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 ABSTRACT

The. fonnulatlon of effectnré safety measures to counteract the. potential for .
'_dlsastet presented by the transportataon uf hazardous matena!s r,equares that
- reliable data is available 4 to the nature and extent of Such traffic. Such data is
'currently unavm[abje and a; roadsuie interview sixrvay was conducted inf the
PWV arsa in order 0 ascertam the- qaanntles and type of; materzal hemg_::"
-_3_-: transporteci Iocally, the" routes used the types of vetncles aﬂ‘ﬂ cuntamersﬁ_

_;;nvnlved and’ cumpl}anca wnh exxstmg regulatmns It was fmmd that of the
.- 1068 vehicles surveyed éarrymg hazardous material, -only 22% fully. complied
with e ex.tstmg leg:slauon

;.‘.:A mk assessment madel for use by both operators and’ authonnes i then‘_"
'_daveioped in which the, survey 'i_s mput to determme the least nsk route
:__,hetween Jnhannesburg and Sasolburg ' T
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") The transportanon of hazardmls materials on rbﬂmads of Souqx Afrma presents specna!'_

pw s from the standpqmt of safety, “not because the mrobabﬂstg of accndents s
N Ce v grea e but bwausame re,sults of such may bs far mom severe ﬂi’hﬁmose of the more__
B fj e T usua! type of accxdent ' - y

e : churate statlstlcs on the numbez‘ of accidents m Sonth Aﬁ'lca anvoiving vehxcles!_
O o < rrymg hazardous mater:als are unavaljable. However, studles undertakeﬁ hy the
‘ Umtedg&gates Depaﬂment of 'I‘:anspdn (1yin 1971‘ Emmd that less: than G, 1 ‘per cent of .

ths totai trafﬁe death wll was a{tnbntable tu the trans;mrtanon of hazardous matenais

Bl SRR Py : :ﬂle poss1hle oonsequemes uf such mcu:lents ghbuld nob, however he- vlewed solely m'
S . terms'of hnman lee Factozs such as’ env;rﬁ’hmental pollutiqn and: pr()pem }damage are’y;"_:
a.lso pertinent tssuw, as 1s the potentlal fo; chaos brought about hy the possgble need ta'_ =
o | evacnate \ghole commtmit:es mcertam mstances S '
| B Accxdent rzsk due to rhe transportamn of such m "i s'is an 1?herent problem and"
Sauth Afmca has sg,far l\‘een fortanate m not havm “heen. e;posed t ady majﬁr;_-'--.

o R

WOUId aplﬂgar 16°be 2 minor one.. Accz:iépt probabihty is relateid to exposure, and- thg__.__'_
e case of hazardous cargues is no exceptmu Publxe concem, thougg, hashean fueled by :.- -
NN i o \‘J the much pub}icxsed mcxdents un Vau Resnen s and Ma_]uba Passes i 1987 anrl such_ )
I P feam need 1o beallayed Lt e T e e
o Up wt‘l July 1937 only two classes of hazardaus substances were cOntroIIed hy South i
. Affican 1aw, these being exploswes and radio-dctive materials, The transportation of
f!ammable hqulds in-most areas are subject tcr Mumc;pal by-laws but these regulatmns
1acked umfonmiyaswelias clanty R

WL

- B L o o ' R”egulatlons goderning the conveyance of dangefous commodmes, cther thaﬁ bxplomve' .
T "- and radio active ones, were publishad in the Govargment Gazétte No.' 10818 on 10th
July 1987 after some 10 years of dellberatlon.s These i?eguiatxons co‘ver such aspgcts as .
labellmg, drwer ﬁtness trammg and the reportmg of accldents s o

T i
LI :

The Govemments poi:cy mf transport deregulanon w:ll ailow more operaters tcs -
dzfﬂcnlt to trace and thus train in the proper handlmg of. Hazardous mater;als Smce -

dg-egulatmn i this United, States the number of trucking compames increased by &1 _' )
per cent hetween 1980 and 1985 and is stnll gmwmg (2) There isno reason 0 thmk :

g e f/ B

inclﬁents ﬁqwem, in reIaqm to toral accldent costs’ due to generai transportanon it

become mvo!ved in the. bandling of hazardous substances. Such operators may be"-_’._
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ﬂmt ihe s:tuatxon will, be any drfferent in South Afgca Deregulanon tends to- foster
" fie erge competitmn, and ‘ong reslt could cleariy be. neglect in mamtammyaéty ’I‘o
' ﬁompound t?sis, soma safety experts argvze that temptatlons 1o eut corpers on. safe:ty ara

s attractwe due to the far:t that enfon.ement is hkely fo he@wnmstent and the pruposed

: 'penaltles fér ir%ﬁnngement are relauvely lsght A - o e

e
- R . : w T L . : . e

' N New chelmcals are hecormng more complex and potentially more dangerous every yeat

. and are being gengrated at an actelegpted pace. Approximately 700 substances are -
": covergl,hy tha new. regulauuns, whllst the Port Authontynof New York USA Hszmat
) RegﬁauOM Manual has rec_orded over 500 new entnes smce the Bophal mcident in-

n.ow .
RS W

Iu br_der that a aemmunlty can assess the porennaj*rnsk and prepare nself to d”ea! with
) the emergenttbs whlch r&sult fronf yehu_:lil_ar uccidents mvolvmg these materia}s it is
: llﬂpﬁmtl% that ﬂ-‘le What, where and how of hazardous substance transportarmn be )

L

._],‘l X . Lo .

The methodology a.dopte.d for the study centred araund a pramcal appmach in whw.h
phy&mal surveys were pndertaken rather thaffrelymg on exlsﬁng resourc&k, whlch wm
potentzally unrehabla and far from cq;uplete v : s

Tha pro;ect report has been dmged into four sechons namely. L ST 3

Secuon ?. '-”'.':_.'-.3'-:_':'mdellihg ofﬂows. S _' '; BRI IRE DR R
'_Rlsk‘Assessment Model I T VA

S&Cﬂﬂn4 “ Overa][ ancluslons ) . X - e .' __.ﬂ:

: -ﬂ! L

o Sectlon 1 documents the stady goals, methodulogy and mltaal ﬁndmgs cf ﬁie suweys, _ |
mcludmg the level of comphance \mth t.ha regulatmns : -k _ o

: Mo
B ‘= . i

Semon 2 documents the cunstmcnon ot‘ a eumputer model of the stucly area the
presentatnon of orzgmiﬂesnnatiélq matnces and the graph;cat production ofa network of

| ‘routes mdlcatmg the ﬂow rates ot‘ such hazardous commod:tles along i’ 38 routes. L
Iu Sectron 3 a medel 1s dev&lnped Wthh w:!l as&ess on a rat:onal ha:ns the rxsk of a
speclﬁc Largo ona speclﬁc route, _The data requlrements fo the model are mmama}
* thus allowing - both smaller communmes and transporters to determme the l‘lsk.
asSbc:ated with 2 route Wlth relative gase, ' o '

s






""-'_"_..:_Tlae goal of the pmjéct was to prowdei a data hase on the movemeut« of hazardous L

| cargo&n ot the roails of the PW aresd

L
R

Q. of veh:cle bamg used
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: _'._i_dénffﬁitﬁé fynem*quaﬁtsts of-,niﬁreriéss beng wpoed.

r;-'

ii_,’--_-_ _-: :Ascertam the methods of oontamment and[or packagmg as weﬁ as the types

I

'"-"'-'"_'i"‘.;-"_'---;-'_'Bstabhsh the orlgm and destixzatmn ef the dffferent matenais bemg

3 f'transported

L _;_f - '_"jTE%t the comphance and effectweness of“‘cm:rent regulatmns as. per
o :._';Govemment Gazett&R1462 of 10 .Tuly f937 "
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1 a TheCentral Axeas of Ichannesburg and Piefofih_.: . o

"_“5'_ il>

i :',I'hxs area contai ns ult

i L

o 3nsxstec1 of the grea er PWV area extendlﬂg from Zambezl Df;,vs- ﬂn
. the 'ﬁdrcheﬁi' omsx', '

o, Theseareas have the greatest .c_qnc_ent

i IndustrialfCommercIal Corndors ) '

Major Town C‘-ntres Oatsma rhe Cent& ea J

Ty

3

_t'.r-_-
@

-__.»

ation ﬁf foigés anﬂ Eﬁtazl outlets :

L w

b Ut _Q.

'l:beaé areas aia retaumg and ofﬁce ce‘qtres, pnncxpally wvn‘i’g the naeds of

s the suhurbs although some also servll;a wider national or mternatlonal mfe
The centres are also related to major

ad and raﬂ !mks

As 'noted earhegr, the study focused on. tixe PWV araa The reas@n fox this is that the'
o major mdustraﬁ and commemal centres together with hlgh dexmlues of populatiogs ,are

b !ucated in thls__ j‘.ea A majonty oi‘the majbr mte:—urban lmks are surromdad by ma}or E

a 'i a, A ma_;ority ofth major mter m:ban Imks m:e surrnundcd by major
o g@veiopments thuij mcreasmg the ex) sure to amaJor mcident” A

Thuse areas oontam sxgnificant conce{trataons of‘%nanufactutlng mdustries anrr

alhed actwitxes such a8 Sasolburg, | Vanderhul Parl: Spartan, Isando, L
- Germiston, Modderfomem and Industna “The corr:c s are  served by maJor
transport routes (rcads and razlway) : e

n

@ _3¥ Coal
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Mldrand'f“ : Tt g
R :ﬂi_gh'_j')pns}'ty_'kgsidbﬁtial -'Be{vél_c:pmems»}. [ L o

e Tbese satelizte tha mz;ior town centres and mclude such townships as Sowg,eto
' and'l‘bmblsa. D e e SR

B s .:; \&S én- ha seen m Flgure ; the whole area is wel! develcped and prcsents a number ofc
S e T ﬁpblema» to the transportatmn engmeer in terms of hazardous materlal 3l-CIdent
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| pubhshed by the CHEMSA magazme in 1982 achleved a ml retum. N _' Lot

. {j_b

'As staféd 1;1 the introduction, the basnc "_0_"_ 5

- _—

practzcal approach, o

El Co AT,
ca

Ln:mt *mformanon ’With respec;t to orlgm and destmatmn and chemlcals moved could |

be ohtamed from certain responsible chenucal and uxl compames but nm general
response rates o mformatnon su:vegs are low. A requesn: for sur;hmformatmn was

g

To date no prevzous work has ever measured the extent of the mnvement of ﬂme .

hazalﬂous commodmas on the. roads of South Afrma Prev;ous work on the sub;ect héd

re!ied on mformatmn tendﬁ’ed by mdustry which has largely been incomplete and\
s, ocific bécause of such-factors as  the “woknown number of smaller operamrs
involved and the restrlctxon n.of mfﬁrmanan cuncemmg stratsgic matenafk such as ﬁwis. A

. - : S oy . -

However, one nf the objectwes of the Studj was to test compl:ance with the recently

_ mr.fbduced Ieglslatxon “The only way 1o accurately detgnnme tha compl:ance was to
i‘htercept these veh:cles b}' tneans uf e roadsm&e mterwew 'ﬁ ' ! 3

Once the methOd ".data collecnon had been dﬁc‘de‘i upon, there arose the problem of o
where to sme" Thm ara thollﬁallds of routes withm the Sfudy Area all of which

R _However owmg to the mcreased traval costs on urban routes, operators tend fo. keep .

. 16, the mq]or routes. With this 1 in mmda & coarse network: of rotr o8 'Was 1dent1fed
wh?ich the. major chenuca] mdustnal areas were supenmpnsed on the network

-\

o

kn order to’ mtercept the. Intemal~1ntema1 and the Intemal—ExternaI movements .y
_ roadslde mtemew stations were p]aced at the ‘major -access. points to the mdustrial
o centres of Mﬁdderfontsm; Chloorkop, Saso]burg and Industrla. o o

o

'I'a sample t.he External»External ;and the External~lnternai movements, . roadsule
mtemew statxons Were: placed an maJOI mutes known to be frequented by vehicles
carrymg hazarduus chemlcals e -

!
'_‘_‘] . ;.ﬂ;

me the abovz it can he deduced that the samplmg process was m fact biasod ag a |

i ‘of the Study was fo take a

 random sampling procedure could have selected. routes whxch carey Ilttle or no SRR

hazardousmaterial S _- o SR N
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3 In addltion 10 J:he roadude mterviews, manual classxficatmn counrs were made in order o
o 10 dg termme the. composxtion dof trafﬁc on the. routes and also t0 provide contri:l totals Q.
.':..sa that estxmates eoufd be made of the tota! number of véhwfé:s carrymg hazardous _-;

""_'_-matenal in an?r gwm nux of traff' BL B - S

o

R o .

Rnadsida mtemaws ‘and manual ciasmficanuns aWEfe conducted 2’13 pomts‘ Tha =
posmons of tha roadside mtervnew stat:ons are detailed m Table ioand illusttated t}n .

e e
P

In additxon 10 tBese: 13 statmn&, thrcs addntmnai manual cla.ss;ficatmns were made
7 where the gype’ nf vehxcle and Umted’ Natmns Hazchem ‘umber dispiayed were'
) - ,ew,dgd A.t these three statmns, roadsxde mterv:ews should have been conducted, but ;

:_@wing to road rehabllitation and the vo]ume of traﬂ‘c usmg the ruutes the madside
e mtemew techmque became impoSmble on the grounds of safety ﬂ‘ -

,;\ . U@ .

" o | ;1113 roadmde mter;vnews and manual cIassnficatmns were undertaken on a "Ilght to
o dark” bas:s wh:ch appruxmzates to 06110{} to- IShOU a 12 hour penod Ail statsmns 0
. '.'Wlth the excepnon of Stat:an @were conducted durmg these t;mes. AR

" ':-.At Statmn 5 on the ,R41 near Rogdepoort permlsswn cou!d Gniy be gam%d durmg the -
| _off-peak Pl’lOd as it was necessary to close 8 Iane in each cﬁkectlon 16 facxhtate the
mtamewxhg. e a. e T

s Wlﬂ1 the assistance of the« iocal trafﬁc authorltles, traffc in hot.h dxfecuons was
-'-__-sampled S e ' '

Soe Fls
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 'The data collected from each sirveyed truck carryinj /a hazardous material ii_léiﬁ'_d_ed':f oy

W Bmergen%’ Acmm Code dlsplayad

R United Nations Substance Nugber d;sp]ayﬂd T B

S vl N hee of sides of vehicle hazardous signs disxﬂaxed LT
ix Poéttionmg, ﬁxmg, condmons ufslgﬂs : e -

X © Availability,of delivery documentatwnn g P
'xi.ﬂ ' Slll?ﬁéheg)'s carried, « L

- :_;iv;j_g oK Date of drivet s last medical exaxrunatlon. -
DRV . _f- Date of trasmng to handle. substance camed‘ Lo e
-"'_xvi . Avilability of Tremcard or other mformatlon of product carned

| A p'_l_‘oft')_'rmé of_thé Qﬁestibﬁriaii'a uéad _is"_‘j'slim\?n in Appendlx A SR, ;

The suwey was undertaken i, the mad—mek penod e, -_ _'I‘uesday, Wednesday ur N
’I‘hursday These were co:;.s:dered as average days thug Moidmg the: large““ﬂzrectmnai“ 5
trafﬁc between the ma,;or centres wh:ch tends to occur on the ﬁrst and }ast days of the. i

ﬁu .

: e . .. L X :. : T
’ S

(. ._Destmatmn oftrlp L T
v Meﬂwdf of contamment (tank, dmm, nylmder, bag)

'-1137__

.....

-._._.'_HaZchem tabel dlsplayed - .

Rp

i P T .

it Quimtlty of hazardous materlals carr:ad hy type. :'_ -
it )avaliabxllty efascale card. o i L

L Jw' .
'h'.'—-/f
”.;.f .

xw:, Dxrechon of travei SRR ey

i @

: ,.' - KR PR S . o ‘L)

Iﬂ addxtlon to the above, the drwer was requested to plot the route used enahtmg an |

netwark qf routes used to be defined

I’f

de - AR R

’Hle co:np{etad questmnnmtes were capturﬁd on e cemputer a.q;i mampulated usmg
the pmgrams ‘Gensral Survey Analyms ngram (GASP) (4) and MINITRA\JP (5)
The results are presented m a graph:cal and tabular manner



'I‘I‘e x*esults Dt' the analys:s af the truck survey data are dxvided Into four e!emcnts

v ok

B
Samglestaust:cs, . P T e T e T
T e Method ofconta:mnent R » R GRS
NS 'S’Q‘_“%ances and quantities trauspoﬂed S T SRR

Compiiance wnh fegu!atlons

.. ‘7_ q label‘lng . EE e P I R T ..

- _":‘At the 13 waﬂkxde ___temew statmns, l95i9 trucks were suweyed oﬁwhxch 1068 were'

: -:_-_found o be ‘catrying hazardous substances. Of these 86% wers found’ to cary

- . ._g';sufﬁcxent quantity of hazarcieus material to. meet the c}ltrent regulations puhhshed m '
e ._."-the Govemmsnt Gazetteuf IBth }lﬂy 1087 ey

AL

.;' ' '_In terms of the composmon of th§ total traff?c the percentage of vehﬁ%‘fes carr?mg"'ﬁi':__
. S hazardous matenals vaned frcu’i 0 07% to 24% dependent on the Iocatlon of the_“
S : _'--'statlon L S e ” L
o '“I‘he results fmm each of the stat:ons can be seen in Table 2 The station w1th thef..'_-"'.a -
-Iughest concentratian of hazardous. vehi*cle traﬂ"ic was- Stat:on 16 whxch was situated on--"-" L
. the: N3 hetween Gﬂlmﬁys and Geldéhhuns mterchanges whare» 283 vehlcles canymg:
C hazardous matenals were r’ecnrded betweeu UﬁhOO and 1sho\} : SR
L Cons;derable research has baen undertaken by the Vehxcle Safety Sectton of the NITRR
. o ___.3mm the satety of ﬁmculawd vehlcles against rigid vahtcies In terms -of the type of’ :
' _-'_vehwhe useﬂ o tmnsport hazardous materlals 1t can be seen m Table 2 that the*u@
- '_artlcnlated vehrcle acccunﬁs for ‘?9% of the total veh:clus used 21%; were ﬁgld
» _Vehlcles and 12% of vehlcles carrymg hazardous matenals also had a "pup trzuler, St
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o serxous consequences on the magmtude of an i,nc;dent However,;only snbstances -
carrled ina tank cantalmng ‘miore t%an 500 htres are reqmred to comply thh’lthe'
" ?hazardc}us matenals regulatmus The classxﬁcation of the method oi" contamment Lvas S
dwnded into four cate_gones, namely tank dmm, cylmder and bag s

S The method m whlch 2 haza,rdous matenal as contamed whust bemg transportad has_.; B

o

. Table 3 Ehcrws the meﬂmd of mntammmit gf hazardous materiai vehzcles at, each of tha' -
..’mads‘de mtervxew stanons ERR T S :\ DD

It can be seen that 86% of haza.rdous matenals were camed m a tank 9% in cylinders,-

i.'»'-'

:...Some dlfficulty was experlenced in deﬁmng whether the matena]b camed ﬁl'gs n fﬂct'-_" T
'_ _hﬁzafdﬂﬂ-“!, especxally 'u-.the case of matema!s contamed in bags )

A great vanety of hazardous ngwterlzils are transported through the PWV on a ﬁaﬂy'_f o
B .._basis, _these mclude fuéls, soIvents ‘ubncants cormsnves, 8 ammm:ile 12 dw-acnve aid
”'.""_:_"-'--'Bxploswe suhstances For clarzty, -the suhstances Were placed into the followmg .
L "categorxes’ : = _ 5

-iﬁémaﬁleliqﬁid- U
Flammable Sohd
Flammable Gds
'Pmscm Gas.
Compressed Gas
.:POISO]'I i _:f’._
"Corroswe o (

Organic _Pew_xnde. ,

.Oxidising Agent .

Dangeraus whenwet e __
'_Spnmaneously mmbustlble."- o
_Other hazards :

-1._5 :
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"-"ot coverad“ was made which o

. refers to quantmes of hazardous matenals whlch ae 1o nequtted to comply witthe
o _‘reqmmments of the, Hazarduus Substances Act {97§ (Act 15 ofy L
| "_regulanom govenit the conveyance of hazaxdous @bstﬁrnces by road tatker and W
pubhshed in the Government Gazette of 10t July. 1;9&7 “The reguijations state that T

quantlties of less than 500 htras it 2 gmgle comparﬁinent ate ot riﬁuu‘ed fo compl:,r R

“This categary was foulul sobe. made up mamly ﬁf cylmders of quid and weldingi_:‘_.. |
gases These cylmders typically qontam approx:mafely 10 kgs gas eahh L L

Table 4 shows the varxous categones of material at each statian L SR
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~ . d PoisonGas" © - ..k Spontanepusty Cambustnble
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S ..fPonsm ' o NotCovered_ '
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S Mammable Mouid - (S
*‘mmme's&,na- N
R : F]ammable(}as_:- .

‘Poleon Gas §
f‘ompressed Ga.a'
A S Polaon e
PR Drgmio Peroxide’ | R |

. Oxidizing Agerit AN 4 -
Dmgerous when wet [~ ..
Sbont&nemsly Comb, 2§ .
o7 other Hakaardg""_ TR B

ER Nﬂt GOYEI'Q'ZI:': TS

T
<+

1‘.

: SR B . : L . .

B - ' As noted in ?he. study mathodolbgy, the selactmn of fhe intemew stancms was made m
) ' . -order to rawew the maximum number of vehlcl‘bs 'I‘he selectmn Was mmfom not.

L L T L T I R
e 31n & dase uch as this whers ‘hm '”‘a"k"f“"“"“’ dotled Knowledsof e W’m
o L '_ o " system, a theoretical approach to the calculat%on of the hlas of the esttmate may ba R
: SR o - . precluded. ‘I‘hereﬁ)re in order to verlfjl the’ estlmates, 2 "Javkﬂhﬂfc“ fﬁ) typenanalyﬁls L
e haduo be unlertakén, Jackknife methods provids direct numericgl approximations of
e 7 bias and cah give reasonsbly fetiable conﬁdencﬁp limits. The stftdard Jacklﬂufe-: !
o o g o .proeedure that was used in this analysls is related to certan theoretical chmactemstzcs. '
Sl et ofestimators, including the ‘influence function familiar in robust estimation ; this -
e T retation feads to useful generalisations and variants of the standard jackkmfe. The .
oL Jackkmfe nsarelanve of cruss-vahdatmn and of various nnnparametrxc modets C

R I



- a W e . . L

o o L fn basu: terms, tl*g: techn;gua as. used n this apphcation ;hecks-me seusuivitruf rhe'__
ATt ] _resu!tg 1o the’ omiggi fon of one survey statmn, in this way 4 bias produced by 4 smgla' o
station. can be, 1cfén‘tlf‘ed ‘A detiiled deseription. of  the technigue Is- given Tn -

B - “ n -j-"'Appendnx C“ The ‘and of results produced by this techmque is shoWﬁ in F:gure 4 ancl_ '-;j

BN S "'-.1t canbesaenthattheremltsnbtamed aracahmgtant. - T T
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- h\el tankers on tha roads

i

BN

0

* Flamrsable iquwid NN
' Flammabla Solid .« .
- Flagmadle Gas Bl 2
. Polson Gua- M2
Cumpressed Cas N
' Poison R
Corrosive e L
Drganic Paro:!de
oxidizing Agent
Dangefous whoen wet.
Spontaneous!y_ Cotab, |
7 Other Hazards &

[

; Nc;i7 Covered T S .
S0 10 . 20 . so

_ I
Percentage (%)

T



Asmmed earher in this report, regulatmns cOVering the transportatmn by road ot‘ over __
5{?0 litres in & smgle vehieie cane into ferce on thé 10th July 1987 covermg sut.h 1tems ¢
as\\‘labeilmg, drfver fi tness and traming antl reporting of acetdents BT

kY

o At the madslde mtawiaw statlons, all vehxcles vcarrymg suff‘clent quantltnes of
hazardous matenal to warrant comphance w;th the existmg regulatmns ware checked

fur comphance on four ztems

. Driver tralong,wad <

“iv, . 'The possession of a Hazchem scale card and/or product information, - .

In the event of a collisioh or leakage of a *hazardoys substance, major delays’ have been. .
experieﬁceﬂ as the result uﬂ the Emergeecy Service 5 inabmty mmrrecﬂy determme '
the substances involved. Inappropriate actmn on the part of these services has'in some
cases escalateg tha pbtentlal hgzard

N 0
,,u- o :

The regulatmns reqmred wehicies, that carry over 500 Irtres uf hazarglons substance, to’
be labelled on'thres sxdes of the veh:cla (on& on sach mde and one at the rear), Each, ©

- Tabel conveys four 1tems ef information - UN substgnce number Hazchem emerganey
code, Internatlonal warmng dlamond, and contact ’telgghone number

Eaeh vehicie mtervnewed Was inslzected for pnsuiumng of label method ef ﬂxing, s
condmon and validuy ofmformaﬁon displayed. - : e L



_ lef'cultws were experxenced m 1dent.fymg certain suhsmnces as: manufactumts tended. |
to use trade names Or m—house code numbers to ldentify their products on, tha del}VGf!I

documenm. ”"he questioni{ng of dnvers pmved ﬂ'mtless, as a majarxty of drwers had no :
idea what substances s they wre carrying. |

o

-'Appmximately 11% of’ Veh:cles whq were requamd to. complv w:th the regu!atnons:
f__dxsplayed no laheilmg at all ' SR ._

_' The mformatmn dnspmyed o-: the Iabels was Chﬂukﬂd agamst tha substance using the __
c:ompi‘xfer pmgram HAZDATA(‘?) whlch 1“ a hazardous matetiaf data ]qasa developed
 bya local transportation training company

Wit respest to-the United Nations (UN) substance number it was foundv that 3% of
;"___‘velﬂcles d:splaying é label had incorrect UN mumbers for the substances carried

_'_.j.*f_h_'The Emcrgency Actzon Code uSed by thc f‘ ire bngade to identlfy the correct techmqua':
- .to.be used 0 contdin. the mcldent was"founid fo' Be. incorrect-on II% of “vehicles:
= .'d1§playing labels, _ '

Al vehlcles carrymg hazarﬂaus m}gpnals were mspected for correct nunsber of 1abels L
X dnsplayed posmonmg, ﬁxmg und gex;e.ral condmon of labels g S

PR
=

"_Tha mtemewers were mstmcted to make a note of %he vehxc!e if th'p mformati‘on_ L
contamed on the Iabels was not leglbla at close mspecnon. S D o

_-'Tbe m;lfhod hy 'wmhh thé labels ‘”ifere ﬁxe& "to the""vehxcl'éa'z also ralsed some concern, s
" Vehlclgs werg inspected where,the iabels were "ﬂappmg in the wind" af "attached bY a
_ plece of Sellotape" or tha mfurmauon wr:tten m thn pen" ST

_:' 48 % o_f \'.r_e'h_ic_les' 'w'are f@und :_té he defe_ct'ivé'_.bn“at léast one o_f-'me_a_ above accounts. - -

@, e



442 - DiiveFmes

. Drivérs were questioned as to when they last underwent a fmedical examination, as the =
- cugrent regulations require that a deiver is @xdmiﬁéé‘fgy:a-medical practitioner -every,
- .'The current regulations make 'io- provision however for the driver to carry any
* documenttion to prove the date given as being yalid, As @ result of this soine drivers
- inay have given incorrect information: e 0l o0

__‘_;"Ih‘e "intgrix'i_eWei.-._ noted wﬁeﬂ_fer _'ﬂ;e_exgrninatiph _h'at_i‘_'qgcﬁrfed '_witﬁin the last 3, 6, 120
‘over 12 mouths. This classification was made in order to determine which- companies -
aré examining drivers on a tegular basis and those who.examine only to comply with

the regulations.
The distribution of medical examinations undergone by the ddivers of hazardous
veicles is shoiwn in Figare 6.

Lo 8. 8T T a0 ovERpz
UL Exontned within

 84% of drivers indicated that they ki besn examinéd by a medical practitioner withln
" the last 12 months, with 43% of these examined within the last thrée months, . o
A total of 16% of drivers indicated that they had either nover been examined or weré

" examined over 12 months ag_'o._'-" .



I the event of an incident, untit the emesgency services.arrive, the only petson with =
- any knowladge of the potential hazard is the driver. Improper action on the part of the - . -
;.: .._._d?iver _cg_n._.:expdse a large pmpomonof the Poptllatlon -at rxsk, . th - re it_"i;'.iiﬁlberativé. ;
. -that the propér steps aféfﬁaken on qri"éftr?iﬁiﬂg in order 1o reduce the ﬁsk;. R =

 The regalatons pubiished in the Goyerament Garett of 11th Yanuary 1985 made -

 provision for pratical training with regard to the safs handling of a road tanker

B

_conveying various hazardous substances in a single consignment and action and steps -
“{o b taken in the évﬁ‘dlt'__df an accident or 'brgakdown..: . B o

S-S
W

el

o

- tegul él:fon_ 1-0(1); (bﬁ) .\(i'i_i) in- which it sfates _t'hét'th@fc‘arrier should ensure that the dfiver , - .

" of a wehiclo "is aware of and has'ageess to information supplied by the consignor of

such- grouped '_,,ha'ziirdqu"s? sﬁb's.tance;‘_ :péi‘_tﬁin_ipg .'t_é“""ﬂiese\_._;e"glﬂal:_ipn's .'ﬁfl_c_[a_:tb_ﬁ;asﬁe'ct_s{ RS

* cofcernin the safe handling of the specific grouped hazardous substance or substances
~being conveyed”, - S S S
+In :_Qrder-'tb determine the distribution of driver training, drivers were asked to indicate
 whahey underwet  Bezrdous el g i couse, © .

. (K3

T,

'~ 'The distribution of drivef training can be Seen in Figure 7.

.

. Exaioined within .
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;Qverall Cnmg!lang; l'f’_ilh g s @

i _._-_79% Uf drlvers Indlcal:ed that they had l;»;&celved trafnmg w:thm the last 12 months, of
o these 32% tad attended a trammg course ‘within the- Tast three. monﬂrs 24% of drwers-”-i"_:l_
B ._conceded that fhey had not reueiveci smy trammg or the. course was undertaken over 12
monthsa.,o - A et s

s

Only 22% of vehzcles wlnch were transpmﬁng sufﬁcient quantltaes of hazardoﬂs"":-:_'....
matena! to reqmre comphauce w:th the current regulatsons comphed on all accounts a:__f

c'- L - g @
T o ’ ir

. | Of the veluc}es which ware nut quulred to comply gs the tjuantaty carried ’ivas P&.s ﬂ] an .-
P 500 Iltres m a s:ng!e tank, very Ilttle attempt appears to have beah made 10 pmteet -
L f_-elt.her the publlc or the operators mvestment by ensurmg drwer ﬁmess and pmper'



"'-_The G iults of the survey of t{;e 16 statmns have :dennfled a numher of important

',ISSEJE) i

. li L

;-In terms. of the tutal VBthlllal‘ ﬂows on tba ma_;or routes, the percentage of vehlcles L
carrying haza.rduus substances is. reiatweiy low in cofnparison” with first, world -

experience. A va]’\’ta of apﬁroxlmate!y 13% 1s eXperlenced in the Umted Stites of
: A.mfsraca, whereas tl'ns study found that the mmposxtlon Vﬂl‘ied between 0, o7 and 7 4% L

: dependent on Iocation quever! this shoufd not demgrate thes requxrernent for safety'.- . |

_'_measures a8 an. accldent mveiymg i vehtcle carrymg hazardoua substances tendq\ tobe. ..

.. iow pmbabahty but hngh consequence mmdent

_._‘I'he relatwely Iow numbec ufﬁvehlcles cartymg hazardous substances should alsy not.

résult in a Iack of mterest by the camers in ensurmg proper safety procedures whlch

are plamly av:dent from the reSults of tha roadsxﬂe mtemews R LR

= R

'_:;T‘he current reguiatlons, by frst world standards, can be considered as being Very !ax

: of'fermg the mmm:lum protection to the general pubhc By takmg mw conmderatmn aﬂ; a
the aspects cnvered by- the ex:stmg legaslation only 22% of veh'icles requlred ta. comgly e

w:ﬂ; the exlstmg regulation actually comphad Th:s ls an aﬁtremely low complxanca o
ratewhnch may hawe reqsulted from two factors, IR S o

W

o ?L=t_hef-resuﬁ!aﬁoné;b'éin_afuncl'ea'r. ant Embiéi;l.dus to the operator, and
W m lack ot énorin

'Although tha regulatlons ﬁave been critipized- by the' trans;mrt industry ‘as being- -
difficult tq understand, the regulations are however clear on a numbeg of dssues which |
a large Ql‘ﬂportmn of operators have failed 10 comply thh, R T .



1% enforeement of the regulatiens presents 4 difficult prohlem for the authdrities. The
.__':_traff' e authontms are presently under—manned and the recogmtlon of a Speciﬁc
- sﬂbstance as found in thls study is dxfﬁcuit as manufacturers teud 0 use trade names to---_._-_
: 'lnformatmn on tha labe]s can be tcdlous un]ess computer faclhtles are avaliable Noi’ul
) -mformauon to prove compllance on such issuesﬂ’ as. dnver traimng and medmat__ _

o _exammatmbs need be carried and,“ experience at the dlfferent sMEvEy staucns showedf._”’-g a

' '_'_that drwers Ieam to, gay. the: “right thing", especnally with respect to training and .
medxcal exammations "
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;e I 0 DU‘C o .

'Tlns, the s ond secnon n{" the raport, outlines the: methodolugy employed i the "
?-Jmodellmg and ewaluatmn ‘of a network of ruutes used by. vehicles carrying hazardous
substagess..

S

Thxssectioﬂls»dﬁadedmtetwolsans, Hagely - o0

. b H

(A Netwark Deseription,

o

a7 Assigmment,




| The 1mtial stage ot‘ the network description wis to deﬁna a suitable zomng sysfem ancl' .

' to code the assoclated road network. Wﬁerever appmpnate, the Study. Are§ boundaries

| .were made ca~incidental cn major admlmstrative boundasies and/or the JOMET mad
- network in order to faclhtate the provxsmn of i lnput data and the Identif' catmn 5 f output_ -
o summanes : : L

Iourneys wnth ongms (or ciestmatmns) ouss:de nf tha Study Area boundmy were.' i

L :-alfocate.d 0 a 11umber ©of much Iargq external zones The advantage of using external -
‘zones is that’ 1f a coarse sxternal ncrwork is used, the possnbﬂlty of long distance o

jstrategxc traft‘ ¢ dwemng to altematwe mutes cdn. be assessed S UL e B
- The ma'iin'critér_ia'ﬁ_séd_iﬁiieﬁning ﬂiée;_zbnw ‘ii'as: EEE

o i ’I‘he s:ze of the zones should be canslstent wfth the popuiaﬁon densxty of tha o
o _-modelled network . :‘-; e e s

: i '_ Zcmes shouid ot be larger t.han lsenecassary o allow trafﬁc 0 be loaded onf' =
FRRS 'the transpnrt network w:th adeuuate accuracy PR

’ m | Boundanes should he drawn to mclude, wherew 'psslble, consxstent types
R of deVeIopmenl wnth aach zone (eg reszdantial iny 'ustnal etc) IR

i w e Z’o_pé_s sh'_puld'nbt_ _ognt}iiin w_ell.'_ spac_e'd oui*_ aréas of ‘- _évé;Opment_ eacﬁ}wlth 2
N _;__diﬁhrent' po‘_Int -of._ﬁcéés% toth_e ﬁetWork and -Dbbr'_inhi?-'zonél .Iinka'gé_s.‘--"

. The defmitmn of Ihe zone buundanas was, a8 oﬁen is the casé, a compmrmse between o

-:__conﬂxcung reqmrements {e.g. between the desire to "i 1mprova the model byi mcreasmg

' its size and complexuy and the practical wnsxderatmn of keepmg costs down and_--".'

Imeating targe:ts of time: scale and accurab'y). howesfer, 32 zones wers defined i in 511 and . "

 these are illustiated in Figure'8. There are 25 internal zones and 7 éxternal zones.
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Them ost-notd_ﬁ’ﬂr.thy zones.aré: I

R AR FUEE S :'-.?_Centrai Jnhannesburg T
e 20 DR :'Modderl’ontem : o
o P % . Pretorla
e e gcmm{’p
Dt :'.-'3__The road network 1tself was descnbed m terms of nor!es (usually represeutmg
R -'-gunctxons) aind the road Hinks connecting them, T ar.ditian, certain riodes were required
e :;',_ L f-torepresent zone cemmiﬂ& the points where tnps start and ﬁmsh which are connected
.*_"_'_:_,}"_.to the netwnrk by nononal imks knownas centrmd cpnnect‘ors"._ ST e

e

-..'Jc; Lo --“ o T ;\'-..

R _Th& ievel ofdetaﬁ to he mclu:{ed in the netwurk d.ascnption 1s a dlfﬁcult deciswn as

> tﬁe gmund hut the more data mput :s needed, As the Study Area covez‘§ the whole of
L the PWV area 1t was necessary to adopt a falrly cuarse netwo:rk deﬁmtlcn‘ R -' S

|

T N Tha uemrork was classlﬁed acmrdmg fo its Operat:onal charactansrics and the
SN o | fcaliowing class:ﬁcation was adopted :

R » Mam and Provmcia{

|



Cy {_)

K

S ggenfgg¢ Ienth m k

| S 930
L '_"'Mamand Provmczal /HZE,OG IR
o me U AR

_ e : ; . .' g .Avex;age trave.]ting tlmes wera codad fur the three types of road daf ned above and
a - . ) o 0vs:arail Toute costs and parths checkad h}”plottmg muumum cost paths for each .e:c?‘ﬂa.

B Lt ‘"Travelimg tlmes wee based on spcecl and deiajr studnes unda*.&airen on raads of‘ snmxar E
2 .___._-typeand with snmﬂartrafﬁcﬂcws_ et T e e




S o _' '_The General Analysns Suwe.y ngram (GASP) (4) was usa:l to produce trip matrrce§'_:"_'-;_ '
LT forthe 13 categories of hazardous gubstances defined in Section. 1, The matrices’ were

e o e : S ‘produced in_tons for the 12 lwur perlod between GﬁhOD and 181100 and these can be: o
. \; . .‘-__SBEB in Appenﬂix D < . i _ E - o ; = .

"Tha majar movement of hazardous matenals hhs been represented graphiﬁa;lly a8
<! “desire Yines":' Desire lines are straight lnes connecting the survey zones. Such lines
Te - gre drawn without reference to the: existing road network and prov:de a bletute of -
o :' ; _'mter»-zcnai traval demands. The wndth of .each | l ef is proportmnal to tennages of
. material which moves between the Eones. For reaso é of illustrative clarity voly desire
it lines representmg a nﬂmmum at‘ 10 tons of hazardous material per 12 howr period are
. given: Atthough only ﬂows of 10 tohs per 12 hour period have. been ﬂlustraterl ﬂows
' O _of matenals dess than thls ammmt could result m extenswe damage if mvolvedﬁh au '_
L mcldent Fxgures 9 tﬂ 14;; 1llustrate the deszre lnzgs for the ma_]ur movcment of

e 'materials.

L T T
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* “ . During the roadside interview, driverswererequestedtodemll theu route taken“bnthe
"4 nerwork: Theke toutes were éncoded by ineans of a link and'node fechnique, .- =

UA s en”’es of comput er progtams werewritteninDBase:& t oprowde. thﬂﬂm tmtof ‘

" hazardous mptecial transported during the survey period on each link. These tornages
. Wers conyested into Minfiramp(S) Tormat for plotting. The mafor routes in the saidy
e s then igitisd and th tonnage pe 12 hour period Yor each matelal losd

; usitig Minitramy program HFPLOT. .

&
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Dgsue hne ancl handwidm dlagrams wegr piotted for each category of material carned ’
The. most strakmg faetor of’ these diagrams is the- substannal amnuns uf hazard .ns
maeanal camed whrch owmg tq the qﬁantxty t;f materzal carrned zs unregulated and

c_qrig.w&,ow-' ESECTIONS

concentratmn and aISO cnrry Iarga volumes of other trafﬁc
o Nai o benwent Gillmiys and Geldenuis
LMz " betwéen Geldenbyiis and Kaserns ST
R - between A'bérton and Vereeniging e e
AR L

As the pfbbaﬁiiity of an' imﬁident' i's relatéd to 'diposiire, the Quahti'tié'é: of hazardous
matenais carried on these' mutes are a“matter of great concern In addltlﬁn a nlimber
of these rontes pass in close proxlrmty to residar_xnal areas Cons:clermg the lack of
!fqpmphance with the current rogtlatioris it is clear that, should an inciclent cccur, the-_

auﬂwntles would be presQnted wlth some serions problems sl h‘a,

can be cnnmdereﬂ cnnsnderahle S

The plots of the tonnage of hazardous matena]s carned on the magor routes w;thlh the__. o
PWV s{now deﬁmte areas ofo coacentratmn. The fgllowing mutes hava a high o

The routas lmkmg the eastern mdnstrxal areas are heavﬂy trafﬁcked by hazardaus o

materlal vehlcles carrymg & vanety of categones of matenal _\\ L

n £

As expectéﬂ the movement of ﬂamm&ble liqmds, m partlcular petroleum products T
represent the Iarge movement of hazardous matenals in the PWV ‘Processing of these U

products uccurs i Sasalburg with the ma}or dlstnbutmn hemg undertaken \na the '

Ml and R26 to the I ohannesburg/Pretona area,
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.‘_';publw The “vast majorlty of matermls-’fuerlﬁﬁu ~a=hje

-"-"I‘he severxty of an inc:dent invnlving a speciﬁc substance i

'The safe transpurtatinn of,, hazardous materials :‘wnlwa r{

ous": are ;gexorably |
': 'hte&‘twmesi m the fabric of South Afmca s socxaty Acceptm‘ T |
by transpoxted through our citles, towns, ‘and neighbou oods ot 'q‘e éﬂunu-y s_\ __
' transportation network, how can the attendant nsks e rﬁdur? i¥s S S

-—-m-.._.

Jssues, ofe of the major issues bemg the environment m w} hxch it accurs‘ Claarly an
incxdent occurrmg in an urban area is potentially more danghrous ‘li:an ong occurring m_
a“gural areg, but therer are other envimnmenm fhctars thatjag aﬁect the eutcome of an...
_ mmdent

s

Z._.--‘?

| Oma of the most :commonlysused tg@mques of redycidy ‘the effects of hazardous

matenal mci&em is the routmg oi’veﬁmles t:anying E ous, materiais away from'-'
damma sensitwe areas. Routmg is a tool avaigabla ;'__ communit:es that hmim
" r:cmnmmty ‘exposure to 4.-hazardous matenals incdes.”; The perer rouﬁng of
--hazardous materm?l\ ‘cgoe’§ to fbihrred Toutes limsrts the xpesure of a commnﬁnty to
' »mcuient and ‘y‘hiiufd incre{ged the eﬁbc;ti‘veness of dig response 0 an. incident;
f?ﬁowever, ‘this- ﬁi'ocasa ;&:ses {Ea issua of quantifying thig rism of rem::vmg the rzsk
;from one segmem ofth\“.* commumty to armther sefgment ofithe community

\'a'--

In. thls section of the report a modal is deVulqpecf whi\ ' estimates the i':kl:s o, 4
_'parhf ular mute “The descnpt:on of the model has h(\) iwded Anto tl'u*e& sectnens

M.zﬁm_ ---«-ﬂn_

Firstly, the concept of risk is described in’ terms of hazard us materia! transportatiou _

and use of the mudel Secorfdly, - an evaiuatmn of ﬂle vaxi 18 ypes nf risk assessment
“models used oversess i ffresented and r.his then’ follow by the deyelnpmant of a
-model for South Afriéa’ﬂ/ agl@ﬁgaﬁon with an example of its {se.

pimisiv the xisk to-the - .

wt the matenaiﬂiave oo

depaudent on é e?mmber 0f o



'S 61? m Ass ODE

g AE

R _? The reqmrements for rlsk assessment c.an vary widely depenilent on the d;ffecent kindbs_' "
L of uger: Oﬁ@ midy” nee:l a methqdeiogy for assessmg the risks ofa gwen hazardoua: -
) _.:'._*_'_-ﬂ_materrai transport Operatlon under conditmuk that express rcpresentatlve na.tlonwlde'_.; o

- ) factors, - Another ‘may, nea;l a de,taﬂed capabll:ty for mode!lmg the risks of specific
s alteryaﬁve cargo rouises, mod&s ok containers for a given material, A third may needto -
o C he abie to assess in detall the eﬂ‘ectweness of some pnssxble risk redu ¢tion measure.-7;¢- -

' ‘1\ . '_'Local au&ontles may need to 5sses3a the nsk of°cargues of o6 or all hazardousf
L f .""mdtexlals into’ or through théi drea, as speclﬁcally as poss‘bla to. the condltlons on
o o ""_theu- i)resent routes and pDFSlble mﬂemath@ w0 them. Operatorsnmay :equnre similar.
R assessment capabnlz‘tles to SuppG thexr cogt-safety qptzmnsatxon ﬂecisz&n—makmg, wiuch: o
" o may m the futmehecome mcreas ngly axphcnt N g :

R e, ths the asic. cuncepts and general techmqum must ba~ comman to all duck
S . " : E '_ apphcatlﬁns, lt is evxdent that conszdeéalale vanablllty is posssble‘in the particular form L
L é&nd speciﬁc detatlk of nsk analyse,s appropr:ate to differant uset s needs : '
“--;':'_3 'I'he model describe& below, endeavo.l 10 provnde a methedology, which addresses-_-{-"
L '_fthe needs ef the !ocaI uﬂlﬂlﬂrlfJBS and _rﬁiﬁponas for determming route choide, but
R __ requlres the mimmum of data mput zhat 1snapphcab1¢, to both the lucai an d gl‘éahonal-_'_.‘f
: 'smlatmn. L _ BLH




. '_ e Bafore any attempt is mhde tn develup a ldel it s 1mportant o def‘me the concept of' -
S s nsk as used in the appllcatlun oﬁ hazardous matenal transport o '

SR - Most" approaches [ nsk assessment 10 date are oﬁ the relatwe vanety, that is, a -_
e PR numencal assessment by whlch one route or evell one mode can bie evaluated agamst_
. another The end resvlt of such an assessrnent is that Route A can only ba stafed a

T e

B :_ gl being better or worse than Route B or safer ur le,ss sai‘e than Route B

Ab'solute risk 1s a tilrect measure of hazard that 1s, _an esnmate of the numhes nt‘
persons whd mlght be. kllled or mjured ‘the financial amount of potential eeonomlc e

5001081031 damage Although this’apprcach is: tha most deslrahla tme 1t is dxfﬁcu]t to'_‘._'._
' _~ach1e»e. | .

T

The model develnpeﬂ belaw provides a nsk measure that tends tuwar‘d the absolutey;g(

prwides the ptaCtltl()ﬂer wnth a feet for the condltlon of safety in. whlch the communi -
finds 1tself as.a resulg of exposure to potentlab catastrophe hy the use of 2 pamuular
route. R SRS

R N

o

e L \

Ios.%er the physical extont (quantlrauvely expressed) of possxbie enwmnmautai and - '.



_— ' 'model are noted
s .. based o’ the wﬁric of E R Russell et al (8), TRB Speclal Report 195 (9) and N&HRP e
L .Report 103 (10) \\ | % 5 L C T

e L .

Before attempturg to dewelop a nslc assessment model it is :mportant to review some nf_ '
the mndels de.veloped overseas J'Sxxstmg methods of nsk estimatmn a8 applled to -
hazardous matenal feansportation risk: anaiys:s can be class]ﬁed by thie- use ‘of four® -
categones The four categones are’ stansucal mference, fault~free modellmg,f
o analytzcal-slmulation modelling and subjemve esnmation of nsk parameters B '

R :'I‘he d:scussmn of‘*the f‘out meﬂwdqlegnes is unented aroqnd their ut:l' ty n the' .

Ll est:mat:on of the lxkely occutrence of an at:cldent and the determmatmn of the posslble
: '. _.conseq“nces Data and methodolog:cal prob!ems tt’"eir 1mpll°atwns to vncertamtles of N
"L 'congeru 1o the usa)jr:d possible approaches for deveiopm .

foliowmg brief synthesxs of the. vaﬁnus categones of models .

e

- oA surmnary of the mam facturs utlllsed in, thﬁ four categorles of the model xs gwen m
'-'_Sectionms R S - N T

S .Q_'_

. L

_'_Follawmg the se!ectlon of the most appropriate categor}r of model“ the various_

3 approaches in the apphcauon of the model are dlscussed o P T LT

o.' - ".,

L . - . FOSE .
o o . . - . f) L L . A
E o

' '-=_.'-'-'-Statlstm1 mference. 1s the most regularly employed progedura tor esttmaxmg acc:dént-"t*"*- "

Cor mcldent ocgurrence prohabilztnes The main drawback of this - techmque is“the .

- sxgmﬁcant sample reqmred of the specaﬁc hazardous t:ondntions of coneatr.

.‘) . Cm . L e

) Howeve.r, :t is dlrectly usable oniy |f an adequate ac:::dent data baSe ex:sts, l\vxth:

. sigmﬁcant sample snzes at the various !eve!s of the specxfic hazardbus cbndit:ons of |

L 'r:oncern “Also, it has to be ab‘le . be assumed that the past record satisfacmr:ly

' represents (or can be: modzf ed $0 a8 m represent) what tﬁe ﬁlture w:ll hoid

" a o o

: -Statrstlcal mference modals attempt to use measurable parameters (sach as’ average' |
 daily traffic, number of heauy volume mter‘sectiom, "pumber of slgnals, typa of road; - .

road or rail condltion) in order to de\relop a value for the pmbabihty of an accident per |

- mﬁlion vehmle knlometres, or-some uthir sumtar probabillstw form, for a%sneclﬁc o

o vehicle t}'pe The prababmty is combmed with a consequence va!uation by detehﬁning_

 the populatlun density of those at nsk The Peat Marwick M:tcheil model (li 2) foir
. example, usesthls approach o T

s
i

Ioi{a fopte rask assessment.;_



a

e _"Theso methods are route. spec:ﬁc smr.o tho data come from spoomc routes that are"__"

- __: o generally mdependent of the. type of cargo. _The method uses actual data_ for ltSl'_-’:
ol E ':variabies, However, constants for equations are either st arbttrartly (as welghts) or”are":ﬁ
- correlated with actual conclttlons and accident hlstory for spectﬁc routes: Although the
e latter approach seems most appropnaw 0. ﬁetet‘mino the average munbor of accrdents"_ .
R R expected ovet a given route, it does not a%coﬁnt for- the. magrutude of the oonsequences'f _
S e T - ofan’ “‘aocident. - For zdre. events, hisioric data’ regardmg a speolﬁc rooto, or even

o o :'nauona] aver ages wxll not reﬁect the acmal potentml for large accidents. L

&

The method assumos that accxdonts or motdents occur mdopendently and vnth constant |

' 'probabilmes and develops estimates, of these probabtlxtles. Past recards of such

.aocldents and mctdents then prowdes tha frequency of\‘thexr oocurrenoes over a

o parttouiar tima penod U e :

| IDCIdBIlt per sh:pment. - S T 7 o

o .(,; .
B

R __.;5 number of :mportant problems arzsox thIS superﬁczalty s;mpla process, however,
CE R e First, the‘ostunatxon of. gho exposure tequireo that ‘tecords aré Icept and accessxbte on
e 'shtpments of the hazardous material. Such records ate not genera!ly avatlable. “Thus,

T estimatel must &usually he ‘made’ by employing samples of shipment data, oﬁen of
SRS e : -i'uooertatn accurocy or even validlty, W1th llheral judgmental mtarpretatton. )

LR T T Seoond adequate data for a meaningful statlstlcab mfermce may also not exnst on the
RN o :_ - f'accxdent-mcndent occurrences. This is always the case for the raro, catastrophic evehts
'_: - " '___that: are usually- of greatast. mtetest. I the record of exposure (B 8 number Of""
el _'_.smpments) is great enough, it may be possxhle neve:theiess o ¢stimate credlb!e upper .

B ‘bounds on the probabllities of such eveots, but these are often tod coﬁﬁewﬁtwe (that i is, -

g ."-Just as_)prge Oﬁrger rates of PprS“l‘erf e,

h : .' L - R G -

SN o large) to support praotlcai decision ntakmg on the coptrol of future shm;nent? w:th X

: Inatead of generaﬁng such upper hounds on the prohabxhtm of accident~1nctdent-
& \\ .occurren@é it :s sometnmes attempted to estabhsh a. sux‘mgate" Samplﬁ Df recorded
o datatarger ihar the real one of interest and suffimently large to permrt dlm‘? inferences

- 7 to'be:made, Thus, the récord of accidents with liquid waturat gas (LNG) tankers, Wlth .
e 'sngnit“cant éntries and a relatively limited exposure, i expanded. by use of the
“ . o “regord Tor oil tankers.modified sub.]ecll%l}‘ in vacjous ways to ’eﬂe"‘ the differencs

. e 'bemroen ail tanker and LNG tanker operations,” “-Wlth somewhat greater toﬁnement a -
Tl el record’ for a ngen ‘hazardous matenal transported in abparttcular conta.mor ina

w - PO . R o =

. .parttcular mode i§ extended by mcorporating all a.,cldents~incldents fonother mater:als
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Y | u . that employ the same. oontainer and mode it bemg agreed that as far as the oocorrence
et 3 ?per shnpment, kslometre, etc) of an accldent or mmdent is. oonoerned the: materral_ _?
e e makes no dnffereoce. Lastly, 2 most common usevof ¥he “surrogato approach is- the
Vet applmatlon of the natjonwsde modai accndent Siatrstu.s, en a per kr]omerre ‘basis, & ’
T -_”;.mferences of the probabﬂmes of acordent occurrences on pamcular routes for wh:ch
s "adequate route Sp'eclfic accldent records do not exlst.. Cleariv, tlue negiects the
- potentrally srgnpﬁcaot dnfferenc@ in the physrcal and envrrourne':tai charoctensucs of
"_'_'-specrﬁc routee frec;r natxonwrdo averages of these conditions. k D PR '

cl el T T

- _. o i Another Droh!em area in. statrst;cal irifetence is tlIe prmcrple that the oonditions at tho o
ST ime of measuregient are the sameat the time of he anﬂlyﬂsﬁ That Is, it st be
ST assumed that the” past record also. revresents the futtirre for: It is understpod bow to
Sl modiy it so that'it will), There ave many reasons why this may nobbe the case, e.g.if

e . a major accident occurs onte, s:gl'ﬂﬁcant ?‘tlons max be taker to decrease the change'_'
o occur:(snoe of such an_gccident in, e futnre. Altematweiy "famﬂ*aﬂt)? hreeds'_-. T
© " contempt", or at least lack of concenﬁr\tion, among human pperators so that the charice
S ofa ‘major aceident where lumans are. mvolved may gradually? increaae over fime, -
S Do Inereaso i “accident frequency g also be due to-wedr of squipment tinder maﬂequafe o

- mamtenanoe, The vahdnty of stat:strcal infereooos tha‘r do not 6r cannot reﬂeot such-... .

".. R L .-\ : o = i
St B
v

SO e e :__A-ljmmb'er bf__irnportant 't_rroblerns;arise_io this process. o - .

'-\.'s: AR

a8

B As noted above,eccuraterecords nmstbe kept?ﬁ hazardouscargoshnpments

A"

o . 2 _.::_ L -_ _, _.u P . . L ST
- . o -()- . .

e 1 Aecidents mvolvmg hazardous cargoes which aro of use in the model m. -
Cab e rare, eatastrophlc events " : B :

e :r:.. , R o S

b . .y

| iii;_ Thef'oruﬁeseis'st_imes. t!i_'at"'the p"a‘:é.t record of_ oven_ts'lglso'represfepts ﬂié‘fumre. .

G '()veroommg ﬂrl!y the.f ’ob!ems that have heen notod is® not always posszhle but the L
- “situation could’ be -improved by first, mgking the uncertamtles tl;at the inference
= 'prot,eduroagwes nseto as explicit a8 possible so that the e can moorporate the'n, fnto "

SR S '-'._.the decrszon process. Secqnd, steps for. 1mproving the accrdent and exposu record

S s ' S keepmg prooedures shouid he deﬁnod comprehenswely, and oamed out

Lo . a4 UC! . .

| ‘I‘hese methodqjare applicable m the nsk ot speclﬁe sh:pments over alferoa.t;ve routes
- and’ prowde d. oommumty with guidance on either the overall rlsk or spe:.rﬁc raslt‘ L

T
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Tﬁpossihie sequence of events are. synthesxsed cﬁlz't_i_'instin'g."-iﬁ-"js; _-pzs'rt__ieulﬁr
o ;eonsequenéete peOple, prof:erty, orﬂwenv;renmenu ST s._.;” RN

" '\A,'\'. . - ce B ,-'y. T

. {‘

' Ca

“The fault-tree methudoiogy is hased (m the systems engineermg approsch m whlch_
. ’hazatds are identified not “only in the madway environmgnt element of the- .
e man-machine—egvimnment system but alsn m the drwcr and the vehicle‘espeets, L

If thls techmque ls to be used to 1ts fuIl potennzl lts apphestmn requlres that aIi;ff__’-""L'
Co sxgmf cant ennsequenees wxll have been ttacked back thmugh Al poss1ble event _
i _'_“‘sequenees to_their: 1mnstmg bssle ewms wa %eshse the fall powér, of fauIHree_’
o modellmg, the probsbll:tles of eecurrence of the mmatmg events and aif’ related actwn _
L mltiatlens (e.g. & successful.-of’ unslfecessﬁﬂ actwatlen of a correctme acuon) nead to
B e : be esnmated wnh adequate precislon, and the magmmde of the censequenees aeeurately o
. : _ pr edleted If thess requl.rements are. met, 2 serles l{f combmed probabﬂxtymalcuisﬁons_ -
- results in assessments of the pmbablhtles of occun rence of- specified eonsequencss w:th' el
o gwen msgmtudes, i. e the rlsks derivmg from ﬂle hazards under amal}fsls, R

LI

S The prmclpal rlrfﬁculnes W:th the fau!t-tree prce,redures are. the uncertamty that ﬁll"'_"'f. 7
- e significant ‘event sequences have been onsidered and the acquisition -of sufﬁcmntly;_"'j
e premse data neeessary for predlctmg, with reasbnable accuraey, the 1mtmung and_.-‘
- related aeﬁon dvent probabﬂstres ’I‘hese»»:ilfﬂtultxes are central 1o the contreversles en'

U the’ apphcatnou of logic tree. methods it nuclear power plants and ether fixed-facility . *

* . risk assessments andtheir- génerally comple(2 faiture-in. teansportatiof ace;dent*-'f'} '
proﬁah:nty determmatmns ‘Because tere dre so many PDSSH"& kinds Of acoidents and

._ ] beeause mteracl;ions of. pessible aeclden“t eausal factc)rs ex:st in the dynamle OPBfatlm B
‘environment of tramportatmn sYstems,; ﬂescnptmns in terms suxtahle for pmbablllty N
*, analysis of all important sequences of events culminating in tl'3“511‘9"‘“‘*““’11 accidents are - .
@ ot able to be meanmgflllly aecompltshed However, fault—trees;a m particular, have BT
- o been e{-‘feet:vely appii o 0 post-aecrdent evénts analysm most notably in analyses of R
S nuclear ‘material - container failure .{l{lder accident stresses ancl to: fms}lﬂ"‘ﬂmg and
L normal Operatmns mcidents B T S

o Despxte these severe d:ffieultzes, seme potentml has lateEy appeared for the applicatlon_ﬂ -

10 transpertatlen problems af camputer—based fauit~tree g !ﬂ'lthBSIS and analysus methods

S = that have very recently heen deveioped for nuclear snt! cheml_al pmcessmg p!ants.

methods . '

= _' s‘i‘hxs methodology has three 1mpuﬂant advaqtagss not prov:ded by stat:stlcai mference'



L -;}_ : seenarlos (in sxmulation modets), ar h}‘ cornbmauuns of both pmced %S,

The datau acquisntion would be changed f@m that of 'ghtammg meamngﬁll
sampl&s pf aBCI{ftcﬂE d‘ata fur“all sets af condmons to: that Qf_nhtaimng only o,
bzis:c eveﬁt dat;a e N /- 11'

u
- oA L Lo F

i The n‘ieﬂ'nodnlogy lends ltself to the evﬁluat'ifm of the effectweness of gavet*
- nutngatmgmea;mrék : S ¢ e s

. S 'II_: (‘-_. P
\\_. EA 2o .

; Quahtatwe analyses ~of fault—trees can prov:de ,slgmﬁchnt ms;ght.. on
s acc;dent-mltlatmg event seg[uences that are potentlally\ most :mpdrtant o _'

-

system safel:y __ S

Ii’o gain tbese advanta\ges fauit-tree modellmg iechmqug,s need to e deepmed to hettar
o reﬂect accndent dynamms, mcludmg human operatcr act:ons. mprovecl meam are-; "
requxred for. aoqmrmg dafa on the probabﬂities of 1mtratmg events eqmpment and
_ human fauIts or faxlures, and contml °acnon tlme de.lays Comprehenswe testmg,
S B expenmentatmn, and smulatmn programs mll be needed for ﬂus i } ERREIE

Lk

:_' Mfodels utazlsl,lig fau!t~tree ana[ysm moﬂe]lmg were developed at the Paclf c Northwest
e _.‘Laboratones (14315) R R

Analyhcal and srcmulation madelling approaches 0 nsk anaiysls begm wnth ﬁmmonal B

";_g : descnptlons of the system under study The operatlons of .the system are then

__ :_ aexpressed in térms of approprmte perfomance parafr;ters ﬂrat express the ﬁmctlons .

" aand the mteractmn of the ﬁmcuons, s‘ystem components (humau and eqmpment), and
mterﬁming extesfnal factors; "The eondmnns mder whlch accidents ancl mctdents cqcyr,

“or wheri part.lcular censeq ?;mes arise, arg. assoclated wnth speclﬁc oombmatrons of the

- Values of these parameterslk'l‘helr probabmtles of occurrence and/or the effects of thelr .

occurrence are then assesséd by means of probab;l:ty or eﬁ-‘ects formulas Gf analyucal
models) through namermal dccumurallons from_repeated runs of | sysrem opera‘tion_‘-"

'I‘hg mam prohlern w:th nnalytmal modéls i thB need fog hssuigptlons to be made wh:ch -

-. in some instances dxffer con51derably from the du*act phys:cal cond:tlons Slmulatmns? 3
are better in these regards in that they usua}ly tend. 10 repllcate real-world factws n; a.
falrl}' recognlsable way. ‘However, to the ‘extent’ that they cavoid arbltranness bf their

| snmpﬁﬁcatmns, thelr complaxxty and compntatlon%l reqmrements increase, T!:le need to
iepeat many runs of s;mulated operations it Yeder to derwe usable accldent stanst:cs r‘

s, .
T "-"-‘. o ¥ . E . . a :-':\ T Q . -

b - ‘L N . B i

i T - . Co »62 R o
B A . . . o o .




D
=
12

¥ T (as in Monte Carlo mm;ﬁ‘atmns) .exacerbates ﬁhe compufahdnal requlrements‘_
J IR | e ‘*aao Simuiatmns are therelore, expenswe meaus *‘m‘ r:sk hnalys:s (o'her than m spec;ﬁc and
BT g o lmuted data develoyment supp-;ggoles) .- o S

DR T
e A Analyucal mmlels have I:een apgl:ed pnmamly in assessments of normal operg;tmns,
C L T ncident Gecurrences, and posé-accident effects and consequences, espec:a}:y in the -
T _ o - marfne mode. Simulations have been- used Imt wu'hout great success, for estlmatmg
el o maﬂn&mode accxdentprobabllmes SRR I S e

B

e // ' o When :ﬁl else faﬂs, an approach to augmwtmg sparsa data m developing statrcncai |
e inference and esnmatés of (:tber forms: of model -parameters, is that of suh;ectiv&i;_
SRR | ._;._ L _'-qgsﬁmauan by. panels o‘P exparts Thf.se axperts are assumed to be sufficxently farmhar_ |
R e _.i thh the detafted clrcumstanues of operaudﬂs sumlar to thosa of mtefest thar. they can’-"

B meanmgﬁxlly extrapolate theu: exppnence to' new (:‘«':'i‘nclltu?q'ss,w empioymg only thetr
- mdmduai judgements in oombmatnon w;th tbose of the other experts A

’ :': ‘1 .
ﬂ .

o Two approaches can he eonsrdered n applymg t!'us prooess i hazardous ma%erials_
trar_n.portanon isk analysls “The first is exemphﬁed by ao'aDelph p'rocedure (13) that
:.-was 'carned mriasm develcaplng rlsk parameter estlmafes’ for hydrogen su}plude trans'port‘_i- |
" as extrapulatmns from general expenence with the mateﬁal ancl f-:om a "basellne set' '
of spemfic expenence data for & more common hazardous materlal pro_pane

-2 r:-
\-

Lo e Thesesond is typlﬂed hy i attompt ﬂaat was fnads to esfimateofl tanker sgilltisks. I

' B ) L L de.vewped numerical estimates ‘from r;mkmgs of the !‘kalzhooﬂs of’ possible causativg;‘"-
-‘ _. o I' o ﬁ ) 3 o :' “events as these ranklngs denved frohl the egipenence of a tfiam of clrcumstances wesref"?
I L not so rare as to reqmre some bas;s for eomparxson w:th expe.uence wﬁh anoihér )
a ST e matenal N IR 'O _ e

<

i

IR Suhjectzve estimation  is. perwivcd as. mherently 2 rehtwelyr low -confi denice rlsk :
AR analysns meﬂiodolagy However, this. pencepﬁ%n may be at ieast u;;part a result of thB-l _
S general lack ‘of apprecxatmn of the perhaps more a‘hbt]e but mfnetlmes Just 4
Lo . s:gmﬂcant subjectwe elements of the other posgible methodofogles. This has been
o ev:denc&'d to some extent in the precedmg dlscussmns of ﬁ'lese m!ethodologles. To
. | o improve the sub_]ecnve estunanom*pmess may therefd‘re be's wortlawh:[e endeavour, g
= '_ . - even if Iess formal procedures thari Delphi ave considered. The abjective of this
B U AR unprovement qffort would be-to enhan..e ﬁ’ie’ selectzon, oontrol and input leOX'l‘ﬂatIOII. _
o e developmentof expert panels R R

e

=
4
=




- L L Table 6 summanses the methodologzea adopted m exlstmg models described "in ghe
e : R llterature Ji‘he charaeterlstrcs of the exrstmg) mode are grven m terms of the ype of
s s category and mam features of mod®!. It can be segn that 3. majomy of the exletmg r;ak

o ' " | assessment modeIs me of ﬁre abao!ute etatlst:oal mference type o
e ':-"_ . f ‘I‘able "? gwes an o\remew of the four general types of rask estrmatlon methodologles
EERE R - that ‘have thug far ‘evolved and been applied to the’ vanous aspects of teansport risk -
‘-_*: aaalysrs Though the act;xaj appreaeh of’the fdur categorses of models diﬁ"er they all

EAT consrderttvobasic eiements these berng. T f //'

oo

e u, ]

_.0._-.

bi ‘_ o lzke‘lrhood Q&mﬁ_@ib_emg mvol'eee'.r-m an ngjden: whlch

S _uenf_: “ the ﬁelease Ofﬂ'[e materral

Eeeh of tlrese techmques has advantages ana ars;rdvantages whrch must be evaiuared it
: IR any gwen oase. For example, the prrmary lmutatlon of seatmaroal inferenee techniques-:

RTINS & . g .« is. that one must assume the process. generanngﬁtheﬂaccrdent frequenoxes to. remain’
" AT . constant wer nme Othenvme the estmzates obtamed from past data could not be used
- to prednot future occurrences T E -' ' :

\a ’ . ._..

Unlike atat:strcai m?ereneg. methods fau!t—tree analysrs attempts to model the mcldent-
" occurrence proeess In greet detarf AIthough ﬁus has serentlﬁo appeal the:‘e are
- diffi cultres assocrated with the - acqulsmon of data for predicting hasu: event .'_1'53
probabﬂmes and the uncertauity that: all sagmﬁcant event - aequencee have been':-._""
IR _ : P conmdered Nevertheless, fault-troe analysrs as app]red 10 the estimation of the risk.of
S ST transportmg hazardous matenal%has been usedmseveral studles“ Ly

ow Ty R S . . o T . o B L ) - o d

In analytloal and snnulanon mode!lmg, varrous scenanoe are exammed mdleatmg a |
R range of values des'crlbmg the best an worst oondlhons {hese technrques are more:' =
I :. _ applrcable to srtua‘eions where regulatl_ sona natlonal scale need to be tested and are...'-'
| of httle benef' t to lﬂe transporter ot local authorlty in determmmg route chorce

r,i”

]
R b

e 'Ihe ufe of the subjeetwe estlmanon is the writers optlon based on “educated. )
. ": . guesswork" ﬁpd should only be used in exceptlonal cases: where no. data wnatsoever is

| o s availablé or. where srtuation conszdered is extremely urmsual and the other models ‘are
' IlOt appllcable. Ll .-: R e . ._;:_‘ o ﬁ : s _
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g

. objecnves of exammmgcﬂle determmamun qf the rlsk of a panicu}ar mﬁte, g e R

Of q;ha 'varmus ’techmques dlscussed m thp ilterature, (;tatlstwal. mfa?,ence was :
consrdered to be tha most ap;fi-eprzate for this- pm]ect in: terms ot‘ tht‘- over:zl! pr&ject .

.. -'As the stagsﬁ_zal mference analys:s uses geherally avmlable 1nforma‘non ami 1s easnly
' ,_-__f"com_ :ehqpsibfe, its. apphcatmn 1s w:thm the reach of greatar prupomon of

»

N
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' S CATBGORY oF MODEL
RBLATNE!ABSOLU’IE o L

E

0.
-

=]

" e

L s
-

. Absolute

Sy

 Absolie

e "_'Abs'b_l'uté' o

'_A'bs_t.)l.ute' T
' Absolute

._Subjectlveesnmatmn |
E = Fault s'féa'_._' 500 -

 Fattes

L Anzﬂytlcal ad _
snnnlahon modelling

o

o ssa%sucal mfﬁen e

'Statlstlcal rafsrence

=

E l-\" .-. i

- C
e .

: each sectmxi of mute

Based on work undertaken in reference 11

W

o r_m an mcldent occurrence mndel and a fractmn released mndel

oA '{‘].us reference xllustrates the use of the Delphz M’.odel m
B varlous applxcauons o L ;oo

" Develops a sesies of prquo;lmas for cach event in ihe e
| man machme-envx‘mnment system Numemus assumptmns are ma&e. L

De\relops a series of pmbabiimes for e’ach event in ﬂ;e
man~machme—env1mnment system Numerous. assumpuons are,emaﬁe

Develops a pmcedure for matmg nsk assessment mo Yresul
mmcxdentrepomng > S

_ Develops a pmcedure for relatmg nsk assessment mgdel I‘esults . o
210 mcident rsportmg s .

ThIS apprcach, thougﬁ systems nnented, consxde;s the events? :

Synth&sls of models ava}lahie :_::". cen
Sym‘heéns of models avails |
. u,% ;‘ )

"‘Y“‘““i”fmawaﬁm T
 Doveloped fncdeit preoabmty o mm m@; for” el

. g "-I')

C_' N

Ieadmg to 0 mz;ldent and the poss:bla consequences

Develops a raIEqse rate model for e.xght cuutamer classes based

Symhes:s oftechmques BT g/,- N

A, cmde model thh numarous mnphﬁcanons based an&ﬁstoncal data

No detalls gwen

A

G‘
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R "Zéhb's._dmté' o . Statitioal infocence

26 . Absolte . - °  Statfstical inference

 Statistical inference




Arisk management model is developed wherein valnerabilityisa * .
product of risk reduction and preparedness

National’ level model utilising gross estimates of distance atid speed
to:select minimum paths

Utilising a series of aigorithips-ift terms of consequential effect)
mdmdual nsk rate, societal rxsk :

'Ihe approach emphaszses the rlsk: attl'ibutable to large release
accidems usmg nsk pmﬁles hased og probabxhty dlstributmns

_Condmonal probabﬂmes ure comhmed with trafﬁc data. o glve
accident probabilities» These ars complemented by dispersion and |
densxty gopulatzon evaluahons

Based cmPWHA gmdfslines ‘For each segment accident probabﬂtty and
eonsequenge are combined to égtablish total risk <+
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T ém_mﬁﬂ —

-':i's:_&zsmeqz' .

Assumes that mcidﬁnt& tfccur- 5 _
‘independently, with-eonstant

probabilitids. Past records -

- previde frequency of occurr~
- ences and then extrapolated :
to future yeat's : :

Assumes htstoncal data _':
L _:relat&s 0. present day

ﬁass route appratsals

R Vaxy frof tequim;g detalled S
- .. information fof' mtalyxts of
-7 of certain section to -

5 plobal i information for

“ o aceident.can si
o oaffeck hlt.torxcal

"% occurrence of ;E:Jor -
7 assumed. -

- -'Mostumd techmque for bot
- relative and absolite
L g approaches. As hazardoqs

incidents drejarethe - ¢

1ﬁmtly
l‘_lds e

O e

Based on sjrstems ong eermg
approach in which ailthe = -
. -elements of the man-, achme-
‘efivironent gystem, 3 Je

.  synthesised: ;:uimm”étmg ma '« '
T pattlvular oonsequeaoe
.

;'--'_-'eIem‘Evntnfthey,g :
o+ nesdeddEIdetermined -
EEERE anadsqnateprwsiﬂﬁj =
7 Such mformanonls .k
e -_rarely avallable carl

Suhstanﬁaz data vequire- - .
- every element of the M
* .. Hasscientific appeal. 0

menm 1]gata not readﬂy

-\ Vm*y deta.;adanalysm o

' Difficulty in goquiring -,

: " required datd. Apphcauon :

= "not very practlcal for ﬂlﬁ;}/

L "_:-practmrmer

- Simudation “

Develt}ps scenarios whtch
- gonsider the conditions-under o

“which incidents ocenr in the

. functions and inter-action of -
~ functions, system components-'

- and mterfacmg extemal
factors A

rtRequuez. estnmates and

stmphfioatmns to-De. -

- -made of physieal
i occurrenm

el .'Anﬁl_yi’is based solelyon’ .
- global data, Requirements
- dependlent on the acturacy
= reguired. mformulatmg '
_-s'the'scenarws :

S '.More a{)phcabla ?for regula- :
© tory evaluations on a. -
_ .- ¢ national scale, Used-with -
- little success for individual
_.-" . risk assessment analyses. -

e

- Estimations . .
. anevent.

" Subjecttiré eestxma‘" wes aremade

" by.a panel of sxperis based
-on personal knowledge as to
" the posmbie consequences of

o Complete analys:s based
Loona series ﬁf assump— -

s Speciﬁc mathodology dee}tgned
- around available data. .
- Particularly useful wher'

e a\tallab“leda&ats hm:ted

- Inherently low-gonfidence
-1 . methodolegy. Completely - -
» . . dependent on:expertise of -
" panel; Only to be used L
L eagcepttonal cases- wh
o _inone of the above modeis '

- are app‘lmabio of data

;::'IIHU.tEd _;ﬁ__ S
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Iu thzs section uf the repartg sk assessment mndel is developed thch W‘i!l enable the
pracntioner fo assess the ¥i8k of transportmg a spec:ﬁc hazardous material‘ cﬁrgo on i
spemﬁc route. - A S e '

o Before dev?elopmg the model in de;ajl it is wﬁ'nh seviewing ‘the main activities <

o L

As bnrne out’ in a!i the models conmdmd (8-23), ?‘sk assessment of hazardous matenal
' transp ,_"tgtlgn can be cunoeptuallsad gs 4 serles of aqtivities. 'I‘hese actmtles can be K
L,'  Hrustr 2 mﬂie furm ofa ﬂow cha; shpwn m anure 2& B

Y R

e e

_L‘{. S e

N p@gsib]e’_é@h_seq@nwaisutiqit'y_:bt ixi_éident ‘

Coge

o _Fuudamental to the calculanon 0t‘ the nsk associatecl w:th hazarglous matenal
BRI r."cargoes on.a section of road s the estlmation of the prbbablllty‘ of o

T P T R

BRI T T
.e?_

Should an mcident occur, the effect of the release of r:he hazardous mateml__- :

- =_,4an the surroundmg population is of pnmaxy imPOﬂance, e

L . .
a " . . s A, A

,5’ - X .

. S iilu "NEtWOPkStatMEﬂ!" ‘ ._ ._ " s ‘.r.: ._ . ? . _. E E e ﬁ .

A . . . "

',' . 'lv'- e sl - SR -.\ . . 4

""To enablg tha E‘hmpanson ot‘ the aJternativa mutes it is necessary to obtam_- )

_h ST cerlain phys:caﬂeperatmnal mfonnﬁtmn relarlng w the mutas, suchaas travel-
L tlme.s. speed Ilmits, type of facxllty, =

PP

e
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o iv, i;cancﬁiaﬁmi-o-_ff_r:-gtaa-;ﬁsté;r&r each '.nft__ri_a_t.;;ef‘; o

o . ‘Calculationof rlsk forcomparablemutes o . ‘3

RN '_ c;mmn ._;gf‘mmi;@uﬁn_ n}a’-'v'_a i;qéts'fbr mﬁi@':@héideréd S

e

R :_ o The mtal rxsk of the re]ease of the hazardous materlai to. the pﬁbixc is’ the
| cnmbination of r.he posmbilzty of an incident and the DOSSlhle cohséﬁﬁenges of
- the. wlease of the. hazardous matenal Thzs measure is{ det&tmmed by

multlplymg the possible’ number of mc:dents by the poss:ble conseguenca on _-

Fi

o apamcu!ar lmk segment. ﬁ FEEE

i
-_o_ W

By summing thesa Imk spaqmc nsk measui:..s along each alternatwe route, 2

T

- fotal risk value can be established for each route. The calculatlon of szk for -

each altematwe mute com:dered can then he undertaken Thls wﬁl enaﬁle the'

.r;,

detarmmatmnofloWestnskmute,__ I T T A S AR

'ﬂ .

st of utllismg the alternatxv;: routes, Cost 1s probahly tﬁﬁ ma;or deternumngo
factor in tha,route chosca of the opamtor. Sl U _"‘_ o

S ot
N . :
3 5o T "

By comparmg t'he risks of eacﬁ route wltb the cust of utilismg 1he mute ﬁ
dxract comparison hetween tha routes can be made. o e

’ t‘ Lo f\

'-'__"viii-, | Routeselectmn | : L P

-*\J
u

P e HETIE o -!?."'“ -

P

In summary, fhe ¢ritical element in the deVelopmznt of & riskasses&ment model for the
trampt}rtatlon ot‘ hazarduus materlals can be descrxbed as the produc; of the number of

" a vehicle: cm'ying 2 hazardous marenals acc:dents and the cﬁnsequences of that -
"acc;)dentle. e UL '

e k s " o

] g R

Rxsk Incndent leel:hoodx Consequence Factor EE T

o s o, Using ﬁle network evaluanon mforrrzatmn 1t xs posmble to calculate the travel

_It'is-thjen possibiia'to' _;:;:i_ect'a preferred rgiuté’_ }J’ésécl_ -bn the criteri_a_ﬁféssi’_lm_ecl;_". .
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- v,ehzclé’ canymg hazardous matsnal approximatm to the averaga vehicle speed on the.

R | 1_-.

B "Cﬂﬂszdermg a small e!ament ot‘ segment i of Iength 8, whlt:h is Dﬁcllpwfl bY thﬁ vehlcla

'j.“m‘}'ing a hmdoue substauce at tlme .T. :
._'.‘QJ: : S

AR _f-—-'_*fmage';;;eement ?kg}'ta'-fozf segmén:'_ e
hAinq:’,int* of Travel, g,

o ( xt)*xﬁl

LE q,ux ﬂ'ix 81 e

) _-s = Average speed on segmenfi(km/hr)

Q}

. e o_.__ : o I B
ETIR o L

e ) . R

Valume af :re&ﬁoles travelling oa 81‘ at the same nme as th\a
hazardtms vehu:le nnder consmeration X length of elemen&él '

F’lnw rate on segment (Veh!hr) L.
’I'ravel time (hr) ol o

;'.It is assumed that over the small 1ength ot‘ segment considered that the speed of tha

W

: Iu= inéidént'i;ikeliﬁéaﬂ' oual‘ - f | o

N weconsldertheroutievunder cons:deratmn asdl\ndedinto 11 1.se:xgnmntsoflerug;ﬂ:'flﬁ, ’-.

= AR;xAmw‘wf L
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B, = Bxposure area of materlal )

PO

"~ ©y= Dipersion corefficfent «. o e et s e

. R‘“ "—“AR, xg,x Ly xEXCx Di; -

. Over the wholg léngth of routey the risk is theréfore

R = seitsegmens], inroue)

The conse:luence or . dxsuumy (UM.) terms of persuns(hxposed per acclduﬁt on
segment tat t:me T resultmg fwm the release of a hazardoua matenal k is‘

D, = _popgl,é&on :d@ity_adjaqeﬁt.td;seétib'n |, a time -T:(pe;s;ons}iﬁnﬁ; S

’ ‘.l\

':-a' : . . . : . L o

' The nsﬂ: of a0 mc:dent can be calcl.latbd as the product of the numbar of ar,cldents on '
o -the salec;pd route secnon and the numher of persons expused ' e

Tle

: _____Therefme the risk (Ra;) in persons,. A an mcxdgnt nn elament «SlE %t time T can he

descmbed aS' L

(LR

R -.-: XU, S e T

R = ARlx qixﬁl'xst x (Ekxq:cD h\ -

__:'_OBy t,alung the seczmd integral weobtayn the nsk (Rm}o\rer tha length of L, ofse.ctlon »
igwing B A SR T

we e T e L . . i
B . . . . :

. . A - . . . g R .
il . . .. . . e - . .. R oa
LI Y L. - . - .. : : - . Lo

- (p |

R
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- ;;\”Accldents are stochastlc events and as such it is reasonable to assume that vehrcles with o
o '__greatea‘ exposure o utxlisatign shou!d show a mlatwely h:gher rate of‘ mvalvement m :
o ;_"_Jtransportatmn accidents 5 LT e L

oo

: Recnrded accidents related to hazardous materials transPortatwn are nﬁmefncaﬂy only a.
- small - portion nf all reported transpori;atmn related accidents Thm is due to,-'-_:

. ;'_essentm!lg, three reasons, namely ot Q L Lo

i, Thnugh not nearly adequate, ﬁieze is a mé;rginally grea;pr cara exh:blted by _: .
S '_ R -"_'operators in’ transporting hazardous matenal thau in the transpurtaﬁon of
o B non~hazard0us matena] P R “

G .

e e b Ugt:l JTone 1987 there was 0 requirement m record whether a vehmla -
e . nvolved mat:ollzsionivas carrymg h&zardous matenals._ e

-

o : _'Inc:dent probablhty m&asqres the cham.e t,hat ona zneldent caulcl oocur to a pamculari T
T fvehlcle ona pamcular route under a gwén st of c:rcumstances b -

B e

B3 _4; tgm Al g:jjna Ingi egt leelgh : 3 _f'-'?;- e >

I deveIOpmg the mcldent likeln‘mo& of a paruwlar roule sectxon a number of factm's-
_ conmbute to thls ilkéilhoad, ﬂ:s majcr ones bemg, ST B
| - "_'I‘ype of facility nndffihyéjcﬁl :.h'arac'teristi'cs B
= Volume of vehicles utﬂising facnhty _ S .
R Accldenthlstoryofsecti‘an . l R
= - Timeofday- S
e Meteorologlcal oondntmns AT o
o _.Vehicla characterxstic and: condltmn i o .' % -
& = . Driving training, medical condition and state e of mmd
|: e Law enforcementlcomphance ; : )

)
e

g Whﬂst alt these factors could contribute to the incndent values are obtainable for a faw : -

. of them.

:_t:. Lo C 4 ) . . i Lo . Lon L e e Lo c
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s '!t is meiefow necessarjr ta mmpﬂfp the data requlrements m order to take acoount of
: "~ the deatth of information in Soutly Afried. As guch it is betieved that amajp: portion, of
: };_these fnctors can b ascribed to “the type of facility and. operating condmons\
_"_expenénced Below, the vanables owhit,h descnbe the *iﬁcﬁf%mt leehhaﬁd are

"_"evaluated S A Far \

'_ .Varmus mcndeﬁt prbbabnhty models have been developed overeeas whu:h detarmm
f--"accldent rates for specific fagilities based ot detarnnmstzc and stochastlc mﬂnences.;? j:_
_'eiy “data hungty and in tha wﬁter s view 1mpract1cal o

. C 28y Thase models are et
s f::: _ for normal use O
ol The usé of overall aecldent rates. for a speclﬁc type of faclhtv whﬂst not gwmg the
. __dagree of accuragy ra.md i the mcre numplex models, nnphc:ﬂy contam th& factors |

' ".whlchaﬁectau ingldentasdesr:nbed above,_ _' 5 T A

o g meg to:a Iack of d’etalled dam. 1t is pmposed that acmdant rates he based on the type .
N uf faclizty dmded m terma of the urbanfrural condatmn '

= p

Coo ":In terms of urban condrtlons accxdent rates for various ..%utes in Johannésburg and
o ':'-'Preturla (30) Were: nbtamed From these 1t was possxble to determme accldent rates
’nﬁmber of accidents per 100 rnilhon veﬂhcle ktlometres) for three types of facmty
-thesebeing Do e R

i : Freaway. C R Ceo
R MaJor &rherla! _- S L L
S f’_'iii. anr Arterxal. o - :
o | For rural coud:tions rates wetq-'-_obt_ainéd_ from -a study uhdgﬁfa_ken bythe _.C__:zapg'
Provine:al Authonty (Sl) - - A INES

. “-._

i
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B N ﬂ' RBAN - - g m

;

P :."Ma.lﬂf Rﬁatfs 1464 (m) 5“@)
: _._-_.b_}_M'mer Roads 2912 (i) Tedozan o

?. o ) S : S ‘l\

R -

Cw Johannesburg cnvhc:euncn 193 ‘11934
L (n} Cape Prov‘_ iclal Authonty 1933"? o
1933 1985-___'_"__

greate:thaumaruralatea. Sl

'f‘- A ',_J.t\_ LT e

_D._' (RN

o Hewever the ﬂow rate tends to vary emnmderabl}r dependmg on the t:me of day in’
_wh:ch the mumey ls undertaken Tlns sntuanon is particularly crlt:cal wheu urban :
- __-eondlc;/hs g cons:dered S S S R .

&
o

- R

o sectien may be estimated ﬁor a spectﬁc tlme of day frqm ADT volumes

Lo .
. R A - . - g
e o . . o .

% :

Cowon T

| It can be seen shat the hkeliheod of an acc:deﬂt m an urba.n area lS crver 10 tlmes

_ 3_' In erder to determme the number ef accidents that are hkely to e-ecur whﬁst the
S ~ hazardous 'vehicle is utihsing the route. under eonsrderatwn if nec,essary o determm
* _"beﬂow rate tq) qh the parm:efar facihty o e g

| . :_' Iu the ma}or centres hcnrly traff‘ ic counts 011 ﬁié’ ma_]er rtmtes are normally readlIy '
. available and no cerrectmns are necessary for the varlations}m ﬂows S r
Lo However, in the rural areas anr.l on mmor gnutes,)hourly trafﬁc counts are unhkely to
ol be avaﬂahle In these cases, Average Datly Tratfic Volumes (AHT) are’ normally
o 'estlmated by the lecal authoufj; or the Depamnent of Ttanspm't in the case ef ﬂ:e mra!

Tahle 9 mdmates a typlcal suburban s#reet busmess and rura! area the eorrectmn I
 fagtors (32,33) ,in percentage terms € ) in which the ﬂew Tate on- g parncuiar route
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JUPBRIOD PERCENTAGE wrl T
S R ‘:"-f SUBURBAN BUSINESS JRURAL

Afternoon Peak*. SR

te:‘ on a sectwn ot‘ the rouﬁa depends on the tu:né spent m that sectmn of ruute

o anﬁ.?he"ﬂow rate, IR S

Dmg_\ i . ) R r

e The t\ne spemt in fhe sectlon under ennslderatnon wﬁl depencf*ou the a;yerage sPeéd and
L _' tfy’- length ofsection :: R : RN

FreeWay .5'.: . l 75 : . 90 . . '. .
Adteral R " I

Q.
Ty A

It i assumed that the vehlcles can‘ying the hazardous matenat Wﬂl travel & the e
Sectwn s operating Spegd for the purpose of calculaung tune Spent on the road

e

1

MinorRoad CoNTUL e m Tas e e

R
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Three types ef damages are hssumeel :o result from ﬂze consequent zmpacts of a
hazarduus matenﬂy mc" dent

SR o 0Damages t@ mdiwduals dlrec;tly involved m -each aeeident (this mciudes B

3 _drivers and passengers of alt vehwles mvoi; and uc(;acent vehicles) ) e

LR
. e

i ﬁDarnéses_ to i_ndi_\'ﬁd}wk? 'nsétj diréelly involved i he accident but who residedn
PR _p;r'exs_xia:ty 'ft_o-th_e i'n._cidenttsit'e

;i_ii. General property damages that result ﬂu:ectly m‘ mdlrer-tly from an mcrctent-'_-_".--

- (this lncludes vehlcles and other propemes)

chever, _m.,ﬁre develepmen; ofthns model it was assumed that when a substanual,-f_.__{?"--'_

quantlt; ‘of 4 lethal hazardous raatenal is re!easeﬁ inan incldent the: most. important .

eon&*‘guence‘* ef wncem is the loss of human lee and thus fhe damage w genera}'__'_
pt‘bperty hasheem 1gnorede" e A _ L L

’Ihe oonsequeace of an: mc:dent 1s depende.l( “on acaumber of f'acto's. the promment'

S - N ,Twe gfmaterial released

e '-Amount of matertal re!eased

L _-.'fSuxround'ng populaqpn

- SR Surrounding vehicle eccupents
T " Fuel § storage faclimes in v!cmlty
PR - Nearby waterways R
e Preparedness ofprotectmn servnces
| _ ) - '-_'-;Driver traming IR
Lo Correct Hazchem s:gnage!loadmg Qf %hiclg

Wlulst alI these facters have an mﬂuence on t.he eonsequence a numher of thene
faetors are. dlfﬁcuit te quantﬂ‘y and are not eonsxdered in the model. As the focus of the

' model is on :he protect:on of human life and’ rhe nsk is most effectively c;tlculated by



- mnszdermg the expec_éa pepulagon at nsk w;thm the hezatd arw of ihe splll 'I‘I'ms,*_:_jj"f’
. timg ef‘ d*ay at which the shspment takes plaee should b,e ‘taken- mtcr aeceunt wher S

i .: estlmaun;g the number nf exposeﬂ mdlvﬁcluals qn the general pubhc
i - . .. .z:-.-._ e @J i ;

R :__--'E_'bnﬁade traffic

o

o __;-,.;'.elemente are diﬂ‘icult te quannt‘y and have been excluded from the model

o {T"'-g S

:1 : __'-In the event of a release ef a hazardeus srﬂstarea Jthe escaping matenal wﬂl spread . '
. j_'_.c\raporate and mix with the air surrounding the splll formmg a cloud (If ﬂammable,-'-f

. - the atr-fuel mixture will ‘uum 1f a suf le 1gn1t|on 59““33 s IS pr esent)

e
;‘p&\'- fh‘: N

- -i.The {Fetails of the spreading and eloud format!on, among ether thmgs, depend on. th&

7 S rate, of release et‘ the matenal ity denslty, %rap%nsatlon rate and - buoyancy, o

N X meteerologwal eondatnens, and: terraina. ‘The: eloud that is formed i 1s eharacthed by its -
R "_51ze and etfneentrahonatany lueatlon relatlve to the release pomt and at auy txme af’ter :
'__release S RTINSV oy f}

N etual mfermanon of ﬂ:lls type is dlfﬁenﬂt to ob" In the mess ancl turmesl ot‘ an
o accident, the magmtude of a release is underst 'dably dlfﬁc:ult to deﬁermme, and

o 'sub_leetwity m makmg judgemenfs about the s;ze _f an xmpaeted area or the value of
- damage fay be unavoidable. Assessmants of i injury alsczne sub_;ect to interpretation. -

- wnseqﬁences are bemg reponed (353

. ﬂ

s deacr;be these eomplex events, The models differ mgmﬁcant!y frem ene another in

o ’I'o be preeise, the pOpulatlon dens;ty should mc[ude any ‘ou-scene pmfessmnats (ﬁre .

. h ;xﬁﬁpia!s and related emergency persounel) and the~ degree to which

. - persons- ini. the. iethal area are wlnetableu(dependmg on the ﬁre protectmn semces‘ . .
E preparedness, mtshl]ity,r protection and 50 forth) should be reﬂected However, ﬂl_eee_:__

S The guidelu'? are not. always ciear, and the mouves are net always pure when acclden \ |

'« sophistication, because of their approximations and assumptions, in eharaetqusatron of

ﬁ A mumber ef mathematical modeis have been developed (35 §j6 37) that attempt tG_ '

v the source (pomt of ared source, instantaneous or continuous release), orin the manngr .
PR of sp:eadmg and alr entrammem. For rhe majonty of materials, mput data on xhatenal

E __"propert:es are lackmg and data for sumlar matenals are used wh:ch g:ves riseto-

RN : errors of um.ertam magmmde,

o 79 B



The zone of m:.pact cﬂhe m}aasa of a hazardous nﬂtenal is affected hy a number of
L :factors which vary from mcxdent te incident and are niot properly described in ths:'-
Tk f.‘.mathemauca‘l madels. To dlustrate the above. the release Tate of-a chlorme tanker 18

o a ._mnsndered Table 11 ﬂ!ustratas the estimated hazandous area’ of four majur re]eaaeg o
f= ."f:;scenanob asg:ven by Andrews etal (38) R S

S

. Acontmuous re]ease of«chlmrme vapour T
at4kgisecond T T - IR

2~. A cnntmuﬁps release of Ilqu.r.l chlorme
at 10 kg."secbﬁ:} ' a
' 3 Extreme rapid 0 mstautaneous reiuase
K L.T'ofall contents : T

[}

e

1

- 4:;."Instantaneous and catastmpﬁic faiﬁlre e -

'--'r.f'.:

B It can be seen that tnew is cuns:derah!e varzatmn in the taéius of unpact resulémg from
S : JllSt one of the many factors affectmg the clnud formatxon a B |

A ; “ . . : 5

. . As a result ?nost estlmates of | evacuatmn drstance. have heen based on tha "worst -
possxble smﬁnano“ appmach “wh:ch have factors of safety of up. to 10 Thls is evuient
-_.“hen the values estuﬁﬁt&d I‘abie 58 are compared Wlﬂl thoSe bg the USA
' Departmentof‘l‘ransport giv mn Tk‘ble 12 LT T

L _. 1543 M’M@ IL_S_.tlh

. The most unllsed source of evacuatlon d:stances is those gwen in the DOT Emergency

oy - I _R%ponse Gu:deboolc (39), Table of Isolauon ah /Evacuatmn Distances In absence. of

. ‘more reliablé information these ﬁgures have b used in the foilowmg analysls and
are lllustrated in Table 12 | - : -
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St

SR E .PmsonB

- : Tn the __t'iiOdel a poyl? ut correspondmg toa clrcular zone of xmpact for each spill is':_'
pﬁ/&t ; ianl;n;grdted ovet. the !ength oi’ the lmk to obtain the

_ ~ "The czrcular drspersnon f‘ormula lltﬂlsed in tlns study is a centre lme of plumg estlmate " :,_
_ ; Z'with 0 wmd blowmg As such the lmpact zone estnmated for each road lmk tend&to -l
B sl qver«estnmate the area: that is likely to’bs affected ina real smll sm:anon The area of g
m:pact for each lmk depends on the nature of damage from a potennal spxll

: :--.ZHoweever, tha evacuatmn dx
R -_preparedness and msthe. dzstzmc@s w:thm which the materials releaSed arehazardousto
o hwmanlife, T egr e e e

.- assumeg, Tize int event is
e -'._-:f.lsk'... ' BRI
_-_."'The assumptlon nf a clrcular zone. of :mpact may not reﬂect- mallsuc d,lspersal of -

_ toxic contaminants. As nted by Schulze (40). the shap& of dlspers:on cloud‘ may Yary s

.:-.Af_er':age'.'ﬁ\{}_ac'na&dn

clm B explﬂswe e Sl 0’8 V
ﬂm Cexploswe S . :
" Fommable Tiguid e
- Combustible qumd.. R =
-. _.'-F]ammable gas ) | _. .. - | 1’& o .
_.__""'3--"N0n~ﬂammahiegas B £
: ".'PGIS'UIIA '

- 'Cormswe R
a '__'_:_-"_O_x:_rl__lsar?_ SR

. B (_\,.“

oes presented m :,I.‘able 12 take no- ecgmsance of

g

oo

ns:derably, dependmg on wmd speed and dlrectmn

A
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.

| t’
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. zsgas it"

3

g .

ti

C b

E Eﬂploswe area on. sechou i of mute i} from maternal k (km’)
5= evacuatinn dlstance (hn) cn g SR

T '
R H

‘I'his equation assumes that all persohs thhin the exposure area are expose&*to the o

same ﬂegree Whlch 1s= clearly not tha case. e

o AhkoWltz and Cheng (ttl) estlmated tbat thg confentratmn of substam;es released in the _'

it cari be represented by an equatloh that forrls. a cone of concentration, where the -

euncentration is Jgreater nearer the pomt of re!ease. -'I'hxs mm:ep&is dévelo;;ed fﬂl‘ﬂlBI‘

be!ow m Semon 15 4 5

. o

As exposura to' each pntentxal mcldent vanes wnth dlstance frdm the mcldent gite, the

D—M—Mﬁ’ﬁis sio Co-effigle (CJ LR L

" more distant point% are not contameri withm the range of potentzal damage for the same .

duration tlme as nearby pomts. In order to take cogmsance of thls fact Saccomanne et
.al’ “2) recommendqd that the eprsure aréa has bean rﬁumphed by a factor of zl4
(23), to standardise the range for exposure variat:ons with dlstance. Wghm thxs

Tha c:rcular dxspersxon assumed in this study is estxmated from the centm lme of tha

Imk with. no wind blowing. As suck, the impact’ rong estimated for eaclz toad: link -
tends to nverestnmate the acea thit is likely to be affected in a reéal mc;dent smmtzon
However tne distcrtien of ﬂm cmular dispersion’ rtasx?‘x

dlrectzuns wil- most likel:,r prodnce 2 mm;mal reﬁuctmn of tha area of exposnre and

S mll ot affect the accuracy of the mode1

o

ting frarn ameven wind

m reduced range, al! loc«nqns are assumed m be equally affected by a@azatdcus mabanal
' mcldent. SR "i.“-?'-f;_. R Ty *...,.“': S R e
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én any partacular route bemg cqnmerad, ‘%he popglatmn deg;xs;ty can vary _
coﬁmderahly. W&allst these densitles can e determined #he calculation can be ‘tedious
and inay nnt be that at.curate uwmg,;a vanatmns m denszty ar specific tlmes“of the ﬂay

For expediency in the- ca}cuiatxon, population densxtles have bean categonsedamta f‘ ve '_ 3
gl‘oupsas shown m Table 13 S S e

TYPE OF
DEVELOPMBN I’

e ;

. CA'I'.EGORY

: Non-Workﬁme A

DENSITY (Dh)

Worki"ime 5—,

g —T

- Offie

| :__;Dlst!'lct& _' A

oy )

o .{_‘ng'n Urbanw Flatszpartments

'__'-'_R_Rwldentsai m e L

DetachadHouses -
ﬂngh Income
.' e 'I‘othouse

Mnumum 1 hece,'
Plot .

o Residential

o EEEN

26 peﬂple[he,q; SRR
.2 péﬁpleﬂ:ect ‘ S
(200 peoplwhbﬁ :- .. &,‘ - I ._

g 2 people/h g
(20pe,np]3/k i.if' R

(2000 pwplefm’)

‘o,

._,s_.- el -_ L .
. B

200 peaplemect. e

600 peop!efhect "

 2peopleect, . ¥

© 0,2 peoplefiets,
SRS S

R Y

:{_'! -




o nghﬁ ‘ - 1 f) 1 5 ton paylaad
SEI ﬁaﬂum o K 9 9 0 ton payfoad
Heavy S 15 0 - 2(1 0 ton paylcad

S ’E 'o .Lm-h.n_- QIA ggmmm c:gs _;i..f;.%

| ":'.ﬁ_':_:?-Onw the minimum rxsk rouae l:as been identnﬁed it ls nacegsary tq consider the';' ;

'dd’ferenca i operatmg cost in using the ‘normal (unrestﬁcted route) which is nnrma!ly "

"EJ' . _"'G

Lo ' .,‘."

IJ PR 'i*

D’i

. ¢ a
K . = e K . . .oB

: "A siﬂgra average apeed for each facﬂnty was asst.med mnnmg cost. ca!culatmn for
5 each type of ?aé:hty. Thm §pee£'s ‘Ware derived fram Table 10 and are ms:hcated m
. ,—rahle 14 . w\__f.-"___ . . ’3. R g\_. R
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* 7 the minimum cost route tothat of the mimmum risk route. The calchlatlon of operating .
<0 domtg have been well documented the most compfehenswe being NITRR mangal on the
e _. '_ Ecancmic Evahmtmq of "l‘ransportatmn Projects Parts 1 and 2 K64- I454) (,‘.ommarcial L
L v.ehicies are dwidrad mto three uategnﬂes

- _'f--i:'_Jn Flgure 27 the mmgonents,, n§ total. mnmﬂg cost (ﬂlﬁ'mw‘reﬂ at market P“"'es) f‘” C

: - :HGV s are shown ‘&:r teavel spesds, rangxng from 10 km/h to 1'20' hllfh Tyres and’ ‘“1

“ <for HGV's' constitue between 13% ‘and 25% of totel ruining cost, whilst fuel

o : :'-constltutes betw%an 39% and 52%; nftotal msts. DepreclatiOn ubnstntutes between 10%
. and 25% oftotal bcsts fOI‘HﬁV'S;ﬁ 1.'7' SR A
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'- T’hé_ .cu__r_ves' In Figu"re_jzfa' ar';q based-oh the foliowing values:

Table 15‘ indscates the total runmng wsts fbr veh:cles carrymg bazardws .naterials
utﬂ 1sed in fhe analysis.

CSpeed@Em) U Cost(eemtsfm) .

w0 1o

S s uLs

) In Flgure 28 fhe cost af travei nme at travel speeds ranging from 10krn!h o izown
is shown, The four cwm re]ate to t:me costs for high and low meome groups as Well
a8 tu‘-’wonkmg tima and Ieisure time for each ino::ime group, The oc:-sts ‘;wxll obwmrély

increase in multlples of the occupancy rate. slmuld %.‘ae drlvér haﬂe an asgiglant. Leisure

':-tia‘ne is rated a25% of WOrkIng time and, fn genaral, the PWV cost rate i 1,1 times
that of the nat:onal c@st rate. " S

s

[ L

Wdrking'l‘i_;jié:ﬁ-w S ST
CAPWVAr T 1m0 348




S _The fullowmg assumptions were made m mder to calculats the cost of‘ the travet ttme

-"'-'--"'Qfahazardous rnateria.l vehlcle gwen in Tab!a i’! thésabemg. R _  ’

i, PWY area work time was assumed,

L

T _{ﬁa; véhicie Qécﬂpani:y_ t)f twn 'pe;s'_nnsl?eﬁi_i:!e v.'e_asa aés"l!_tﬁed-._i;é'."‘d_l‘_‘ﬁ_‘elf pi‘us.magfﬁ, S

u E bqﬁi'b_.cc;ipants'wére bi‘ g'ldw-'i“#fmﬁié group.. |

gy B

Prﬁctmoners who requlre a more detailed analys:s of velncle operanug costs are
referred 10 the Rcs*ad Preight Assocnatmn s vehicle cost schedu!a (45) The,;r analyszg s
“based on an annual survey of thelr membership and consider each axle Lonﬁguranon of
.'-commerclal vehnq[es, howevgaymﬂconslde;atmn is ngen to stafﬁ?costs L



It is olesr that otie | of‘ t.he 1mpedtments bo tl“; successﬁti tmplementatton of nslr
_ assessment for. thje problems of trsnsitortmg hazardous mstemis 1s the ;nsdequaey ot‘ o
the d&ta, m bﬁth stope aﬂd d&tﬂll S ) o - .. & . R :._ . oo .. 0 B

_.'.r'The ‘most- oontroverslal aspect of the zmplementatton of r;sk assessment is t.he'-'": -
-__"'evsluatton and mterpretatmn of the predteted risks. This aspect of the prob!em involves
e Judgements based o factors that ate clrfﬁcuft to quaottfy They mclode the hazards, .

"‘_'rtsks, costs and beneﬁ‘ts busmess and polmcal risl:s ete, . There is the tack of .
: ooncorrence as to what attrtbutes shou]d be 1neluded in these factors Evea i all the
_--'attrihutes eould be deﬁned snd agreeti to, thetr quanttﬁoatton is not readxiy ac}ueved -

- However, tt ts necessary m obtam a comparison of the routes uoder eoﬂStderatton. _.
__'_';'whleh is logtcal and sgstemstie o TR '

...'_:‘ - "“ - B
i e .

. ‘The output i’rom the model endeavours o prov:de | 1eve1 of ns!: based o the potent:al -
”"jnumher of persons muolveﬁ ifran. mc:dent for each tl‘lp Asa hazardous matetial -
'veh:cle metdent tends to be relatzvely Yars, as they mke up. only a small proportton of

B _the total traﬁis on a route, the numbet‘ of persons like!y to be mvolved in'an motdent' -
: 'tends to be low 'Ihts makes the declsion to use a IOWer l‘lsk fouts which may mcur B
| 'hlgher operattooal costs an’ the part of ﬁle operator mote difficult as the operstor Is ]

'generally not in g position to appreciate the risk to the community as a whoie and the"'.-.'_ )
_subsequent socxa! costs mcurred by such an mcldent |

| _'Whete this dectsxon 1o uttlzse 3 lowes ns!: route thay affeot the eompetxmre posmon of
- the carrier and!or the shtpger and/or the avatlabthty of the commod:ty in g timely -
- mannes there is bound 10 be oons’lderable Fesistance to- its use This promotss the -

| quest:on, can business risks be accou;tted for and somehow be balenced sgamst the risk o
 reduction of the hazard? From the operator's -point of view’ travel cost is his only" |
: -_consnderanon, as the social cost of an mc:dent is: porne by the who!e commomty
However, certam operators msy feel that the cost oﬂ adverse pubhc:ty asa result of sn - '_
- mctdent msy mar tlze operators xmage as?t safe caa.ner and therefore utilise & lower rlsk

route. -

8
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Tl L

Routa 1 Ml motorway.e‘RSGS.
Routez MZ?
. Route 3* ' ‘E26

'im_ese_ tbu't‘éié 'fa're "iliustta_ted in_ Fi'gur'é zsi:.l

. u;. .

rouws travel thmugh urhan areas. and cﬂy centres

accldents and cﬂnsequence e

RS
Ee-

The bohjplété‘anélys_is i v in-Appendix B,

Z:To lllustrate the applit,atmn of the model three ~‘rt::ut(ae; hetween Alrode- in the southem .
B mdusmal belt 6f Johanresburg and Sasolburg were analysed, Tlus omgmfdastmatm
h _pau- was shown to be most common during the data col[ecticn surveys ' Ao

B ‘In ﬁus apphcatmu 1t {s assumecl that a s;ngle tanker 1oad of 32 tons of petrolmm 1~
be transportsd between thg ongm! de‘sﬁnat:on pa:r dunng the mld—mormng penod

.All routes dxffer in both types of faclhty utilised and Iength of mute. Ssme of the

e,

Likély'ﬁumber‘of S
accidents (acc) - o 4,37_ 'x"_lﬂ"é |
ConSequenCe I-.xposuré . 43 -534_@"-
(Persons)
Risk (Persons) 66

Co3%6x10°
@Sz

s
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me Table IS we cmsee that the. type of facmtjr used by the haZarflOus Vehicle has a’y’
large mﬂuence on the likelihood of an ‘accmlent where Route 1 wh:eh utll:ses the Nl |
A , torway, has the lowest nccident hkelihood 6ven thuugh it 13 ot the shortest route
W ereay’ the Iengﬂz of the routa and the adJacent populatzon densztles tend tn aﬁect the
COBS&C[IIBIICB ' - . e . e L -
In tetms of the route whmiI is least likely to be mvolved m an. mcidfmt it caﬂ be seen.
that Route 1 cloeely followed by Rnute 3 ara mnsidered 0 be most approprzate L

e . . . . R . o

The .o'per'atmg. cost .:o_‘f.’_isi_lig ;fhef-th?e'&_ a%Fér'naitives routes i -_jg'_iven'_ in Ta’_bléfiﬂef" S

ROUTE ROUTE I)IS’I‘ANCE SPEED THEQR-- RI.TNNING TIME I‘OTAL
TYPE (km) (kmfhr) ETICAL COST COST (RItnp)

- L., TRAVEL (thnp) (R/mm N ;F?

e (mm) i

Sl

ENE RS I SRR ' Y _:-"-'-63 27-“-'_ Coa06 : 68,23
ooz e e e 100k ¢ 04 1108
B P T S S LR A SR
B R U . s S
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" ROUTE  POTENTIAL PERSOHS

L It can ho noon that owmg to the duectness oi‘ tho :oute and the hlBh operatmg 3999‘1:--:;:-;'
'Route 3 has the ieast operatmg COSt R ' -

: ___.A .

'-""mjured BRI

B INJURED PER TRIP

R

R A

E f') R

'.n .

In terms of total‘ cost 11: cao be\seen that wnh 4 marginal morease m oporating cost, tﬁe e
B potentmi person injured can be reduged substanttally ie. utilismg routs 1 (whtch has
- _'the lowest risk) mstead of route 3 (whxch has the lowest opemtmg cost)q '

_-_.._.-As the consoqueoce factor is Iargely ﬂependent im the popn]auon dens:ty aﬂjacent o
‘the: lmk whlch varies throughout the day, the model" could also e used: Mﬁm ﬂle_'- L
- most appropuate tuue of the day to move hazardous matenals i order 10 feduca tbe i
o _'potennai r:sk _



The modellmg of rare hazardous Vehh.ie incidents Implzes that subjectwe evaluatmns--. o
and estimatds must be made and Some uncertainty -is bourd’to exist. 'I‘he range of
attnbutes ‘Wh;ch could e included n the mouol are large and some xmpuﬂant factcrs_‘ o

whnch may relate wa specxf ¢ fallurt. ar damage mode may have heen nverlooked
However, the need to provide. i practical comprehens:ble methodology fur quantxfymg e

risk is needed 'i'hese simplifications do not mean that the resulis of the rnndal are of .

poor qual :ty or are useless for pract:cal décision makmg Vanauons are bound to occur; N '_ |
in the appl:catmn of the model hy different users as its Blmpﬁclt}’ requires & cenfain .
amount of ;udgement, however theée ermrs are relatxve and- lxkely to occur thraughout.__' N

tl;e whnle analysm ancl to each rouf

Clearly the routmg of hazardous matmal vehicles to low risk routes can enhance
plabhc safety‘ Whﬂe these Tow risk mutes maiy reduce the potenttal extant of damage. |
assoc:ated wnth an i,ncndent its: effectwﬁness “pust be Wewed ui relatlon to possrble S
h:g‘her operatmg costs wh_ch m most mstances lrull outwelgh the beneﬁts to soexety

et
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_The smdy clearly shows a Iack of wmpllance by heavy vdhn. e Operators of the

_: regulatnons goveming road transportation of hazardous materials Ooly 22% of
o vehacles carrying hazardous materials comphed with regulatlons in alt Tespects. The'
“' reasons for this low oompliance can be ascrlbed to. ‘weak faw enforcoment and. 3

/ﬁ:dnﬁ%rence and neghgeuce among opemtors A majonty of duvers had no. ldea what
- substances they were carrymg, an extremely dangerous situation : should an mcldent.
~occnr, It can Bo arguod that South Aﬁacan heavy—vehlcle operators are onder '

e __.ft:emendous prossnre to- oontam oosts w1thin a Iughly mﬂaﬁonary and competltlvo' '
o envirorment, but this cAnnai be sufficzent excuse for presentmg such a serlous itireat to -
. E -thepubhc. . :"- S . S

B

hHoavy Vehlcle band vn.ith dmgrams were coostructed for the PWV area in Whlt]l the

o _'thmughar&mdeotla‘l area. g

" expressed in Quantnﬁable terms such as persons mjl{ d, was developed. Representing -

| -~ buslest road’ sectlon w.s found. © be on the N3 homeen Glllooly § aud Gelde.nhu:s -
_ Interchangos Excluding exploswe trucks 283 Vehicles Larrying hazardous matenals
- pass througﬁ this section durmg a 12 hour period Iromcally, this is consmerod to- bo .

ong pf the potentlally most dangerous sect:ons of the entira NS becauso 1t passes__ :

S --'.(:' .

A risk assessment model Whlch tends towards the absolutp, ie. whero the nsk is '_

" rare accidents impties that subiecnve evaluations and estunates be made, and nimerical
" values calculated which are bound to -be uncertam Important“ parameters may . have_.

- been overiookeci but this does ot mean tha model is oflimited use. Tt is beheved that'

 the safe- transportatlon of hazardous. materlals tan: be. enhancéd through eﬁectwe .
; routmg s:tatogxes and that the modol deveioped can assrst in their deve{opments Tho B
- ase study shows that 8 mmlmum rxsk routmg strategy can. reduce the potentlal damago' -

associated with hazardous material incidents, with a marginat mcrsase in gperating

o cost, The effectweness of such a strategy muSt be viewed in relation. fo poss:biy h:ghor
o vehicle operatmg oosts From the operator's pomt of view the mtroduchon of at routing

strategy based: solely on miriimum rzsl: in all but a few mstances may not be oost_,{_"_' |
 effective. as mcldents aro raro and the probah:hty of an mcldent is- very low

'i:;_ R

condrtlons B T T RN TR

W}uist ondeavounng to prowde a modei which can be used hy hom Operator atid iocal N

_ authonty oertain simplifications were made Generalised, assumptnons as tox*trafﬁc

;conditfons in urban and rural areas haVe beEn made whmh need to be honed to Ioca] -

o 'L\'_{‘.'
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+##CK-KNIFE TECRNIQUE



JACKKN.[FE “VIETHODS \\

In certa.m prablems of Smusucal esn:m

able detailed kpowledge of the model may. .

an estimate. Jackknife. methods. provids &

- réct numerical appmxlmauons of both Tas
‘and standard error, and can give teasonalfy

reliable confidgnce limits. The standesd

retlca.! chatacteristics” of estimafors, 7

ing the influence function® familiar In - T
- bust estimation®; this relation, leads to usefrl v
 generalizations and vasiapts of the siandsd
Jackkmfe. The Jackknzfe is a-relative of
- eross-validation® and of vanaus nom )

metnc methods*

ONE-SA,MPLE JACKKNIFE St

e H A
i)"\' -

" To Bbgm w:th a ra.ther sampie problem, 5“?‘
- pose that we have a sa.mpla ofn mt:lfﬁpm&“t _
. the data randomly into two equal pieces, . .

__-f_suppamng for the moment that a {5 even; -
- caleulate the gorresponding : estimators 7y -
“vand Ty of 8; and then estimate the lead-

. observations Xpsase , x, from 2 pop

that possesses a well—defmcd chamc‘m’ .

- whese unknown value is of interegt. ¥
‘an estimate ¢ of 8, based on’ the samphmﬂ

- we. wnsh now to determide the bids and ‘-
s :_:_standard error nf our estimate. In addition.”
- we should: like to caleulate nrobable lumts'

tion*, theoretical complexity, or lack of i ford, eg. 2 95% confidence interval, How-

ever, suppose that we are uncértain as to the *

preciude a theoretical approach 1o calesi- distribution of X, br that we dre mcapaiale of ¥

‘tion of the standard error and the bias® of = suitable theoretical apprommatmn of the re-

. quired roments of T. What can be done? A

reasonisle: starting point in many problems

isto assumie that the first two moments of T
| __have expansxous of the forms | o

jackknife procedyre that we shall descrex, -
first tums.out to be refated to certam :hw— .

E(T) a'( ) aﬁf) e
var(T)*?"atcg) o+ Uzﬁ) R o
and tha: for Iarge sample 517; no
T E(r)} y -var('T)

uﬁ,_

@
'. is aPPrommater standard no!‘mal Evenj-:_'-_

L w:thout knowledge of the functions ay,.
| a:,‘, ¢i+ the structure in (1),can’be used. -

One very elementary approach is to spht: |



JA(ZKKNIFE ‘VIETHODS

In certam ptoblems of smusﬁc:ﬂ esmf -
tion*, theoretical complexity or Jack of =&
‘able deta;lcc\llknawladge of ‘the model may g
oretical approach o c:ﬂc:h e

prechide &

__ tion of the standard error and the bia€®* of
" .an estimate. Jackknife mathods®provide :*-Ir-
~ " rect numerical approximations of both xS

- and standard error, and can givy rpasomaily

reliable confiderica® limits. The standesd
. jackknife procedure that we shall desee
*“first.turns out to be related to, certaln thm"‘"

rétical charactensucq of--estimators,

 ing the influence functwn* familiar it =
bust estimation®; this relatmn feads tousd -
generahzatibhs and vatiants of the standed -

' jackknife, The jackknife is & relative of

N metric methods*

CLA

: ONE-SA‘VIPLE JACI{KNIFE

.'-4- LI}

| TO bégm with & rather smple problem, m:gb' :

- pose that wi have a sample of 7 mdepmﬁnt. :

observations Xy, ., ,-x, from 2 populatt .

| o that possesses a welI—defmcd charactensbcﬁ -
‘whose uniknown value is of interest, W"m,;_‘ z _
“Ziand Ty of @; and then estimale the Jead-

ar estimate ¢ of 4. baged on the sample; zed

280

.'_wc wish fiow to determme the bxas and
- standard error. of our estimpte: In addmon.-

we should fike to’ calculate: probable Hmits

for 8, eg. a 95%. confldence interval, How-
"--'ever, suf pase that we are uncertain’ as {o the

haw.- expanmons of Lhe fonns

var(T) (9) 0‘2(3) SR
n N

| ree sa size
cross-validation* and of various noﬂpm“ - .a.nd that fcr lar g mple 1z ”

o {T E(T)}/\/var(T

approxlmately standard noniial Even_
w:thout knowledge of the functions a,, .

"o, 4+ the structare in (1) can be used, |
- One very elementary approach is to. spht
* *the data randomly into two equal. pleces,

suppesing for the moment that n is even;

: d:stnbu ion of X, ar tffofi weare mcapablc of
*sujtable: theoretical approximation of the re-..
quired moments of T, What can be done? A
reaspnable s:artmg point in many pmblems -
 is 1o dssume that the first two moments of T{__ .

caleulate the correspondmg estimators. T~ -



ﬂ":".-mu- blas and v::;;ram:e“ ;erms of (l) by

T T+ Ty and T

- - nored However thcta nazvc esnmatesn
_-3unrehable :

" The standard jackkmfe methods devei-_:""'
_.-__:_..--"__oped by Quenouille [22] and Tukay [26] pmu'

"..vide a sophisticated way ﬁf extendmg the_ -
.. some authurs venerally refer to -

half-sampie xdea Det‘me

' -f——(n~' (T _.T'-,,) !'39'_[3’

‘com uted from X TE :
P f - 88 pseudo-taizzes. and f=or some purposes the

- analogy with data values l& apt. In: uenerai
.'the Pj are cc:rrelated e

' wherc T‘_, means

# i) L the sanple with X omitted. Then
the leadmg terms. for bms and varance in:{1) -

5 are’ estlmated by =T =—n 'E" ,! and
LSEa = 1 )2/{;1(11 -k reSpecuver
. -The bma-ad)usled form of T is therefore

esttmates both SE(T) %ﬂd SE(T)* 1gnonn°'_.'_
" terms beyond first order in (1) The validity . -
. of the bias correcuan i easﬂy checked by_-"

- usmg (1) to calculate ::_ e

-' ()=~ 1){( In 1

‘( ) +0(n“2).

-Where o(.,-k) mgang 4 term essennally )
- bounded, by a comstant times’ ‘n7¥, so that
fordarge o, O(n 2) is neghgible telative to -

- _. O(n—ul)

The Valxdxty of the sta.ndard error Sis

" somewhat more subtle, But for & very large
- clasy of problems ‘where (I) and (2) do

- apply, S is valid and ong can justify the . -
- Standard normal. approxxmatmn for bdth.

AT ~8)/8§ and {F —8)/$ for large . Thus
the jackknife method for calculating approx-

RS JACKK\HFE ME‘I;HODS

T*r)' respec- "
:_'tmely These estimates - arg unbiased for.
" a,(9)/n and o}(8)/n to first ardef meaning.
- that terms in higher powers of ™' areffig--

Emmple 1. _
g is the correlation® for pairs X = (¥, Z).

i Table 1 give values of Tewp

“nes of -

. dence lumts for ﬂ are.

equwalent to 0,175 and 0 956 on the correla-- :

381'

| :;m.ne 100(1 = a)% an:dcnce hmits for 9 is

-'\‘l d:'

T k: (1/2).:8 : . (6}

"'or T-'-L, “,2,“5 i the, bias co;rectxon is
~made, where &, is the upper 100e%, pq;m of
: t!m standard normal distribution. ‘

The slmple test case - T=X osho\EJs that
X} X I, =0 (a5 bias" adjustment is.

:_'-neeued of cnursc) and S is the usual sample-

standard “error. Because T+ J}H X here, '-

o (j-vl..._,n) (7)_-

As an Illustrauon, éﬂpﬁoéﬁ .tha‘t'l-

The second and- third’ columns. of Table T~

: 'gwe exaniple ddta forn = 15 law sehools, ..

Y =average, sr:ore on test A far new
admlssmns : W
N Zi= average scorc an test B for neW'
admlsswns IR '
 Because- (i) and. (6) ase. prohably more\_

_rehable for T'= tanh™'r than for r = sample

correlatlon xtseif we f1rst obta:n aonhdcnce

“Himits for #-= tanh~'g and then reexpress
- these lmuts otrthe p scale, Howcver, a bias™
- cortection for r must be obtzined, by jack-.

) )W )

kaifing r directly; and not bﬁr reexprasmng'

the: bias-adjusted estimate T, singe 'trans-
'-fonna.tlon affects . bias, Columns 4 and 5

and 7 =
r{ ~jy); coluning 6 and 7 gx\re val-

= tanh~'r _, and %%, From the
ca.lculatmns at the foot of the table we find.

(n— D(r~

'- that the blas-adjusted norreianon estlmate 1s |

r=r+1 —0776+0008 0734 :
and that apprammata 95% twe-s1ded conh— .

10357 £ 196 X 0 w8

uon scale. These lnmts are somewhat wzder
* than one would, obta.m‘under an assimption |



jf MDTHGDS

Tab!e 1 Jackknife Cﬁlgu}atmns, for Correlatlon wzth Law School l)atzf:1

~_".=i.l’c n

"’-=(ﬂﬂ)(r r(_,)) t{wﬁ*t&nh "wa

= (n - 1)(t e r{_.ﬁ)_

15576 3397 0.892.

7635 3.30. 0,763
3 558281 0755
4 58 3. _0‘?76*'_ “’
5. 666 : 344 Q731 . .
6. 380 3.07-0.780 .
355 300 0784 .
661 3437 0736 . .
. 651336 0751 -«

605
655 3

082
Uol? .

55 3120818 T o
575 5374-'_ o785 2

545 .-__.g__749\; T e kB804
5724288 0767 2L fb 126
-_594-: 2 96:. _' O.TI?

o e
0204 T

" opss i
C=o2

e T30
=058 -
: "IAH\O 126 :'\ o " o

_ "‘0042. '

e abas Ll

Lo . 0446 e
0984 S 0?11
SRS e e
L5606
coo092 o o 0 L3I0
. 617 T

1432 0 0

fc _. 'a'.-- \\ r==U.?76 T tanh" ‘r o 1‘0352 U .

e rscalc'! =0008
. Jackkmfe BRI

_.-caiculauons 'Tsca!e'J - -—9098 ‘3“,} —nf2=40‘1449 S-—"_-:_'_ _ :

. _i.’: 'O'.-.-_,__= :

_l}f-.

. :-Z‘Tcable enmes hiwe befn rounded off.
- Source Efrcn IS] e

B i 2 P

o
: .__5

of bnarxate noma‘ixty for X v.hlch assump*':_ | '_
tion ‘would’ cIearIy bc mappropnate fcir these

@
B}

data

The class of probiems in Wthh the hmus (6)
are’ valid corresponds . essentially: o those_
where- T is accurately approximable by an -
average: indeed. i is. this fagt which leads to

(1y.and (2). Thu¢ T can be a function of

sample moments or of U-statistics* {as long

an estimate of maximum’ likelihood type
[

24X, T)y=0 where

=]

solution of dn egjjla‘imn of the form
2’ is- smooth]; but T

_cannot be a single samiple quantile such asa -

median or exirettie value. Miller {16] reviews

the validity: of the Jackkmfe, Reeds 23] and :

_Mﬂler [18] ad: usef@y postseripts. -

that the Timits (6) are ‘quite robust in the

1*alidny sense, So that in the correlallon ex-
ample- they will be valid.for a reasonably

large sam”;ﬁe Irom any bwanate dlstnbu*mn; |

N Of coursc. thxs shomd nor. be confused wnh
efj‘ Telency robwmess or resistance 1o a‘berrant
 values, whlch the Jackkmfe does not have, ..

‘One Suggestion for’ obtaming more relic

_j_ab]gcconfldence hmus is to replace the nor-
‘mal” percenuie k- in (6) by the Smaent- t
. percemlle for -1 degrees of freedom,’
“where ni'is the number of distinct 1, vatues:

[20, 26]. There is no theoretical suppor{ for

- this.: Very often § has a positive bias [5, IV]
as the funciion ‘has nonzero derivative), or~

which tends 1o correct for variability in S.-
“With very large samplcs it- may be helpful

:eto make - initial (randmm) groupings of ihg

data,.say into g groups each - of size m

- =p /g, and then to let X, represent the Jth

data group in the earlier dlSCBSS'OH “This has

“the defect of gwmg an analysxs ;hat is. not

_ e umquely defined. - :

‘What ‘make} the- “jackknife appealmg 1s-"'

. interest, it is useful to know that moré re-
fined bias adjustments are possible. Relevam

- methods are described by Gray et al [7] and
Schucany et aI [24] -

For problems whcre the bsas is of specxal
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