality thet a
cask ispresant whentheloresk oooursmugt lso beconsidered. Thejaint probostillity thet acask will bepresent whenthefire
oooursis




Table 4. Cdculation of Annud Fire Probability for Natural Gas Tranamission Pipdines

Fraction of | Probability of
Number of | Milesof |  Metersof Year Fire | Fireat Location
Year | Large Fires| Pipdine Pipdine Firesm Occurs and Time

1986 1 289958 | 4.66643E+08 | 2.14297E-09 | 1.14077E-04| 2.44463E-13
1987 3 291857 | 4.69699E+08 | 6.38707E-09 | 1.14077E-04| 7.28618E-13
1988 4 288160 | 4.63749E+08 | 8.62535E-09 | 1.14077E-04| 9.83955E-13
1989 3 287926 | 4.63373E+08 | 6.47427E-09 | 1.14077E-04| 7.38566E-13
1990 2 291990 | 4.69913E+08 | 4.2561E-09 |1.14077E-04| 4.85524E-13
1991 3 293862 | 4.72926E+08 | 6.34349E-09 | 1.14077E-04| 7.23647E-13
1992 4 291468 | 4.69073E+08 | 8.52745E-09 | 1.14077E-04| 9.72787E-13
1993 11 293263 | 4.71962E+08 | 2.3307E-08 |1.14077E-04| 2.65879E-12
1994 2 301545 | 4.85291E+08 | 4.12124E-09 {1.14077E-04| 4.70139E-13
1995 4 296947 | 4.77891E+08 | 8.37011E-09 | 1.14077E-04| 9.54838E-13
1996 3 292186 | 4.70229E+08 | 6.37987E-09 | 1.14077E-04| 7.27798E-13
1997 1 294304 | 4.73637E+08 | 2.11132E-09 | 1.14077E-04| 2.40853E-13
1998 6 301700 | 4.85540E+08 | 1.23574E-08 | 1.14077E-04| 1.40969E-12
1999 3 301079 | 4.84541E+08 | 6.19143E-09 | 1.14077E-04| 7.06301E-13

Average 8.60427E-13

Table 5. Cdculation of Annua Fire Probability for Natura Gas Didribution Pipelines

Fractionof | Probability of
Number of | Milesof | Meters of Year Fire | Fireat Location

Year | Large Fires| Pipdine Fipdine Firessm Occurs and Time
1986 5 780401 | 1.25594E+09 | 3.98109E-09 | 1.14077E-04 | 4.54152E-13
1987 8 802335 | 1.29124E+09| 6.19562E-09 | 1.14077E-04 | 7.06778E-13
1988 3 866639 | 1.39472E+09 | 2.15096E-09 | 1.14077E-04 | 2.45376E-13
1989 2 838237 | 1.34901E+09 | 1.48256E-09 | 1.14077E-04 | 1.69127E-13
1990 5 945964 | 1.52238E+09 | 3.28432E-09 | 1.14077E-04 | 3.74666E-13
1991 8 890876 | 1.43373E+09 | 5.57986E-09 | 1.14077E-04 | 6.36534E-13
1992 3 891984 | 1.43551E+09 | 2.08985E-09 | 1.14077E-04 | 2.38404E-13
1993 5 951750 | 1.53170E+09 | 3.26436E-09 | 1.14077E-04 | 3.72388E-13
1994 11 1002669| 1.61364E+09| 6.81688E-09 | 1.14077E-04 | 7.7765E-13
1995 2 1003798| 1.61546E+09| 1.23804E-09 | 1.14077E-04 | 1.41232E-13
1996 4 992860 | 1.59786E+09 | 2.50335E-09 | 1.14077E-04 | 2.85575E-13
1997 6 1002896| 1.61401E+09| 3.71745E-09 | 1.14077E-04 | 4.24076E-13
1998 4 1004373| 1.61638E+09| 2.47466E-09 | 1.14077E-04 | 2.82302E-13
1999 2 1007065| 1.62072E+09| 1.23402E-09 | 1.14077E-04 | 1.40774E-13




Average 3.74931E-13

P careee™ Prve pesrt P e @
where
Prepeer = Theamud praoehllity thet alargefirewill ooour et apadficlocation eong aralroed & agventime
Pea et = Theamnud probedility thet acask will bepresant & the same goadific location dong theright-of-way when
thepipdinefireocours
Thefirg of these prabetilitiesis presanted in the previous ssdion. Many different route modd s mey be conddered to edtimete
the:ssoond probehlity. Onesuchmodd can bergoresarted as

Pea (et — Pos Clocicn P Ctime Pdeim s presat (2)

whae
Pesk loion = Theannudl prabebility thet acask will beat aparticular location dong therailroed.
Peaime = Theamnud probehlity thet acask will beat apaticular location dong theralroed & agventime
Prsire = 1NE YNNIty thet apipdinewill bepresat dong theralroed rigt-of-way.

If thecask isendly likdy to bed any location dang theroute, thefirg of these proboelillities can be esimated from the cask
length, thenumber of casks and theroutelegth

Py = (G lengh)(no. of casks)f(routellengt) €)
Thessoond praehility, Pes, i, CaN beestimeted from maximum dop timea sdingsdang theroute
P ine = (Max. dop ime)/(hoursper year) @)

Thethird pracehlity, Paie e, MY bedetemined by dudiesdf ral lineand pipdinerouting sspresanted bove Notethet this
exarpedossnat indude possble hart-duraion firesthet restsasmoving trains pessapipe bresk.

Asanillutrativeexampled usedf thedata, condder agngedipmat of a5 mlong cask over aroute of 1600 km (1000 miles)
a anavaage pead of 2 kmhr (20 milespar howr). Asumeamaximum sding goptimedf 4 hours From Equaiions(3) and
@,

Pesciasn = (G M)(L cask)/(1600km) = 3.125x 10° ©)

chk_ume :(4}'019/(87%"013 =46x10* (6)
From Table 2 above, themaximum prabetiility for presence of apipdineadjeoat tothetradksis

Prpeire = 0.17 @
Thesemay becombined asshownin Equation (2) dbove

Pospen = (3125x109)(4.6x10%(0.17) =242x 10 ©®
Todaantheovadl jant annud proetlity thet this cask will bedameged by apipdinefire Equetion (1) isused,

Preame =(35x109)(242x10%) =85x 102 ©)

Whaethefirg prabgbility, Py e, iSthesum of the probatllitiestabulated in Tebles3to 5 aoove:

TRAIN ACCIDENTSINVOLVING FIRES

A ssoond categry o fireaoadentsthet could ooour during rall transportation of radicedtive méteridsisfirestiet ooour duning
tran dadlments To edimetethese probehilities datidicskept by the Federd Rallroed Adminidration (FRA) have bean ussd
Theeddidicsareavalddeto the puldic for computer downloed on their web Ste (hitpy//ssfetydatafradot. goviOfficedf Sty

Estimation of Fire Probahilities
Daafor the 10-year pariod betwean 1990 and 1999 have bean usad to edimate the probetallity thet acar carying hezardous
cagowill haveafireresLiting from rdesse of contents Table6 Sonsddacdleted fromthe FRA web ste

Table6was congrudted by fird testing thefidd “ CARSHZD” inthe detabesethet indicateshow many carsrdessad hezard-
ousmaaids(HAZMAT) duing tran acddants Therecardsfor which CARSHZD wesgreter then zaro weareisdlaed, and
thenthe naraive desripions assodiaed with the acd dentswere sserched for thewords“fire”, “bum” and“explo.” Whare
thosewordsocourred, the



Table 6. Railroad Fire Accident Probability

Number of | Number of Totd Total

Hazmat Hazmat Tran Tran Fires per Fires per
Year| Reeases Fires Miles Kilometers Tran Mile Trankm
1990 35 2 6.08837E+08 | 9.79830E+08 | 3.28495E-09 | 2.04117E-09
1991 47 2 5.76835E+08 | 9.28328E+08 | 3.4672E-09 | 2.15441E-09
1992 27 1 5.93704E+08 | 9.55476E+08 | 1.68434E-09 | 1.0466E-09
1993 30 0 6.13974E+08 | 9.88097E+08 0 0
1994 36 2 6.55083E+08 | 1.05426E+09 | 3.05305E-09 | 1.89707E-09
1995 27 2 6.69823E+08 | 1.07798E+09 | 2.98586E-09 | 1.85533E-09
1996 34 1 6.70923E+08 | 1.07975E+09 | 1.49048E-09 | 9.26142E-10
1997 31 1 6.76716E+08 | 1.08907E+09 | 1.47772E-09 | 9.18214E-10
1998 43 0 6.82895E+08 | 1.09902E+09 0 0
1999 42 0 7.12453E+08 | 1.14658E+09 0 0

Totds 11 6.46124E+09 1.03984E+10 1.70246E-09 1.05786E-09

naraiveswereread to assretha afirehed adtudly oocurred. Thisgpproech doesnat indudelocomativefud fires which, be-
caued thecomperatively limited quiertity of fud invalved and digancefrom meet train cars should nat poseadgnificant threet
tocasks Asshowninthetade about onefirepa year over 9x 10°to 1.3 x 10 tran kilomatas (600 to 800 milliontran miley
resdtsinan average ovadl fireprabebiity of 1.1 x 10° per train kilometer traveled. Natethet thetrain didanoestravded arefor
dl ransregadess of whether hezardous cargoes areindudad inthetrain or not. Because o this the prabehilitiesdo nat need to
be adjugted to acoount for thefadt thet sometrains do nat indude hezardous cargoes

Routing Consderations and Example Cdculation of Overal Probability

Aswiththe pipdine dudy, somerouing assumplions are required befare an overdll edimete of the probehlity of atrain fireaoo-
dant duing acask dhipmeant can beevduated. Sady for puposssof illudration, assumethet asngecask isinduded inanor-
melly mixed fréght ranwith l typesof cargo. In uch trains thereisalarge probehillity thet the cask will nat belocated near the
caswherethefirecoours For atypicd 60 ca-length fraght train, assumetet the cask mugt bewithinfive ca-lengths o thefire
to bethreatened diredtly by afirear by propegetion of fire Thus thareare 10 dnencesin 60, ar aprabehlity of 0167, thet if a
fireaoours thecask will beinvalved. For agnge 1600 km (1000 mile) length route, the prabetility of being invdlved inatrain

firewoud be
_ - Posinie™ P e ePranseX (roUtelength) (10
ar, goplying thedsousson aboveand Tele 6
Prescnie = (0.167)(1.1 x 10%(1600) = 29x 107
For longer routesand more casks the prabehllity would incresse proportionetely.

DISCUSSION AND CONCLUSIONS

Ardyssdf pipdineand railroed fire prabetiliieshesled to devel opment of techniques of potentid useto ik andydscongdaing
redicedtive metaidstrangoort. Themethods of prolaetaility and statidtics have been gpplied to devd gp informetion on thelikeli-
hood of rall cask expoauretofires

(1D)

Because o thelow likelihood, but patentidly severetherndl condiions causad by turbulet mixing of axygenintothefiredume,
pipdinefiresfdl into the categary of vay low praelality, high conssquence acadants Such acadantsarenat nomdly induded
innsk asssssmatsbecausethey do nat contribute sgnificantly to thettatd risk. For comparison, the problity of ameteor Sirik-
ing acask heshemn edimeted to beonthe arder of 10*° by Chgpmen|[1]. Chgomen edimates chence of adestrudtive (but not
Bxtindion Levd) impect & asmuch as 10° yr for theearth asawihde The pragllity of driking any paticlar 100t area
(e, thevianity of alceded cask) is 100 it divided by theearth saurface area (5.1x10“ nf) multiplied by 10° yr, whichisgp-




proximatey equel 1o 2x10° par year. Thisdrike prabehility ishigher then the prabetlity leved edimeted ebovefar thejaint prab-
&ality of apipelbresk fireimpinging anacask duing rall trangport.

Bventhelow vaduesfar apipdine bresk fire prabetillities provided ebove have some consavatisminduded. For exanple if a
pipdinerypiuresnesr acask, thejet of buming fluid may paintinadiredtion away from thecask, and many firejeiswill betoo
grdl or of too ot aduraion to cause Sgnificant damege Futhermare, pipdinesnear ralrced rights-of-way areusLaly buried
Thisreducesthe potertid expoaureinral acddants InaNationd Trangportation Sty Board report [2), thethen SataFe
railroed dated thet 55 per cart of its 5300 km (3300 mile) pipdine nework wsingaled aong ralroed nght-of-way, and thet in
aZ3yea paiodwith 121 train derallmants no pipdine damegewas expaiancal If such factarsareinduded, the pipdinefire
rik isreduced even further.

Thepipdinefire prabehlities are besed on aane-hour fireduration assumption. If alonger or harter fireduration isassumed, the
prabehiliiessce upward o downward proportionately, but because of theexdramdy low overdl praoetillity of oocurence the
effet ontatd rik inatypicd risk andysswould likey beundetedzble

Theesimeedf thefradion of pipdinesneer ralroed tracks presanted above was besed on limited iffamretion from the Sate of
Texas AstheNationd Fpdine Mapping Sarvice (hifp/Avww.npmsrgpadotgov) completesits databese, detawill become
avalabetoimprovetheeedimetesthrough the use of Geogrgphic Infammetion Systamsthet compare netiowide pipdineand
ral liremgps

For traintrangoartation, the prakoetillity of ahezardous metaidsfire assuming afraght trainwith anommd mix of cargoes ishigh
enough to be consdarad in trangportation ik assessmants For ansk assessmatt, additiond informeation such asthedidribuiion
o fireduration, the patentid for car-to-car propegetion of fire, and the prakoetallity thet afirewill beintenseenough to causedam:
agemue dso beconsdered.

Bath tark-car qallsand terk-car rdief-vavefires can poseatirest to casks but alocd pod firemay nat engulf thecask, anda
rdiel-vavefirejet may nat bedirected toward the cask surfaces Themost commonly feared ralroed acadant, the Bailing Lic
ud Expending Vapor Expdlason o BLEVE, invdving theexplosverdessedf aliquid petrdeum product such aspropaneisof
vay st durdion. For thisreeson, aBLEVE isnat likdy to themmelly damegeacask. Campleterisk dudieswould ke effeds
uch astheseinto aooourt.
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