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ABSTRACT

'The formulation of effectlvl1 safety measures to counteract the potential for
disaster presented by the transportstiofi of hazardous materials requires that
reliable data is available as to the nature and extent of such traffic. Such data is

n'

currently unavailable and a..roadside 'int~rvie,:, survey was conducted in the
PWV area in order to ascertain the quantities and t~pe of. material being
transported locally. the routes used, the types of vehicles rufd"c(1nUiiners

. . . D

involved, and compliance with existing. regulations. It was found that of .the
lQ68,,Vehicles su~eyed carryillg hazardous material, only 22% fully complied
with existing legislation.

A risk assessment model for use by both operators and authoritie~ i~ then~ .. " ..
','., ...' (' :"',' ,,' .', '" "

developed, in which the survey ~g(ais input to determine the least risk route
:f,'

between Johannesburg and Sasolburg.
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a

INTRODUCTION

The.tra~~sportati'on of hID!ardollS materials on r.\Je~road(~of Soutr"i,\frica presents special
pr0r~ms from the standpoint of safety. 'not because the 1)tobabHity, of accidents is
gre~t~ but because.the results of such may be fa?'iriore severe tltru? those of the more
usual type of accident.

J}c,curate statistics OU, the number of accidents in South ,bfrica involving vehicles
-Cca~rying hazardous materials are unavailable, However, studies undertaken by the
Unit§(kS~tes Department of Transp6~~ (1) ill 1977:' :nund that less than 0$1 per cent df

;_... '. ",,-,,:., \_., ....,.,~_. [J I;' . . "

the total traffic. death toll WaS attributable to the transportation of hazardous materials.

J'he possible consequences ot:such incidents ~J~6uld no~, however. be viewed solely in
terms of human life. Factors such as envirofimental pollution and propertf)damagy are

c . \J..I

\),lsopertinent issues,'as is the potential for chaos btough~ about by the pos~!ble need to
evacuate whole communities in-certain instances .

._(:\ .(' 0 - - .

Accident risk due to the .transportation tif such mat~~ia~~ is .an .i~erent problem and
South Africa has s~/ far h~en fo~nate in not having~been exposed to any majbr
incidents. \~QY'ever, in rela~lbn to total accident costs due to general transportation it
would appreari'a'be a minor one. Accia~tlt probability is related to expo;ure, and th~

\';

case of hazardous cargoes is no. exception. Public concern, though, has been fueled by
, . ~_- n ~

\\ the much publicised incidents on Van Reenen's and Majuba Passes in 1987, and such
\J

fears need to be allayed. "

! Up t!ntliluly 1987 only two. classes of hazardous substances were controlled by South

Aftican .law , .these being explosives and radio-active materials. The transportation of
flammable liquids in most areas are subject to Municipal by-laws but these regulations

I,," . ()

lacked uniformity as well as clarity.

Regulations governing the conveyance Qfidangetous commodities, other thanhplosive
and radio active ones, were published -in the Government Gazette No. 10818 on 10th
, .. .. ~
July ·1987 after some 10 years of deliberation, Thesef'-egulations cover such aspects as \,
labelling, driver fitness training and the reporting of accidents.

TIle Government's policy "of transport deregulation will .allow more operators to
become involved in the handling of hazardous substances. .Sueh operators may be'
difficult to trace and thus train in the proper handling of hazargo\\s. materials. Since
dPt-egulation in the United States, the number of trucking companies increased by 61
per cent between 1980 and 1985 and is still growi'ng (2). There is no. reason to tliink

1



CJ

IJ

o

that the situation wil], be any different in South AMca. Deregulati'b"n tends to foster
fier~e· competition, and one result could clearly" be neglect in l~aintainill!fr,$afety. liTo
compound tfiis, some"safety experts argue that temptations to cut corners on saf~ty are

<) ,IN·:'

a,~ractive due to the f~ct that enforcefnent is. likely to beiiinconsistent and the proposed

penalties for i~~ringement ate relatively light,

New chen{icals are becoming more complex and potentially mote dangerous every year
"

and are being ,g-~qerated. at an "accele;fted pace. Approximately 700 substances are
cover~jb~ the new regulations, whiIstthe Port AuthoritYoof New York, USA Hazmat
Re~lations Manual has .reeorded over 500 new entries since the Bophal incident in
India in 19~3(3), 1\

Po.

In order that a cOirt01unity '~an assess the potentiaPtisk and prepare itself to deal with
th~ err{~tgerfcies which result fron{' vehicular accidents involving these materials, jt is

.~, " . -. t\

jwperative that the what, where and how of hazardous d substance transportation be
established. " "

,:, (

The methodology adopted for the study centred around a practical approach in which
ph<ysicalsurveys werejmdertaken father that/relyIng on existing resources, which were
potentially unreliable i;lJ1dfar from co,mplete.

The project report has been divided into four sections namely:. D

Section 1

Section 2
\ ~J

':C Section 3

Section 4

Data Collection.
M'tldelling of flows,
Risk Assessment Model,
Overall Conclusions.

I,)

Section"1 documents the study goals, methodology and initial findings of the surveys,
including the level of compliance with the regulations;

Sedon 2 documents the construction. of a cowputer model, of the study area, the
presentation of origin/destinatiJln matrices and the graphical production of a network of. " .. "~ '. . . .

'routes indicating the flow rates ot'sJch hazardous commodities along/'-: '6 routes.

In Section 3 a model is developed which will assess on a rational basis the risk of a
. .

specific cargo on a specific route, The data requirements fo,? the model are minimal
thus allowing both smaller communities and transporters to determine the risk,

(i i~

associates' with a route with relative ease,
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S~CTION 1,.

DATA COLLECTION SURVEY
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2.

Tge goal of the project was to provide a data base on the movement of hil~ardous '"
cargoes 011 the roads of the pwy area$\

Ii

a 1\
)iP

The objectiVeS of the study were t(I:

L

it

\t
{1 iii.

Identify the type and quantity of materials being transported.

.. . _.... . ~. "'.
Ascertain the methods of conrainment.and/or packaging as well a') the types

II

of vehicle being used. p

Establish" the origin and destination Qf the dffferent m3i-;;'ials being
transported.

iv, Identify the routes most con:lJ.11onlyused.

v: Test the compliance and effectiveness oC'current regulations as per
Government Gazette R1162 of 10th July "1987.

'.)

\\
\~)

II

()

o

4
\\
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\1

c

'STUDY METIIODOLOGY

o STUDY AREA:
"1

\.
I, .

As noted eal'lidt, the study focused: on tile pwv area. The reason.for this is that the\' - - - '\ - _. ,,-.

major industri~ and' commercial centres together with high densities of populatio!lS -are
located in this a\;ea. A majority ofthe maj6r inter-Jrban links are surrounded by major
developments a~d thus offer a high risk of exposure to a major incident.

\

The Study Area\ consisted of the gr,eater PWV area, The reason" for this is .that the
major industrial.\md commercial cen~restogeJier with high oensltles of populations are
located ill this a~\ea.A majority of th,~major inter urban links ate \~urroundcd by major
developments thu\s increasing the exp~i,sureto a major incident:
I)' I I, '"-. \!I \f f 1

The Study Area dbnsisted of the greaf:er PWV area extending from Zambezi Driye on "
the northern outS~:irts of Pretoria to ~raSOlburg in the South and from Randfontein in
the West to Pulf01-in in the E~t, A 1"P of the Study Area is shown in Ftgure L

rhis area contain\t a multitude or J~fferenf land uses whose econqjl1ic" structure
includes: ,0 \ \1\

i I[

1. The Central Areas of Joha~nesburg and Pretoria.

ii.

• I
These areas have the greatest concentjlation Of offi9;es and t!}tailoutlets. "

F

Industrtal/Commerclal Corridors. I)

These areas contain signifidant concedb'ations ofmanufactui'ing industries land'
allied activities such as Sasolburg, I Va~derhljt Park, Spartan; lsando,
Germlston, ~or.lderfol,1tein and Industria. The corrk" ~rs"ate served' by major
transport routes (roads and railway).

iii.
~i.
\"-<.

Major \To~n Centres Outside the Centtal~~~
il (t C

{)

1)e:.:;eareas are retailing and office ce:ntres, principally ~erviirg the needs' ~f
Ii " . 0"

the suburbs although .some also serveja wider national or international role. ,)
The centres are also related to major rJiad and rail links.

\\

5
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I) (i

IV.

as

Rut'aiAreas.

,,'
')

o

In recent years th~;p~:~)ceSSof decentralisation has led to the larger national
: : __, ;;r:i '.: - ,_'. __ '. _. _ .' _._ _ " _:_ -: ..... _ _._ _ _ '. ,_)

companies relocating,'l.fZ!onlthe central areas to more rural areas '1l1ongside the
e- ··(i<; ,--. ',",:1;

major inter-urban f.'OutE~.ExattlPle:s of this type of situation can be seen in
Midrand, "

o
v, High Density Residentlal 'Developments.

These satellite the major town centres. and' include such t~~nships as So~eto
c 0

and Tembisa.

Thenumber of persons residing in these areas is a matter of speculatkm and
the areas are poorly serviced. in terms of fire services etc."

-,j -, ,-' " . -_- .,~'-

\'
~,

\\ ,) ()

\ ..As, can be seen ih' figure l the whole are':.. is well developed and presents a number of (\
~roblems\ to the transportation enginee~' in terms of hazardous material accident

1:-,

mitigation. t/

I)

o

(I

I)

':.::

7
\1
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3.2

o

()

{)

DATA COLLECTrON

As stated in the introduction, the basic modus operandi 'of the Study was to ta{(e a
practical approach:

"Limited' information with respect to origin and destination and chemicals moved could ','
be obtained from certain r'~ponsible chemical and oil companies but, "in general,

'- . 1..,'>

response rates, to information surveys are low. A" request for such. information was
published by the CHEMSi} magazine in 1982 achieved a nil return.

"

To date no previous wort<:has ever measured the extent of the movement of these\. " '._ 0

hazardous commodities on the roads of South Africa. Previous work on the subject h~d
relied on information tenoored by industry which has larg~ly been incomplete and'

'.' . f

Ul1!kr8C"ific because of such factors as the unknown number of-smaller operators
i'o '.>

involved a~~ the restriction o~~information concerning strategic materirus such as fuels.
~,

However> one of the objectives of the Stuuy was to test compliance with the recently
iIlttoduced legislai'ion. The only way to accurately determlne the compliance was to
intercept these vehicles by means of a roadside interview:

~ 0
/) ,A,.

>. "~

Once the metlJod)f data collection had' been decided upon, there arose the problem of" .. . . '-.

where to "survey. There are thousands of routes within the Study Area all of which'
.": . , _ . . '-.1

,COUldbe selected if a random selection procedure was followed. C '"

o \C-

However, OWIng to the increased travel costs on urban routes, operators tend to keep
v. .•

td,;the major routesr With this ill mind, a coarse network of routes was identified," in
whi\!h the major chemical industrial areas were superimposed on the network.

11 '

In ordet to intercept the Intern~}':-lnternal and the Internal-External movements,,,
roadside interview stations were placed at the major access points to the industrial
centres of MQdderfontein-;ChloorkoPt'sasolburg and Industria.

To sample the External-External land the External-Internal movements, roadside
interview stations we,re placed y?n major routes known to be frequented by vehicles

'" carrying hazardouschemicals.
'I

"From the above it can be deduced that the sampling process was in fact blased, as a
random sampling procedure could have selected routes :which carry little or no
hazardous material.

o
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o
"

3.3

In addition to the roadside interviews, mal1U~lc1assificatJon counts were made in order
to determine the composition 6ftraftlc"on the routes and also to provide contrcl totals
so that estimates could be made of the total number of vehidis carrying hazardous
material in any given mix.of traffic,

I" .... . I_-·· .~.::.:.)

Roadside interviews and manual b~assifications "were conducted at "13 points. The
positions of the roadside interview stations are detailed in Table 1 -and Illustrated 'On

(/

Figure 2.
ci

In addition to these l.3 stations. three additional manual classifications·. were made
where the type'of vehicle and United' Nations Hazchem number displayed were
recorded. At these three stations, roadside interviews should have been con{lucted, but

(i 'i

owing to road rehabilitation and the volume of traffic using the JouteS the roadside
" ,

interview technique became imposSible on the grounds of safety. ,I"
.... :-

(J

;The roadside inter,views and manual classlflcations were undertaken on a "light to
. "_ ~~. "

dark" basis which approximates to 06hOOto 18hOo. ~ a 12 hour period. All statipns (i 0

o
with the exception of Station ~.were conducted during these times.

At Statton 5 on the .R41 near Roodepoort permission could <Jnlybe 'gain,~ during the
off'peak'I;priod as it was necessary to close a lane in each ~\eciion to facilitate the
". • __ iimtervtewing,

With the assistance of the" local traffic authorities, traffiC' in both directions was
sampled.

o

9



TABLE 1 : llyosnroN OF' SURVEY STATiONS
I'

Location
f)

'i .c

IJ

Station. Date Road
No. Route

~;If! "
I' I Nov 25 1987 NI

:2 DecOl 1987 IUs
c-

c» I3 Oct 29 1987 R.56r()
1)

c-,? 4 OctZ9 1987 ~5

5 Nov04198,i R41

6 Nov 241987 M2
;,)

'"7 Oct 18 1987 M2
<2

R228 Oct 28 1981
0

9 Oct 27 1987 R77
10~, " Nov OS 1987 N3
sli'~~~lNov 04 1987 R29

(l

26 198712 ';::-; Nov N1

------------,------~-----;' 'j ,----~;"",,' Jr':

o

-,:)

13 Nov 03 1981 R26
14 Nov 031987' R568
15 Nov,,24 1987 Nl
16, Nov 24198? N3

2km North of.the Zambesi Drive, ,,-3

Interchange
"Ikm North of the Nl Brakfqnte.in
Interchange

.)

O,5.km.South of the Halfway Housel
Tembisa Intersection
O,5km East of N3 Modderfonteii;
Interchange
Ikm East of Randfontein/Roodepoort .,
Intersection ",

Between the Bloff Street and Harrow
Road J~terchanges
lkm East of N3 Interchange
1,9km East of Benoni/Brakpan
Interchange

11m}West of BrakPan Interchange
4km South of Leondale Interchange

.,

O,5km East of R558 Intersection
D ,. ., .,",. (!

2km South of the R28 Sebokeng
\ ~'"

Interchange
, "

lkm North of Redan Interchange
1,Skm. South of Vaal River Crossing'
lkm North of the Kyalami Interchange
Between GiJloolys and Geldenhuis
Interchange

(! I) .. o

10
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LOCATION OF SURVEY STATIONS



3.4

3.5

Q

p ~J

The survey was undertaken in, the mid-week period i.e. Tuesday', W~nesday or
Thursday. These were cOl}sidered as average days thus !'i.(.oiding,~he).ar&e'::flirectionaltl
traffic between the major centres. which tettds to occur on the first and last ~ays of the
week.

) !

The data collected from. each surveyed truck carryini'/a hazardous material included:
j'
\.1,-

ii.
iii.

Origin of trif •.
Destination''of trip.
Vehicle type.
~.1ethod'of containment (tank, drum, cylinder, bag).
Hazchem label displayed.

iv.
v.
vi. Emergency Action Code displayed.
vii. United Nations Substance Number displayed.
viii. NIY.1lher of ~ides of vehicle hazardous signs displayed.

;'I '-'.\i

(Po~~tionin&, fixing, condltions of signs.
AvailabHi~y"of delivery documentation.
Su?~t~n~~/s carried, ( ':
Quantity of hazardous materials carried by type.

ix.
x.
xi.
xii.
xiii. (~vailability of a scale card.

'I

xiv, Ii Date of driver's last medical examination.
xv. Date of training to handle substance carried:
x'~i. c- Availability of Tremcard or other information of product carried.
xvii, Direction of travel.

In addition to the above, the driver was requested to plot the route used, enabling a'
network Of routes used to be defined.

, (;

A proforma of the questionnaire used is shown in Appendix A. D

DATA ANALYSIS

The completed questionnaires were captured on<dl{:omput~r a.~d manipulated using
the programs General Survey Analysis Progr~m (GASP) (4) and MINlTR.AMP (5).
The results are presented in a graphical and tabular manner,

II
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4. Ii RESULTS

The results of the analysis of the truck survey data are divided into four' elements
hkniely;

Sampleestatistics,
Method of containment.o .)

" S',~~t~ces and quantities transported. ()
~il""V
Compliance with regulatiol')s;

Ii

o
'\\
II

(\

()

labeling.
,medica].

training.

(.J

4.1 C, ,) ':SAMPLE SrATISTI€S

At the 13 rOiasiqe iritervi~w stations, 19519 trucks were surveyedof.whiclr l068were
7:)

f0tind to be carrying hazardous substances. Of these 86% were found to carry
o sufficient quantity of hazardous material to, meet the current regulations published in

"U
the Government Gazette of 10th July 1987.

In terms of the composition of the total trafflc the percentage of vehftlcs carrying
,)

hazardous materials varied from 0,07 % to 2,4 % dependent on the location of the
station.

o

\\,
The results from each of the stations can be seen in Table 2. The station with the

u

highest concentration of hazardous vehicle traffic w"" as Station 16 which was situated on
, u

(/ the N3 between Gillootys and Geldetihuis interchanges where' 283 vehicles carrying
hazardous materials were recorded between 06hOO and 18hd; \

, J

"Considerable research has been undertaken by the Vehicle Safety Section of the NITRR
into the safety of ,articulated. vehicles. against rigid vehicles. In terms. of the type of

-s ~, . I.'

vehicle used to transport hazardous materials it can be seen in Table 2 that the:=::;-,,::::::>
articulated vehicle accounts for 79% of the total vehicles used, 21 ~ were rigid
vehicles and 12% of vehicles carrying hazardous materials also had a "pup" trailer,

13
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TABLE 2 : SuRVEY STATISTICS, ~.:

r ~
l_ ':~J

. , " '0,WTotal Traffic Trucks Without Truck~' Ith
Station Direc- During Period' Hazztdous Hazardous

I') No. tioa Surveyed Materials Materials
(7-1' ,~~. Rigld ,Art Rigid Art Trailer';'1 ',-'

"

./

r N 3868 372 214 11 2
S 3410 357 227 2 9 2

"

2 N 130~6 570 ,204 4 2 "

S 11694 641 155 5 7
3 N 81~4 jSO" 365 2 27) 6

,'I ,) 243~,;, ','

s 9012 439 6 25 9
Ii 4 N 10660 ~22 238 7 19 2
Ii 1;)

S 9494 " 6 86 5 54 7~
507145 j.:', " .:125" !K"~-1'85 2 32 1"\,~~-~ i.Iw "i.\

~. 658',3 539 252 12 12 1
.11

\10436 E -Not Re,~orded 2531' 33 70
\\

1653 874 10N N9t Rel\\orded 56
7 E f615~:' 789 273 38 26

12906\
0

W o 848 168 35 41 5t r

8 E 9946 \\ 511 521 11 51 2

W 10742 467 402 14 22 4
9 E 8286 386 340 (> 17 2

W 6784 362 377> 20 1
10 I:' N 3490 224 468 26 15

S \\ 3319 .173 ,i 280 10 8\J
11 E .3282 349 278 12 2

W 5851 603 381 4 23 2
12 l¥ 2462 165 194 1 18 1

S 2727 201 146 2 2,1
13 N 7078 530 572 52 ·5

S 7763 498" 327 44 11
14 N 5048 390 58 33 94 14

S 4711 260 220 15 72 8
15 N -Not Recorded 1055 441 8 18 4

~: .. i,'

S Not Recorded 900 345 9 18 3
16 N Not Recorded 2621 1735 19 109 19

S Not Recorded 2438 1580 12 110 14

Percentage (%) 63 37 21 79 12



4.2

'. The method in which a, hazardou~ materlal is contained whilst being transported has
serious consequences on the magnitude of an lncident. H{)wever~""only ~ubstavces
carried in a tank contalning-more than 500 .litres are required to comply.witl11ithe

'). ....' , , ' , ,,', , ~, it
hazardous materials regulations. The classification of the method of containment \vas
divided into four categories. namely tank, drum, cylinder and bag.

Table 3 shows the method of contafnnlent,4)f hazardous material vehicles at.each of the
roadside interview stations.

It can he seen that 86% of hazardous materials were carried "in a tank, 9% in cylinders,
3% in drums andI % in bags.

Some difficulty was experienced in defining whether the materia], carried W@S in fact
hazardous, espeCially tl)_.t.hecase of materials contained in bags .

.I, '.~l

4.3 TYPE AND @UANTITY OF MATERlhLS~ifRANSPORTED
1.1
\:1
Iii

Q

A great variety of hazardous ~lateria1sare transported through the PWV on a daily
II . ~.

basis, these include fuels, solvents, lubricants, corrosives, flammable, radio-active-arid
explosive substances. For clarity, the substances were placed into the following
categorlesi

"

Flammable Liquid,
Flammable Solid.
Flammable Gas.
Poison. Gas.
Compressed Gas.
Poison.
Corrosive.
Organic Peroxide.
Oxidising Agent.
Dangerous when wet.
Spontaneously cornbustlble.
Other hazards.

15
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T/"BLE 3 : METHOD OF CONTAINMENT
o.

a 9

...~
MBTHOD OF Cd'NTAINMbNT'\;"

.S'rAT!ON DIRECTION TANK ORUM' C1tINDER BAG
,..... [.\

I...._.-

';~F

1 >i') N 6

S 9

2 N 3

S 10;
<) 3 N 25

S 25
4 N 23

S 33

5 E 22 t!

(r;\V 14
6 il Not Recol'ded
7 E 40

W 51

~ E 32

W 31

9 'E j
W 13

10 N 24
S'<·: 14

11 E '15 t.l

W 27
),2 N 18

S 21

13 N (Ii,: 50
\~

S 55
14 " N 93

'8 62
'" 15 Not Recorded

16 Not Recorded
I'';

.-;;".;

\\

16

·0 '~I '.

o
'0 1"' 0

"0
c>

0 0

0 0 0
u .', c

0 1 ,()
\.1

t\_i)

2
~I

f/
3 2 :; 0
0 cO 0
6 '5 5
0 2 °c;"
1 10 0

:;-,

D

()

,~I

0 12 0
"1 18 1,~ .::-

0 1 3

1 1 .l..;.' 1

1 2 0

0 3 2 (I

1 0 0
.:c,_

0 0 0
1 " 0 0

0 "0· d' 0

1 Q" 0
,'\\ \

2 d .~ 0~
1 0 0:

0 1 0
2 2 0

,7
L;:' ',I

0 3 0
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o

o

o

-:;.

\\.
An additional category of hazardous substance entitled "j~ot covered" was' made which
refer~ to quantities of hazardous materials which are no!~required to cOp.1plyvlt':h'the

// ,',!I " ,,'" "

reqUire~euts of the Hazardous Supstances Act 19:~(ACct IS' O~~9~:). q 'I1t~..~
regulations govern" the conveyance of hazardous ~\lbs~[nces by toad taDker and were
published in the Government Gazette of 10th July 1f~o87.The reguJations state that
quantities ..of less than 500 Iitres in a $illgle compartment are not r~foUiredto comply.
This category was found tel be made. up mainly qf cylinders ofIlquid and welding,,'
gases. These cylinders typically eontaln approxiniately 10 kgs gas each.

i.I

Table 4, shows the various categories of material at each station. C)

o

TABLE 4: INCIDENCE OF MATEPJAL CATEGORIES TRANSPORTED THROUGH
c'

EACH OF'THE SURVEYSTATJONS (No. of vehicles) '\; (;

---

j k 1 m

02 .oJ.\ C4
Q3 04 02
01 'I" IS
,96 01 18
01 01 21
Q3 01 83
15 01 34
07 01 20
02 01 10

01 12
01 00 03~~c,

01 ,,02 07
08 01 \'j_ y~06 vI

01 31 ..
02 10 78

57 01 02 24 357,·.

04 -
~~

02 26

a

o

.~\ I?

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15"16

09
'02 01
07 -10 _
17 -
54
29 02
30 01
14 -
19 -
20 -

, 07 -
lO, 43 _
109 -
10 -

143 -

SUBSTANCE
'/j

b d o e f g he

01
01 01

36 01
23
01
12OR
11
11
04
11 01
07 01
21
12 (~ -
01
35

02 03 10
05 - 0 01
05 ,01 05

02 17

01
04
02

03
02

02
01 03
06 D4 04
01 02 14
.03 02: 04-
03 07
13 04 19

03
03
06
16
05

39 -

TOTAL 523 04 45 18 87 40 194 03
03. 01 06 03 14

'0

LEGEND: a Flammable .pquid
b Solid
c Gas -.
d Poison Gas
e Compressed Gas
f Poisc"J1
g Corrosive

h Organic Peroxlde
i Oxidising Agent
j Dangerous When Wet -;
k Spontanepusly Cqmbustible
1 Other Hazards '
III Not Covered

The category "Other Pazards" refers to substances which maycause pollutiol1 of the>
environment, slr or water, and result in damage to plant and wildlife While not
necessarily causing an immedi~t6"hazard to the surrounding populace.

17
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o

o the percentage of each category "is.shown graphically in Figure 3.

0, r . ' _ '" .' ,,' r
FI6~RE 3': PERCEN~ADE OF '/V.!dn~H~rC#L,;!!:E::!,!,S!,.....~~;~~~H~A~Z",-,A=R=D:...:oO<..;:U::.=S

'''MATERIALS AVERAGE ALL STATIO:K\,.

]<'lronmable Uq\lld
Flammable Solid

II

Flammable Gas
"Poison Gas

Compressed G~$
Poison

Corrosive ••••••
Organio Pell"o:dd!;)"
Oxldizing 4gett't

Dan.geft;lus· 'W'nen. 'Wet.
o '~pl)n.~~O\lsJy Comb •.

Other rrL\Zarcls
Not (::Qvereq

,.
"

o

o re 60o ~o SO
'll'ex'ce:Otage (%)

n [~

o
I) 0

e, As noted in the study methodology, the selbction of the Interview stations was made ill
'.~

order to review the maximum number of vehicles. T,he selection was therefore not
l'(:!l1dOlPand the sample is subject'to bias.

'0
a , l,\ oJ

In a. case such as this where there is a lack of reliable detailed knowledge of the oYeralC
system, a theoretical approach to ~je calculation of the bias of the estimate may be
precluded. Therefore in order to verify the'estlmates, ~ "jack ..knife'! (6) typ~analysis
had-to be undertaken. Jackknife methods provi<t~ direct riumeric~l approxlmatlons of
bias and can give reasonably reliable confiden9J limits. The st2rtda~d jackknife
procedure that was used in this analysis is relate4 to certain theoretical characterlstics

"
of- estimators, including the Influence function familiar in robust estimation ; this
relation leads to useful generalisations and variants of the standard jackknife. The
jackknife is a relative of cross-validation and of various nonparametrlc models.

f~
IJc

18
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In basic terms, tM {~chnigue as used in this application, checKs-dre sensitivity'of the
e 0 . ... ..' Q

results to the omiesion of one survey station; in this way a hias produced by a ~ingl~
(j . .',". . it.

station can becJcf~ntitied. A detailed descriptior!' of the technique is given ill
AI)pendix C" Theband of}esultsoprOd\¥ced by this technfque}s shoWft ill Figure 4 ~pd

;.', (J

it can be seen that the results obtained are consistent.u .

FIGURE.4,:. PERCENTAGE. OF VEHICLES CARRYING HAZARDOUS.
MAT~TA~~Cl{'KNIFEANALYSJS

Jo'~l~;mable Uq,Uld r-'"jfaliljjii.ii.ii~~~~i~~~~AMO;-l
Flam'lnl.\bI~ SoUd"
Flamma.ble Ga$

(~

Paiaon. Gag
C?mpressed Gag

POlson
CQ)t'l'oslve

Orgamc Peroxide
Q.1idizing Agent

.}')angerl»),g 'Whell. 'Wet
Spoll4n.e()~,sly q~m.b.

':' OtJ:\er aa~~d.g
Not Covered

i._I 0

11

40 50SO 10 9.. 1Q
Pel·sentaf..~ (%)

- I,o'ft' _ High
',)

I~)

\,_" _ \~". '':'\ ,.. _ ; >.. ;.. , . . \)_ :; ..... ... , ,. _ ..... . . ., i!

If the tonnage .,of J1~ardous material~h~arried is now' co~sider§d, " it call be seen' in
'table 5 that the' percentage of eacH type of material remains similar to the above apart

i;). . Ii 0

from the not covered cat~got'y~'

(i

""

C 'I

,) (, i)

o

19" 5.\

(I

I)
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\)



TABLE 5 :i'MA'fERIALS TRANSPORTED THR01:JGH THE SURVEY STATIONS
crONS)

SUBSTANCE PERCENTAGEQ\JANTITY (Tons)

Flammable Liquid
,Flammable Solid
Flammable Gas
Poison Gas
Compressed Gas
Poison 0

~~trosive
','Organic Peroxide
Oxidis,ing Agent (!

Dangerous When Wet

o

') U ;:.

, '

Spontaneously Combustible
Other Hazards
Not Covered"

2482'

54
156

108,
ii

506
373
1001

37 '
ozx iN"\""1 "',,68'~f,P ,( n
2$,1. \' "
to\ ,'\ I'"
7e d '--~:;:";~~\

153 i~\ ,;; q ",

~&t;,

38,0.
1,0
2,4
1,7
7.8
5,7
~513
0,6
9,8
'O~3

o
2,3

,.)5,1
100,0

The tonnage carried is also illustvuted graphicflHv in Pigure 5.

I.,

The high tonnage of flammable liquids recorded can I)e a,~crjbedto the large number of
fuel tankers on the roads.

fIGURE 5 :,MATERIALS·TRANSP.QRTED THROUGH THE.,SURVEY STATIONS~. . . . .... . . ... . \.'

II

@NS)

i rJl.l.mr.oe.l>Jo !Jquld •• iii
Flan:.mabl('l Solid
FllU:pnu.\bl¢ Gas

Polson GM
Co~prea$ed '-Gas

Poison
Corrosive

Organ.i~ PerOXide
Oxidi~ing Agent ••••

Dangerous when wet
Spontaneously Comb,,)

other Hazards
Not. Covered ~~~.
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4.4 0 COMPLIANCE WITH EXISTING REGULATIONS

"As"noted earlier in this report, regulations covering the transportation by road of over
'\?pO litres in a single vehicle came into force on the 10th July 1981 covering ~uch items
~\\ .. ' . ,.

as"'labelling, driver fitness and training and reporting of accidents.

J At the roadside interview stations, all vehicles -carrying sufficient quantities of
hazardous material to warrant compliance with the existing regulatiOns were checked
for compliance on four items:

l. Labelling,

il, Dr.{Yf;rfitness.
',\ '

iii. Driver training;'and D

lv, TJ1epossession of a Hazchern scale card and/or product information.

Labelling

, In th~ event of a collision or leak~ge of a-hazardous substance, major delays have been
experienced as the result otthe Emergency Service's inability to "correctly determine
the substances involved. Inappropriate action .on the Pl:lFtof these services has in some
cases escalate.g the potential hazard,

II

The regulations required" vehicles, that carryover 500 Iitres of hazardous substance, to
o

be labelled on three sicles of the vehicle (one on each side a~d one at the rear), Each
label conveys four items of information - UN sub$t»)Dcenumber, Hazchem emergency
code, International warning diamond. and contacttel~hone number.

{\

Each vehicle interviewed was inspected for positioning oflabel, method of fixing,
condition and validity of information displayed.

21.



4.4.1.'1

4.4.1.2

(,\,

lnfo!!.!illion Displayed on Label

Dlfficulties Were experienced in identifying certain substances as manufactuf\;.(s tended
to use trade names or in-house cO,~enumbers. to identify their products on the delJvery
documents. The question,~~ of drivers proved fruitless, (IS a majority of drivers had 110

idea what substances. they were carrying.

Approximately 11% of vehicles who were required to c,')mply with the regulations
displayed no labelling at all.

The iI,lformathm dispilllyed on the labels was checked against. the substance using the
/ "". . , .,' ...:;.

computer program HA.ZDATA(7) which l~1a. hazardous materlal nata Rase developed
" "'" "\,'

bya local transportation training company.

With respect to the United Nations (UN) substance number it was found-that 8% of
vehicles displaying. a label had incorrect UN .numbers for the substances carried.

'The Emergency Action Code used by the fire brigade to identify the correct technique
to .be used to contain the incident was found to be incorrect on 11 % of vehicles
displaying labels.

Positioning and Condition of Label$~
'J . " ", ,.1

';,or;

Ail vehicles cartyin~ hazardous mat,erials were inspected for correct number of labels
/r

displayed, positionh\g, fixing and ge~leral condition of labels.

The interviewers were instructed to make a note of the vehicle if the information'_, .' ". .' . . . ... l(

contained on the labels was not legible at close inspection. '
"

i) . r' "The method by which the labels Were fixek1to the vehicles also raised some concern.
VehiC!~,swere Inspected where.the labels were "flapping in the wind" or "attached by a
piece of Sellotape" or the "information written in Kbki pen",

48 % of vehicles were found to be defective on at least one of the above accounts.

22



4.4.2 Driver' Fitne.<;s

Drivers were questioned as to when they last underwent a medical examination, as the
current regulations require that a driver is examineJn6y a medical practitioner every,
12 months.

The current regulations make' no prevision however for the driver to carry any
documentation to prove the date given as being yaIid. ,As a result of this some drivers
may have given incorrect information.

.The interviewer noted whether the examination had occurred within the last 3~ 6~ 12 or
over 12 months. This classification was made in order to determine which companies. ~
are examining drivers on a regular basis and those wh~amine only to comply with..
the regulations.

The distribution of medical examinations undergone by the drivers of hazardous
vehicles is shown in Figure 6.

FiGURE 6 : DISTRIBUTION OF MEJ)ICAL EXAMINATIONS AMONG DRIVERS

12
Examined 1\"ithin

(months)

84% of drivers indicated that they bid been examin~ by a medical practhion;r within
the last 12 months, with 43% oftbjese examined within the last three months.

A total of 16% of drivers indicated that they had either never been examined or were
" ... '\

examined over 12 months ago.

23



4.4.3 Driver Training

In the event of an incident, untlt the emergency services arrive, the only person with
o

any knowledge of the potential hazard is the driver. Improper action on the part of the
driver can expose a large proportion of the population at risk, therefore it is imperative

\I

that the proper steps ate taken on driver training in order toreduce the risk.

The regulations published in the Government Gazette of 11th January J985 made
provision for practical training with regard to the safe handling of a road tanker
conveying various hazardous substances in .a slngle consignment and action and steps

t;'

to be taken in the event of an accident or breakdown.

The .eurrent regulations oU:y makes. a vague reference to a}lYf9rm of training under
regulation 10(1) (bb) (iii) in which it states that the carrier should ensure that the driver.
of a vehicle "is aware of and has aqcess to information supplied. by the consignor of
such grouped hazardous'; substance, pertaining to" these regulations and to aspects
cOilcerningthe safe handling of the specific gr~uped hazard~us substance or substances
being conveyed".

, In order to determine the distribution of driver training, drivers were asked to indicate
when tIt,ey underwent a hazardous materials handling training course)

The distribution' of driver training can be seen in Figure 7.

FIGURE 7 : nf,,)TRIBUTION OF I?RlVER TRAINING

percent~60~------~------------~----------------~
45
46
36 3.2

e 12
Exlunined wit~n

(months»)
»:

OVEft 12
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79% or drivers indicated that they had ~~ceived training within the last 12 months, of
"these 32% had 'attended a training course within the last three months. 21,% of drivers

conceded that they had not received any training or,tht~ course was undertaken over 12
months ago.

4.4.4 Overall Compliance with Current Regulations
r,

(lnly 22% of vehicles which were transporting sufficient quantities of' hazardous
material to require compliance with the currentregulations complied on all accounts.

Of the vehicles which were not required to complyas the quantity carried was J'e5S than
500 litresjn a single tank, .very little attempt appears to have been made to protect

(;

either the public or the operators' investment by ensuring driver fitness and proper
~.",. \1 " ,;).,. . .

training.

25



5. CONCLUSIONS OF SECTION 1
,;1

Th~!{p.?uIts of the 'survey .of tJ:\e 16 stations have identified a number, Of important
._-." .,-'l \
I$S6":0;"

{j
c,

In terms ot the total vehicular flows on the major routes, the percentage of vehicles
carrying hazardous substances. is relatively; low in comparison with first world
experience. A .val\~e of approximately 13% is experienced in the United States of
America, whereas this study found that the composition varied between 0,07 and 2A%
dependent on location. However, this should not denigrate the requirement for safety.,
measures as an accident iI1VolYinga vehicle carrying hazardous substances tends, to be

II . \\

low prop ability but high consequence incident.

The reiatively low number of-vehicles carrying hazardous substances should ah;v not
result in a lack ofinterest by the carriers in ensuring proper safety procedures which
ar~ plainly evident from the results of the roadside interviews.

The" current regulations, by first world standards, can be considered as being-very lax"
, . \'

offering the minimum protection to the general public. By taking into consideration all
"the aspects covered by the existing legislation only 22 % of vehicles required to. comply

',' . ,:: . . ..' 'i

witll the existing regulation actually complied. This is an extremely low compliance
rate which may h,we resulted from two factors:

i. the-regulations being unclear and ambiguous to the operator, and.,

ii. the lack or enforcement.

Although the regulations fiave been criti\!ized by the transport industry' as being
difficult tq understand, the regulations are however clear on a number of issues which~ . . '.' ., ~
alarge pr1!portion of operators have failed to comply with.

26



The enforcement of the'regulatiGus presents a difficult problem for the autMrities. The
traffie authorities are presently tinder-manned and the recognition of a specific"
substance as found in this study is difficult as manufacturers. tend to use trade names to ,

definespecific substances. Even if the substance is defined, the checking of tHe
information on thelabels can be tedious'unless computer facilities are available. No
information to prove compliance on such issuesG as driver training and medical
examinations need be carried and", experience at the different survey stations showed
that drivers learn to say the i"right thing", especially with respect to training and
medical examinations.
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SECTION 2

MODELLING OF FLOWS



6.

This; the second section of the report, outlines the methodology employed in the
modelling and ~:vaiu~tion'pf a network of routes used by vehicles carrying hazardous
substances ...

This sectiotris divided into'two parts, nai]1ely:

1. Network Description.

2., Assignment.



o

o

1. ~TWORK DESCRIPTION

The initial stage of the network description was to define a suitable zoning system and
to code the associated road network. wtlercver appropriate, the Study Are§ boundaries
were made co-lncidental (0 major administrative boundaries and/or the JOMBT road
network in order to facilitate the provision of input data and the identification of output
sUlrlmari~-,

.),~--.

>,:::/-P'

Journeys with origins (or destinations) outside of the Study Area boundary were
allocated to a number of much larg~ f external zones. The advantage of using external
zones is that if a coarse ~xterna1 network is used, the possibility of long distance
strategic traffic diverting to alternative routes call be assessed.

The main criteria used in defining tlie"zones was:

u,

1. The size of the zones should he consistent with the population density of the
modelled nEliwork. {,

il, Z6nes should'not be larger than i~)necessary to allow traffic to be loaded on
the transport network with adequate accuracy.

\\

iii. Boundaries should be drawn to include, WhereVl\r(,?ssibl;, conslstent types
of development with each zone (e.g. residential, in~ustrial, etc.). ,',

,. \\

'. 1\ "II

iv. Zones should not c£>ntainwell spaced out areas of~eve!opment each with a
different point of access to the network and poor int~ia"zonai linkages.

!I
I
i;

The definition of the lone boundaries was, as often is the cas~\, a compromise between
conflicting requirements (e.g. between the desire to "improve" the model by increasing
its size and complexity and the practical consideratI9~ of keeping costs down and
meeting targets of time scale and accuracy), however, 32 tones were defined in 1}Uand
these are illustrated in Figure 8. Thereare 25 internal zones and 7 external zones.
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STUDY AREA ZONING SYSTEM
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0.0

The most noteworthy zones. are:

I Central Johannesburg
Modderfontein
Isando
Industria
Pretoria
Sa$olburg
Chloorkop

20
21
23
24
28
30

The road network itself was described in terms of nodes (usually representing
Jur.ctiohs) and the road links connecting them. In ac'dition, certain nodes ,W~l"e required
to represent tone ce~tro1tls, the points where trips Start and finish, which are connected
to the network by notional links known as IIcentroid connectors",

,~! c:
GO

Th~ Ievel ~i';,det~iito be included in' the network description is a difficult decision as
'Clearly the more ro~ds are included, the closer is the repr~sentation to the network on
the ground but the more data input is needed. As the Study Area covers .the whole of
the PWV area it was necessary to adopt a fairly coarse network definition.

The network was classified according' to its operatio~al characteristics' and tho
'I

following' classification was adopted:

I)

00 "
01

Zone Connectors ,~. o

Freeway
"c Main and provIncial

j ~ , •. " -' <

S~coridai'yMaia
, ,~ >:"" D .,;)

.> -,

I.\i

02

o o
Q

o

()

o

Q
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The fo1l6wing ls a hreakdown of the total length ofroads coded in the network:

Type of Raad
o

Freeway
Main and Provincial
St"'ogdary Main
, . ." QTOTAL

Length (km)

693,30
I ' 1'128,00
(;

)342.00
3163,30

Aye(,age travelling times were coded for the three types of road defined above and
overall route costs and paths checked by-plotting minimurn cost paths for each :::db~.

(;
o

Travelling times were based on speed and delay studies und~~tayenon roads of similar
type Rlid with similar traffic flows. "
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TRIP MATRICES

The General Analysis Survey Program (GASP). (4) was used to produce trip matrice§
for the 13 categories of hll4ardolls substances defined in Section 1. The matrices were
produced in tons for the 12 hour period between 06hOO and 18hOO and these can be
seen in Appendix D. o

The major movement of hazardous materials has been represented graphjc~Jly as
I "desire lines". Desire lines are straight lines connecting the survey zones. Such lines
are drawn without reference to the existing road network and provide a ~ictUre of

:2 \\ " ' (I

inter-zonal travel demands. The width, of-each },line!is proportional to tonnages ofu
material which moves between the zones: .. For reas01{~'of illustrative clarity only desire
lines representing a mininwm of 10 tons of hazardous material per 12 hour perlcd are,.,

<..' .. ,

given. "Although only flows of 10 tons per12 hour period have been illustrated, flows
of materials -less than this amount could result in extensive damage if involvedciIl an
incident. Figures 9 to 14" illustrate. the desire llnes for the, major mq,vement ~f
materials.
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HAZCHEM DESIRE LINES - UNREGULATED MATERh~L FROM ZONE 12
SCALS i: 100000

I RE:PRESENTS 40 TONS MINIMUM FLOW PLOTTED 10(\

DATE 22.4. 88
FIGURE 9
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LINES UNREGULATED MATERIAL FROM ZONE 10
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SCALijd.: iOOO()O (, DATE ze. 4. aa
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HAZCHEM DESIRE LINES
SCALE i: 100000
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I REPRESENTS 40
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HAZCHEM DESIR~ LINES -FLAMMABLE 'LIQUID. FROM ZONE 4
SCALE 1: 100000
I 'I AEPFlESE"t'lTS 40

DATE 2~h4. B8

MIN!MUM'FLOW.PlOTTED 10
. \\~--~----~----------~~--------------------~~----------~----~--~----~TONS' FIGURE,. 12
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HlX'2CHEM DESIRE LINES -FLAMMABLE LIQUID FROM ZONE' 12
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MINIMUM FLOW PLOrfED 10
DATE 22.4. 88

FIGURE 13TONS
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HAZCHEM D~SIRE e'!NES --FLAMMABLE LIQUID FROM ZONE 28
SCALE 1: 100000 DATE 22.4. 88

I REPRESENTS 40 TONS M!NIMUM FLOW PLOTT£:P 10 FIGURE 14----------------------~,.~------------~~
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HAZARDOUS MATERIA,. -}Lows

During the roadside interview, drivers were requested to detail their route taken'on the
net~qrt<:. These. routes were encoded by means of a link and node technique, o

A seties of computer programs were wrltten in DBase3 to provide the amount of
hazardous n1.flterial transported during the survey pedoq on each. link. These tonnages
w~re converted into Minitramp(5)tormat for plotting. The major routes itt tl:t,estudy

l! .'''''''- ,,' -

area were then digitised and the tonnage per 12 hour pe:rio~or each material plotted
\1

using Minitram!_) prograxn HPPLOT.

The completed plots are given in Figures 15 to 25. I. t.
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FIGURE 19
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10.

The. plots of the tonnage of hazardous materials carried on the.,major routes with lb. the
o PWV s~9W definite areas ofo concentration. The followlng routes have a high

concentration and also carry large volumes of.pther traffic.

N3
M2
R26

betweef Gilloolys ami Geldenhuis
between Geldenhuis and Kaserne
between A!b~rton and Vereeniglng.

As the probability of an incident is related to exposure, the quantities of hazardous
materials carried on these routes are ,fm~tter of great concern. In addition, a number
of these routes pass in close proximity to resldaatial areas. Considering the lack of
~!_.ompliancewith the current regtdaticms it is clear "that, should. an incident occur, the
a~'?oritjes would be presented with some serious problems. ~

"

D~sireline and bandwidt~, diagrams we~eplotted for each category of materlal carried.
The mpst striking factor of these diagrams is the !isuostantia! amount of hazard .ns

)", . ... .. (I

-material carried. which, owillg to, the qtiantity of material carried, is unregulated and
\._,

can be considered considerable.

The routes linking the eastern industrial areas are heavily trafficked by hai~dous
" ..,... ... . '._'. . \~\ Y,

material vehicles carrying a variety of categories of material,
i> . .,

As expected the movement of flammable liquids, in particular petroleum products,
represent the large movement of hazardous materials in the PWV .. Processing of these
products occurs in Sasolburg with the major distribution. being undertaken vIa the
Ml and R26 to the Johannesburg/Pretoria area.
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11. JNTliODUC'fION

The safe transportation of, hazardous materials invnlves ~!itlimjsin1t the risk to the
public. The vast· majority of m,aterial~ueffifuU:~I$--':o:"~~ardOUSjf 'are ~exol'ably

ll1tiftwined in the.fabriC of SO~t1:Africa's SOd. ety. A~.cePtin!~oth...atthe ~&t~ria~rlla.ve to.
be transposted through our Cities, towns, and. nelghboul~oods or -,e couptry's
transportation network, how can the attendant risks 1;>ereduc~1 " ../ t

, II~. . . ~\
111eseverity of an incident involving a specific sub3tai1~~ i~ldependent qn a,Il'lumber of
"issues, one of the major issues being tne ecvlrcnment jri {~hich it Occurs, 'Clearly an
. ". !1
i~C..ident occurrin. g ill an urban...area i,s potentially more dang;r.rOtlS than one occurring i~
a 'rural area, but there are oilier environmental factors that 1~ affect the outcome of an

\1· .. . 1·-

incident.

One of ~e most ~,common1y~uSed. ti~Q~niqu:s Of. red~ci1~,the effects of hazardous
mated~ incident IS t~e routing oevehic~es can.ying haz~tdQ~~ ..materials away from
da~,~'{~,.sensitive ~ea$.· Routing is a tOOl. ava~~~~l~f communi~ies th~tCjlimits
comnmmty exposur~ to,. ,~' chaprdous materials m~lde~f' The proper rou~mg of
hazard ens materi~~\ \r~06S tqR:~ferred r9~uteslim1ts the !~xpesureof a commu0riity to
an cinclq,entc ang.jni>~t~).jncr~!~e~the effectiveness of ~I~response to an Incident.

'?However, this, ~toces~(,raises ith~issue of quantifying thill'iSkS ~f removing the risk
from one segment of th5 community (0 another segmem O~r!CO!!""Unity.

In ,thi, section of li!e report amodel is d"".IQllJ'Whi\h ,.. tim~tes the ~I~k$ on.•:
p~rtkular ";ute;"Th~ d~cr~Ption ?~tlle.~?,delb'~)b~')!~M~\'d In~ three.s~cti~~S.
FIrstly, the concept of risk IS described In terms Q~ hazarqous material transportanon,
and use of the model. Seco3'~ly, an evaluation of the valiq~s types '"Ofrisk: assessment

mOde.lS •• ed overseas ~'l1;nted an..d..this then fullOW~,.\.by the d,yelop)llentof •
model for South Afr,&:fi ap,vrfcation wi~ an exaulple of its t se.

55



12.

(i-

\\_

II

itEOUIREMEN1'S OF. A RISK ASSESSMENT MODEL

The requirements for risk assessment can vary \videly"derJelldent on the different kio(is r-
II . ~

of user; "One,'may' need a methodology for assessing the risks of a given hazardous
material t;ansport opera,tion under condltloiis that express representative nat.ionwide

n

factors. ,"Another may nee~ a detailed capability. for modelling the risks of' specific
alternative cargo routes, modes or containers for a given material. A third may need to
be abi~, to assess in detail the effectivel1ess of some possible risk reduction measure. "
Local authorities may need to assess" the/ r isk of" cargoes of one or all, hazardous
materlals Intoor through" theiricoo;~a; as specifically as P6~sibte to' the conditions on
their ~resent routes and po~sibl~ ai{emat~i;'~s to tb'em. Operatorscmay require similar

, ' ~ '~

assessment capabilities to Sl!p~&~their cd~t-safety 9ptimisation decision-m~ing, which
.may in the future become increasIngly explicit. .

While the basic, .concepts and gel1~ral techniques must be- common to all such
applications, it is eviden~ that consid~ie'Ie variability is posslble'i:p the particular form
and specific details of risk analy~es appropriate to different user's needs.

o

'the model descrioe{l below, endeavours to provide a methodology. which addresses
the needs of the local ~thoJities •and •tf£hsporters for odetermining route choice, but
requires tile m~r.imum of data input that lsoapplieable to both the local and 11a.tional

c. o ". ~ '.' . .;.

situation. ,
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13. ESTIMATION OF RISKS
~\
•• ,~ 0

Before any attenlpt is made to develop a nibdel it is important to define the concept of
ri;k as used in the application of hazardous material transport.

Most" approaches to risk assessment to date are o~,the relative variety) that is, a
numerical assessment by which one route or even one mode can be evaluated against

n

another. The end result of such an assessment is. that Route A. can only be stated as
being better or worse than Route B or safer or less safe than Route B.

Absolute risk is a direct .measnre of hazard. that is, an estimate of the number of
persons who might be killed or' injured, 'the financial amount of potential economic
tOS,E.,,---!:lI· the physical extent (quantitatively expressed) of possible environmental and
ecological damage. Although this!,capPl'oachis. themost desirable one it is difficult to
-achieve .

.The Jnodel.developect beloW provides a risk measure that tends toward the absolute. Ii. ~
provides the practitioner with a feel for the condition of safety in which the community
finds' itself as a result of exposure. to .potential. catastrophe by the use' of a particular
route.

..~

\
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14. EX!STING RISK ASSESSMENT MODELS

Before attempting to develop a risk assessment model'it is important to reyiew some of
the models developed 'overseas. 'Existing methods of risk estlmatlon as applied to
hazardous material transportation risk. analysis. can be classified by the use of four

" (\
categories. The four categories are statistical inference, fault-free modelling,
analytical-simulatlon modelling and subjective estimation of risk parameters.

(i

The discussion of\\the four, methodologles is oriented around their utility in the
{)

estimation of the likely occurrence of an accident and the determination of the possible
consequences. Data and methodological problems? tWeirimplications to uncertainties ot
concern to ili~)use~ and possible approaches for developm~~i~}o~:a'roote risk assessment
model are noted. ,~1'he following brief synthesi$ of the \i~rious categories of models

",' " .... ,.".. . ....;.. .' ',,:, .', -, ,' .. :, .' . - . .- .. , _... " _'_\

based on the work of E R Russell et al (8), TRB Special Report 195 (9) and NCHRP

Report 103 (lO)'i'
\ c

A summary of themain factors"uttlised in.the fo~r categories ~(the model is given in
Section 14.5.

G Following the selection of the most appropriate category of model," the varjous
approaches in the application of the model are discussed.

14.1 STATISTICAL INFERENC,g.

Statistical inference is the most regularly employed pro~equre for estimating accidgnt
or incident occurrence probabilities. The main drawback of this technique is the
significant sample required of the specific hazardous conditions of COncern.

'.:.:.

However, it is directly usable only if an adequate accident data. base exists, with;
significant sample sizes at the various levels of the specific hazardous conditions of

,.";: ... ,.

concern. Also" it has to be able to be assumed that the past record satisfactorily
- .. '-:;-::.:;.,

represents (or canbe modified $0 as to represent) what the future will hold.

Statistical inference models attempt to use measurable parameters (such as average
daily traffic, number of heavy volume intetsectfof,ls, number of signals, type of road,
road or rail condition) in order to develop a value for the probability of an acCident pet
million vehicle kilometres, or some ntlfer similar probabilistic form, for a",specific
vehicle type. TIle probability is combined with a consequence valuation by detei\.iining
the population density of those at risk. The Peat, Marwick, Mitchell model (11,!2) for
example, uses this approach.
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o

These methods are route specific since the data come from specific routes that are
(' . :...... '.' .. . ...•... . Ii, .. :

generally independent of the 0 type of cargo. The method uses actual data f,~r Its
variables; however, constants for equations are either set arbitrarily (as weights) or are
correlated with actual conditions and accident history for specific routes~' Although the
latter approach seems mO~,tappropriate to determine the ayerage number of accidents
expected over a given route, it does not a~count for the magnitude of the consequences
of an accident. For .rare events, historic data regarding a specific route, or even

,/ .' ", \~'

national averages, will not reflect the actual potential for large accidents. I~)

(i-

The method assumes that accidents or incidents occur independently and with constant
pro?,abilities and develops estimates of these probabilities. Past records of such
accidents ....and incidents then provides the frequency of\\their. occurrences OVer a
particular time period.

\)

:~::: ::i:~;~ence of the fu, probabilit~of occurrenceo{ an accident)"

~ . .
A number of important problems .arise i~ this su;erdgiany simple process, .•however,
First, the -estimation of the exposure requires that records are kept and accessible on" . ,.

shipments of the hazardous material. SUGt,t records are not generally available." Thus,
estimates, )must -usually be made' by employing samples of shi~ment data, often of
uncertain accuracy or even validity, with liberal judgmental interpretation.

Second, adequate data for a meaningful statisticsd' inference may also not exist on the"i
accident-incident occurrences. This is always the case for the rare, catastrophic events
that are usuany of greatest interest. If the record of exposure (e.g, number of

\\ ~
shipments) is great enough, it may be possible nevertheless to es~jmat~ credible upper
bounds on the probabilities of such events, but these are often too cbriseNative (that is.
too large) to support practical decision rrlkking on the co~trol of future ship,ment§ with" "Ii .' ,. ' tr

just a.s Jprge or-~arger rates of p.xp'bsure. 1.1
=-" \ \ . •
"".~ ~J "I;

o

If1~tead c~f generatlng Osuch upper bounds on the probabilities of accident ..incident
\. -,

occurrenc'e. ,It i~sometimes attempted to establi~h a "surrogate" sample: qf recqt~ed
data larger than, the real one of interest and sufficiently large to permit direct.inferences
to be. made. Thus, the record of accidents with liquid natural gas (LNG) tankers, with
no signit1cant entries and a relatively limited exposure, is expand6d byuse of the
record 'fur oil tankers modified subjectively in various ways to reflect the differene.s
.1::" .' .'.. .' ' ... '. ... . .'. ... • '.'.. ,/"/ .' . ". .' . . ..' 'between oil tanker and LNG tanker operations: ,\-Vith somewhat greater refinement, a
record fo,r a given hazardous material transported in a, particular container in a
particular mode is extended by incorporating all accidents-incidents for other materials

(I
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that employ the same ccntalnerand mode ~ it, being agreed that as far as the occurrence
,'(per shipment, kiJor,netre,' etc)of an accident or incident is conc:rned, the.material
makes ne difference. Lastly" a most common use-of the "surrogate" approach is the

\.."y. .. .. .... _.. . .. ... . ... ' ,. · ... c';

application of the natlonwlde ,.modal accident statistics. en. a per kilometre basis, to
inferences of me probabilities of accJdent occurrences on particular routes for which '

" adequate route .specific accident records do not exist. Clearly, this neglects the
potentially sig\l~ficant differences in the physical and enVir0U":!,<Jntal charecterlsttcs of
specific routes fr~~,;nnatiottwide averages of these conditions.

Another problem area in statistical inference is the, principle that. the conditions at the
time of measureJ:1'ientare the same, at the time of the analysis. That is, it mtrst he
assumed that the''past record also represents the future (o,rit is understood how.to

I .' " . ,.: .OJ

modify it so 'thatCit will). There are many reasons why this may nat be the case, e,g. if'. "... " \\
a major accident occurs once, sigrlificant actions may be taken to decrease the chance

, ' !, ..

of occurrrrrice 01 such arr accident }!! ili6' future. AlternativelY. "familiarity breeds
contempt", or at least lack of concentt)\fion, among human operators so that the chance
of a major accident where humans are involved may gradually) increase over time.
Increase in' accident frequency may I~Sf) he due to=\.'1ear of equipment under inadequate
maintenance. The validity of statistical iaferenees that' do not,~Or cannot, reflect such
considerati(j~iis Clearly questionable. 9" o

-"\

1\
A number of important problems.arise in this process.

i., As noted above, accurate records must b~ keptpfhazardous cargo shipments.
\)

;. .
ii. Accidents involving hazardous cargoes which are of use in the model ar(.?

o rare, catastrophic events,
o

iii. The pror;ess, assumes that the pallt record of events also represents thi4:uture.

Overcoming fully theC:oblems,) that have been. noted knot always possible but the
'situation cou!d be improved by first, m~king the uncertainties tll~t the inference

r-, ~ 0

procedure,gives rise to as explicit as possible so that the tiser can incorporate thernJnto
, t~e decision process. Second, steps for improving the, accident ,and eXP9surffrecord '0

keeping procedures should be defined comprehensively. and carried out. '.' ,
0·· ....;/ ·0 ('j,:]

These method&J.;lre applicable to the ri.sk of specific shipments over alferQatIv6 routes'
and provide it community with guidance on elther the overall fisk or specific risk'

I)

problems.
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14.2

((
II

.Un

o c

FAULT-TREE MODELLING (44)
>,). i;

"-!:)Thefault-tree methodology is based on the systems engineering approach in which
)hazards are identified not only in the roadway eh';ironm~nt element of the
man-machlne-eavlronment system, but also in the driver and the vehicle 'aspects.
i) _\j:

$&
il:e possible sequence of events are synthesised, culminating in ~ particular, _, :,J

consequence to people, property, or the environment."

If this technique is to be used to its full potential, its application requires that all
significant consequences will have been track.ed back through all" possible event
'sequences to their. inithlting. basic events. Tr~ :~ealise, the, full power, of faulti·tree
modelling, the, probabilities of occurrence of the initiating events and alt related action
initiations (e.g. a successful or unsuccessful activation of a ~orre6tive action) need to
be estimated with adequate precision, and the magnitude of the' consequences accurately
p~:edicted. If these requirements are met, a seri~ ~!combined probabiIity,calcul~.tions
results in assessments of the probabilities of occurrence of specified consequences with
given magnitudes; i.e. the risks deriving from the hazards under analysis.

The principal difi1culties with the fault-tree Pt~,cedures are the uncertainty that al!
Significant event .sequences have been ~onsjdered and the acquisition of sUfflciantlY

, ,)

(J

precise data necessary for' pl'edictin&" with reasonable accuracy, the initiating and
related action ~vent probabilities. These,dijllculties are central to the controversies on
the applicatlon of logic' tree methods in nuclear power plants and other fixed-facility
risk assessments and their )generally compleu (allure in transportation accident
probability determinations. Because there are so many possible kinds Of accidents and
because interactions of.posslble'accident causal factors exist in the dynamic operations
environment 'lf ttansporta~ion systems), descriptions in terms suitable for probability
analysls of all important sequences of events CUlminating in transportation accidents are
not able to be meaningfully accomplished. However, fauIHrees;";!i'in particular, have

i/

been effectively applied to post-accident events analysis ., mos~ notably in analyses of , '
nuclear 'material containe; failure under accident stresses ~! and to nlishandling and'. I.;)
norma] operations incidents. .
o

"Despit~ these severe difficulties; some potential bas lately appeared for the application
to transportation problems of computer-based fault-tree ~ynthesis .and analysis methods

i). _ ',_ \'i

thathave very recently been developed for nuclear and chemical processing plants.

"!Thi~ methodology has three important advantages not provided by statistical inference
methods.
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i. The data- acquisition would be ,changed fr:pm that. of~Qbtainitlg meaningful
samples of acciocne, Jlata for "all, sets of cO~lditions 'to that of obtaining only «

basic event(da;~. " :: .. I

i_i <.;' "._:i

ii. '-The rrleiliodoJogylends itself to the evaluat(6n of the ~fie2tiveness of given
mitigating measures,

Ili. ,Qualitative analyses of fault-trees can provide (significant iilS!ght~i on
.accident-initiating event sequences that are pbtentiallyUllost important to
system safety.

Jfo gain these advant~es, fault-tree modelling techniqu~ need to _vedeepened to better
reflect ..accident dynamics, 'including h~,m~ operato~ act~ons. ~mpro;ed means are.

required for acquiring data on the probabilities of initiating, events, equipment and

human faults or failures, and control action ,time delays. Comprehensive 'testing,
. ,;)

experimentation, and simulation programs will be needed for this. c \\

, I}
"

Models utilis~ig fault-tree analysis modelling were developed at the Pacific NorthwestI .. ' c,·

~:r.Laboratoties (14,15).
() ,

.ANALYTICAL AND SIMULATION MODELLINQ

') 0

Analytical ami simulation modelling approaches to risk analysis begin with functional
o .. .

descriptions of the system under study. The operations of the system .are then
"expressed in terms of approp~iate performance parar-eters that express the functions
{,and the interaction of the functions, system compon~~ts (hu~an and equipment); and
interfacing external factors; The conditions limder which accidents and incidents aceur,

, '.' '.!

or when .particular consequences arise, a~rassociated with specific combinations of the
values of these parameters{Theit probabilities of occurrence and/or the effects of their
occurrence are then assessed by means of probability or effects formulas (if analytical
models) through numerical accumulations from repeated runs of system operation
"scenarios" (in sirnulation models), or by combinations of both 'Procedures.

\ oc"."'.Tht} main problem with analytical mod~ls is the need for assumptions to be made which
l \ "" c.

in some instances differ considerably' from the direct physical conditions. Simulations
are better in these regards in that they usually tend to replicate real-world factv{s II) a
fartly recognisable way. Howeve\t to, the "ext.ent that theyavoid arbitrarinesS. bf their
simplifications, their complexity ai\d computational requirements increase. The need to
" " ,,"..,~ i) " ,."

repeat many runs of simulated operations in 'Order to derive usable accident statistics
(\
\)

c
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o n
(f
()

(as in Monte Carlo simtiilltions) exacerbates the computational requirements ..
Simulations are, therefore, expensive me~n~for risk analysis (other than in specific and

',. , . " ',:::>

limited data development SUPP0R\Ioles).

Analytidil models have been applied primarily': in assessments of normal opergtlons,
,- ,.' _'. . 0 _', ',,_.,1

incidenr.cccurrences, and post-accident effects and consequences, ~special!y in the
\1 .

marine mode. Simulations have been used, but without great success,· for estimating
marine-mode accident probabilities.

\)

SlJBJECTIVE ESTIMATION

(.) \

When all else fails, an approach to 'augmenting sparse data in developing statistical
inference and estimates of otber forms of model parameters, is that of subjective
':estimaifon by panels of experts. These experts are assumed to be sufficiently familiar
with the detailed circumstanc; of operaiioilS similar to those of interest thafthey can
meaningfully, extrapolate their experience to new Dc~nditkms,(/ employing only, their
lndlvldual judgements in combination with those of the other ~xperts. '0

Two approaches C3.Q, he. considered in applying this process in hazardous materials
transportation risk analysis. The first is exemplified by t;o"IJ)elphi" procedure (1'3) that
was c~rried ou~i,n developing risk parameter estimat?s' for hydrogen sulphide transport
as extrapolations from general experience with the material and from a "baseline" set
of specific experience data for a more common hazardous material, propane.

':)

o

The second is typified by an attempt that was .made to estlmate-oil tanker spill-risks. It
•. ... . .... - jJ' - - -- -"

developed numerical estimates from ranklngs of the likelihoods of possible causativ~{.
'::'_,

events as these rankings derived from the experience Of a team of circumstances were'
c;-/'"""'-' - (\

i;not so tare as, 'to require some basis for comparison with experience with' another
material.

Subjective estimation is perceived as inherently a reJ\:ltively low confidence risk
analysis methodology. However. this percept tun rm:y be at least ill(part a(result of the
gen'eI'~i lack of oappredation of the, perh3ps more ..slabtle but ~so~etimes just as
significant subjective elements of· the other pos~ible methodologies. This has been
evidenced to some extent In the precedin.g discussions of these ni!ethodologies. To

_" 'I

improve the. subjective estimation-process. may therefd're be a worthwh if>eendeavour >

even if le~s formal procedures than Delphi are considered. 'The O.pjective of this
improvement ~ffdrtwould be~10 enhance tliei,selection, control, and input information

~, . ~
development .of expert panels.
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A

\\

=",r-c- ". :'_- , __ .;?;
SUMMARY OF EXISTING RISK ASSESSi'vIENT MODELS

Table 6 summarises the methodologies adopted irl existing models described ;in \")he
literature. oThe .charact~iistics of the existing, models {ire given in terms of the type of

'-~" . '., . . ')

category and. main features of model. II; can be seen that a majority' of the existing risk
o ~

assessment. models .are of the absolute Statistical inference type.

Table ''Igives an overview of the four general types of riskestimation methodologies
that have thus far evolved and been applied to the various aspects of transport risk
analysis. Though the actp.~! approach of'the four categories of models differ they all
consider two basic elements these being: // '

i, The probability or likelihood ot'~vehicle being involveiln all incident which
results in the release of the I?at~riat carried and

if

ii. The possible consequences (Of the lZ~Ieaseof the m~terial.
),\ '

, _ ',_ _ _ " . - _ _ '''' ,,\"i _ '. ,", _ _ _' _,' _ - tJ
0' Ea,c..h of these techniques has .advantages and ~isadvantages, whiql1 must pe evaluated in

'(.) . ..... ~o "

,any given case, For example, the primary Iimitatlon of s~atill~Jcalinference techniques
'.'..... '\f

is tIlat one must assume the process generating" the "accident frequencies to remain
constant .L:verti~e. Otherwise the estimates obtai~iili from past data could not be. used
to predict future OCcurrences.

\.:i

Unlike statistical inferenc[f methods, fault-tree analysis attempts to }TIodel the incident
occurrence process in great "detail". .Although this has scientifio. appeal, there are
difficulties associated with tl1e acqnisition of data for predicting, basic event
p.robabilities and the uncertainty that all significant event sequences have been
considered, Nevertheless, fault~irr;e analysis as applied to the estimation of the risk of
transporting; hazardous materiaIs,;'ha~been used ill several studies.

-' 1\\)"

In analytiCal. and simulation modelling, ~various scenarios, are examined indicating a
range of values describing the best an~jworst conditloiis. These techniques ate n~.ore
applIcable to situations where regulatighs on. a national scal~ need to. be tested and are

':/
of little h.enefit to we transporter or local authority in determining route choice.. \j. . ." ..

The use of the subjective estimation is the writers option based on "educated
guesswork" ~pd should only be used in exceptional cases where no data whatsoever is

o available or where situation considered is extremely unusual and the ~llier models are
not applicable. ") "'.
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.Of the various techniques discussed - in th.e literature, ,~tatistical infeljence was.
considered to be the most appropriate for this project in terms ofth~ overal] project
objectives of examining-the determination oj the risk of a particular ratite. \\

As the stat~st,!:taJinference analysis uses generally available information and is easily
,-comFrfeh~!nsibfe. its application is within the reach of greater proportloj; "9f
pro~bssionaJSand transporters, -

,}~ .PJ j
,:~~':':~:9;~};;t}

If

o it-

'~\
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D
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TABLE 6 : CHARACTERISTICS OF EXIS'I'ING PJ:SK ASSESSMENT MODEts

REFERENCE TYPE:
RELATIVE/ABSOLUTE

MAIN FEATURES OF MODEL

10

11

SY1)th'esisof models available

SyntheSis of models av<!n~bl'e
I:) ° "''-)l; .•. sx

r)cSynthesis of models a\la~ble-"
, 0

Develqped ~ncident ptooability' ai1d exposure factQ,t for "
each section of route c

9

Absolute Sta~sticalinference

12 Absolute Statlsticalinfsrence Based' on work undertaken in reference 11

13 Relative Subjective estimation
"

This reference illustrates the use of the Delphi Model in
various applications .

14 'Absolute Fault tree '''' Develops a series of pr~,bf;o,iIities for each event in the
man-machine-environment system, Numerous assup:tpti~ns are made.

Develops a series of probabilities for each event in tl~
maa-machine-environmeat system. Numerous assumptions ar~i'maffe.

"~ , ,/
Develops a procedure for relating risk assessment modWfe;uluY
to incident reporting

Develops a procedure for rela~ing risk assessment model results
to it~cident reporting' -,

15 Absolute Fault tree

16 Absolute

17 Absolute

18 Absolute Analytical and
simulation modelling ,~

\1
This approach, though systems oriented, considers the events
leadingtoan Insident and "the possible consequences

" f

19 Develops a rele~e rate model for eight contai~er classes based
on an incident occurrence model and a fraction released model

20 Synthesis of techniques
(~'

. ,~ "

A'crude model with numerous si}11plifications based on htstorlcal data

o

21 Absolute Statistical inference

22 Relative Subjective estimation No details,given



23 Absolute Statistical inference
(.

24 Absolute Statistical inference
C~

-_ ~25 Absolute Statistical inference

r-,26 Absolute Statistical inference

27 Absolute Statis$ical inference
0 - i~ '"

:::;:::::::::::

28 Absolute Statistical inference



A risk management model. is developed wherein vulnerability is a
pro4uct of risk reduction and preparedness

NaHonaFlevel model utilising gross estimates of distance and speed
to. select minimum paths

Ufifising a series. q,f algo.rithms iIi terms of consequential effect;
individual risk rate; so~ietal risk

The approach emphasises the risk attributable to. large release
accidents uiing risk profiles based OJ;! probability distributions,.: .. ;.

Conditional probabilities are combined with trafficdata to give .
accident proba1:ilities,o.These ere complemented by dispersion ag.d
density population evaluations

Based on'pWHA guidelines. For each segment accident probability and
consequence are combined to. establish total risk Y"

"".."'<



CATEGORY

TABLE 7 : SUMMARY OF CATEGORIES OF RISK ASSESSMENT MODELS

METHOD ASSUMPTIONS DATA REQillREMEI'tTTS CRITIQUE

Statistical
Inference

Assumes that incid~nts Occur
independently ~witb.'eohstant
probabiliti~. Past records
provide frequency of occurr-
ences and th~A extrapolated
to. future years.

Assumes historical data
relates to present day
conditions.

\:!.I

Vary from reqqirin,g detailed
information fo~.analysis of
of certain section to
g(obal IDformation. for
co~e route appraisals.

Most U"SMtechnique for bot
relative ana .absolute
approaches. As hazardolW
incidents are tare the \r

t::, occurrence of at. ajor;i
accident can sig .ificantly
affect historical ·rends
assumed.

r~~~-'-----------~~--:r\------------~7f·----------~--·------~~-------------~~-~--~--~----~~------------------------~.
, ~

\'·_.)Based on systems erig~.weering
approach in which ali l~he
.elements of the man-(;iiachine-
environment ~ystemJre
synthesised culminating in a
particular consequence.

Fault
Tree

c To realise me. full
benefit of this approach
the probabmtie~_q~' '
occurrence o~~~ ii.
eleme~t JJf the-'system .'7

needgJtcf,'t;~determUled _c,,_

to an adequate precisifi):tL.J
Such information is
rarely available.

Substantial data require-
ments. Data not'r~adily

~= av?i~~r.Jo,the .,
. ~r14e!m:{111.9r.

V~~' d ~nil",' '.1 1 s· •"if-" .'~~ryeranec. a y 1~ .':"/'_''::
every. element of the sy~e{in.
Has-scientitic appeal.
Difficulty in acquiring
required data. Application
n.ot v~fY practical for the:. vfv(
praennoner. vI~ \

Analytical
Simulation

Develops scenarios which
c;onsider the conditions under
which incidents occur in the
functions and inter-action of
functions, system components
and interfacing. external
factors.

Subjective
Estimations

Subjective estimates are made
by a panel of experts based
on persona! knowl~gge as to
the possible consequences of
an event.

r:Requires estimates and
sfmpllflcatlons-to he
made of i?}.lysicaI
occurrences.

I)

.;.Complete analysis based
on a series of assump-
tions. c

Anhlygjs based solely on
global data. Requirements
dependent on the accuracy
required in formulating
the'scenarios,

More applicable. for regula-
tory evaluations on a.
national scale. Used with
little success for individual
risk assessment analyses.

Specific methodology designed
around available 'data. .:\\ "
Particularly useful when i

available data is limited.

Inherently low confidence
methodology. Completely
dependent on expertise of
panel. Only to be used in
e'Sqeptional cases wher~2
none of the above models
are .a.pp1icableqr data
lin"ited. _.

18



15.

15.1

o I~,?

CONCEPTUAL ACTIVITIES

o

I~ th:S. section ofthe reportJe risk assessl11~ntmodel ~sdeveloped.which ~11~e~ablethe
practitioner to assess the l'~k of transporting a specific hazardous materIal' cargo on a
specific route. <_

Before, developing the model. in d~~ail it is worth reviewing the main activities
required,

As borne out in all the models considered (8~Z8)jt1sk assessment of hazardous material
tram;pf\~tiQn can 'be conceptualised' i~S a s~!ies of aG,dvides. 'These activities 'can be

, iIlUSUa'ibe fo~ ofa fl:Wc~~ shpwninfig~,. 26,

The major st~s being:

Possible number of incident
\J I)

I,)

(:I

Fundamental to the calculation of the risk associated with hazardous material
cargoes on a section of' road is the estimation of the probability or an
accident.

Possible c011sequences/dis:utility .of incident

..Should an incident occur, the effect of the release of the hazardous material
on the surrounding population is of primary importance.

o

iii. ;Network statement
"

Ii

To enable the Cb~I'arisoll of the alternatiye routes it is necessru-y to obtain
certain physical/eperationru information relating to: the roures, such-as travel
tim~:;. speed limits, type of facility, etc.

(I

(I

()



\

\'
,)~

\\

iv. ?7 Calculation. of ~otl11risk for each route o

The total risk of the release of the hazardous material to the ,pubii~ is thd~
::':"-'l.i

combination ,of the possibility of'an incident and ,~e possible ,~orts~qu:nQ~s'of
the release of the hazardous material. This .measure it'determined' by
multiplying the possible number of incidents by the possible consequence 011

C ,,,

a particular link segment.

v. \ Calculation of risk for comparable routes

By summing these link speQ111crisk measures along each alternative route, a
total risk value can be established for each. route. The ealculation of risk for
each alternative route considered can then be,undertaken. This will enable the

-, .)

determination of lowest risk route ..'," , " '"

vi. Calculation. of minimum travel costs for routes considered

n

Using the network evaluation information it is possible to calculate the travel
. • ... ..... ' .' . . H

cost of utillsing the alternative routes, Cost is probably the-major determIning" .
factor iQ the.route choice of the operator.

1

vii. Performance r~poli,'tlc()mpm:ison of routes ..

By comparing the risks of each route with "the cost of utilising .the rout~"it
direct comparison between the routes can ~ made.

viii. Route selection

It is then possible to sciect a preferred route based. on the criteria assumed.

',

, In summary, the critlcal element in the development of a risk assessment.model for the "
('i

transportation of hazardous materials can be described as the product of the number of
a vehicle carrying a hazardous materials accidents and, the consequences of that

o
accident i.e.

Risk = Incident Likelihood x Consequence Factor
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(I,;

()

1)
o I

DEVELGPMENT OF RISK ASSESSMENT MODEL
rr l)

b
If we consider the rOllte"under consideration as divided into i1.nsegments of lengtIFL I •...

Considering a small element of segment i oflength 011 which is occupied by tpe vehicle
carrrying a hazardous substance at time T.

I' fI:;:: AR, x Amount of Travel, "M ..~
I

where J}

101::::Incident Likeliliood on 01,
I

AR; :;; 'Average AcciodentRate fotSegment i

Am(\~nt of Travel, = vorum~. of vehloles trave1Iing on. Ot1 at the same time as ili",'" . ,hazardous vehicle under consideration x length of eleme~ll;
o 1\ ~ G

(j. ),)

o

i-

r, where

q, ::::Flow rate on segn1i:;nt(Veh/hr)
tl ,§:: Travel time (hr)
Sl :::: Averagr speed' on segment' i(km/h~)

It is assumed that over the small length of segment considered that the speed of the
vehicl~ carrying hazardous material ~pproximates to the average vehicle speed on the
route.

o

{J
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The consequence or disutility (Utk~ in terms of persons cexposed per accidl;!1t on
segment i at time T respIting from the release ofa hazardous material k IS:

where

C\ ::::Dispersion co-efficient

DiT ;:;::Pop~l~tion density adjacent to section il."at time T (persons/km2)

o

The ri~ikof an incident can be calculateg as the product of the' number of accidents on o

the selected route section and the number of persons exposed. (j

_ . 0 ~
- u. _ ~ . Q .'~

Therefore the risk (R..) in persons; ..<;f an inci(i€!nt on element Oil ~t time T call be
, 11(1

described as:

~By. taking the second integral, we obtll;inthe risk (RlkJ over the length of Li . of section
\',. . ,..

o

S
I

\. . c;

Over the whole length of routej the risk is therefore

i;-"

o

Rj ::::set of segments t; in route j
II

o
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~I

15.3.1

c. Cl

G

INCIDENT LIKELIHOOD

"Aceidents are stochastic events and as such it is reasonable to assume that vehicles with
greater exposure or utilisatinn should show a relatively higher rate of involvement in
transportation accidents.

Recorded accldents ,relatci:fto hazardous materials transportation are nfimericaffy only a
small portfon of all reported transportation related accidents. -Thls is due to;
essentially, three reasons, namely:

[,'

i. Actual happenings are rare.
o

ii. Though not nearly adequate, thete is a m~n~inally great.~r care exhibited by
._ operators in transporting hazardous material ili~n in the, tr~sp~rtati()n of

non-hazardous material.

U9,til June 1987 there was no requirement to "record whether a vehicle
involved in a collision was carrying hazardous materials.

"II
{i'

Incident probability l1'l8asq,resthe chance that one Ineldent could occur to a particular
vehicle on a particular route under a given set of circumstances.

o

~'ctors Affecfule Incid~nt Likel~hood
i/
"

In developing the incident likelihood of a parti~ular route section a number of factors
co~tribute to this likelihOOd, the major ones being;

Type of facility and phy:~)calcharacterlstlcs
Volume of vehicles utilising facility

" "

Accident history of section
Time of day

C') Meteorological conditions
Vehicle characteristic and condition

" Driving training, medical condition and state of mind
Law enforcement/compliance.

Whilst all these factors could contribute to the incident, values are obtainable fer a f'e~')
of them.
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" 15.3.2

It is therefore, necessary to simpi'lfy the ,(lata requirements in order to take account of
the deahh of lnformation in South Afrh':3. As such i{is believed that a~majpr portion of

ii these factors can be ascribed to ",the type ,,of facility and operating COl'iditio~ls
, . . .. . ..... . ~~c;=::=::--.' - <\

.: experienced. Below, the variables -whteh describe the incident Likelihood, are
"evaluated.

Various incident probability models' have been developed overseas which determine
accident rates for specificfap1lities based on deternii~istic and stochastic influences.
(29).' These mOliels.are ext~.mely "data hungry" and in the writer's view impractical !;

for normal use, )) ,'\

The use of overall accident rates for it specific type of fa.cilIty whilst not giving the
degree of accuracy f6'!.mdin the mere complex models, implicitly contain the-factors .
which affect all incide.rit as described above,

Owing to a 'lack of cfe~aileddata, it is proposed that accident rates be based on the typ~
of facility divided in terms.of the urban/rural condition:"

{)

In terms of urban conditions accident rates for various .routes in Johannesburg and
Pretoria (30) Were ,obtain~d. From tbe~e it was possible to determine accident rates
('1t)mber of accidents pet 100 million veliicle kilometres) for three types of facility
these being:

"i. Freeway.
li. Major Art~rial.
iii. Minor Arterial.

For rural conditions rates were obtained from a study undertaken by the Cape
,\

Provincial Authority (31).

o

o
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15.3.3

\1

o

.B6ths~ts of accident rates are &howni~T(ibl~ 8.
o

TABLE 8: ACCIDENT RA~ES [accfl00X 106Vehicle kmJv---

Freeways.
Major Roads

o URB~N D

248 (i).

1464 (iii)····

. 2912 (i)

26 (ii)
pI (li)

192 eii)
(!

.,MinCH' Roads

(i)

(ii)

'"
(iii)

Johannesburg Cit§lCouncil
Cape protfihl Authority
Pretoria (pity' Councfl- ',.

,I; , ji

~(l.'''''''''
,1 6, \)'

19,1>",:~~U)84
19~5(""

1983 -1985

It can be seen that the likelihood pf an accident in an urban area is Over 100 times
oj C

greater than in a rural area.

o

Flow Rate(q)'

o

In order to determine Jhe number of accidents that, ~re likely to occur whilst the
(;,- /.)

hazardous vehicle is utilising the route under consideration if necessary to determine
the flow rate (q) 1;10. the particular facility.

However, the flow rate tends to vary considerably .depending 011 the time of day in
which the journey is undertaken. This situation is particularly critical when urban
conditj9hs are considered.

In the major centres hourly traffic counts on the major routes are normally readily
available and no corrections are necessary for the varlatlcns in flows.o . . .. J

However, in the rural areas and on minor lroutes)". hourly traffic counts are unlikely to
. ~ ':-1)

be available. In these cases. Average Daily Traffic Volumes (ADT) are normally
estimated oy the local authorify or. the Department qf Transport in the case of the rural
areas.

Table 9 indicates a.'typjcal suburban .sjireet, business and rural area, the correction
factors (32,33);,in percentage terms {~l)' inwhich the flow rate on ~ particular route
section may be estimated for a specific time of day fr~HnADT volumes.
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f5.3.4

II
1/

.i .. ", ,-f,\ d_
TABLE 9 • TYPICAL HOURl:tY PERCENTAGE OF AVERAGE DAII1Y

TRAFFIC. IN D!FFER1~NT t)PERATING' ENVIRONME~ris, XT vARIOUS
ry", ' ',' " --::-"" ,,- - ," ". 0 ,;: ";,,'" , " , '

,;TIMES OF THE DAY (32,33)

PERIOD
I, ' - ~
U PERCENTAGE ADT ::'

l\

SUBURBAN BUSINESS RURAL
,,-

.'

1 J i 1 2\ '
.i ;

('

13
,1 }

''8 (.$
.s

)J

5 6

12 10 5
2 1 c;:o 3 ,;:

r)

c:
F

Early Morning
Morning Peak
Midday
Aftemoon Peak
Evening

Average Speed (S.)
(, ' , t '~',

vr

The "nuinber of vehicles, a vehicle transporting' haZardous matedal&, is likely to
( , () ,. ,,'0 " ' _ . _ , ,,', " , """,_. , " ,'. '<,'" _ "() .C\, , _,:1)

enCO\\Ilter on <J. section of the route depends on the time spent in that section of route
'\

and the'flow rate.
Q

(I .!'" .. , _. .'. ,. ,0

~e tfma spent in the section under consideration will depend'ou the"<\yerage speed and
"tlV> length of section. c. (/

I;'
.')

Table f\o gives a series of default speeds for d'ifferent, types oHaCiHity, (34),

RUiA.L
(km/hr)

'tyPE OF FACILITY URBAN
(k:n1lhr)

Freeway
Arterial
Minor Road

75 90
45 65"
3'0 45 '0

II-

It is assumed that the vehicles carrying the hazardous material will travel at the
section's operating speed for the purpose of calculating time spent on the toad.
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nlS.4.1

CONSEQUENCE FACTOR OR DISUTILIT)_CCU.}
'.' .'.' , . '" ' It,

""

Three- types of 'damages are assumed to result from the consequent impacts of l;.

hazardous material incident;

i. .Damages t& individuals directly involved" in each accident (this includes
drivers and passengers of all vehicles invoI~ and "djacent vehicles), \\. " II .

"
ii. Damages to individuals not directly involved in the accident hut who reside in

proximity to the incident sit~

m. General property damages that result directly or indirectly froin an incident
(this includes ~ehicles apd other properties). 0

":\

However,?' In ,the developlftent of this ,model it was assumed that when a substantial,
quantity, of·.(1lethal hazardous. material is released in an. incident the most important

'_ ',; -. - " _',',.' .': "I, "'",,, " """ , .", '", " " " ' ,I;" , (;,i , """" '" _ ' ~I

GOn~Q~umce"of concern is the loss. of human life and thus the damage to general.__,_ ~g.; ,,- ,-I' _ _ 'c _ - -- - f)

.pl'operty has been ignored"
I.'

Factors Arreding th~ Consequence of a.n'lnddent

,,_r';'
The consequence of an incident is dep&ndeM on a Clumber of factors, the prominent
factors are:

- Type of materia! 'released
Ii Rate of release

Amount of material releaseq
SUfl'Oucuding populat{pn
Surrounding vehicle OCCUp?Jlt5

Fuel storage facilities in vicinity
Nearby waterways
Preparedness of protectl6n services
Driver training.
"Correct Hazchem signage/loading ofyehicle.

Whilst all these factors have an influence on the consequence, a number 'Of these
factors are difficur~ to quantify and are not considered in the model. As the focus. of the
model is on the protection of human life andthe risk is most effectively c~lculat~ by
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considering the expected populatJon at risk within the hazard area of the spill. Thus,
tim,~ of d'dY at which the shipment takes place shotild b,e\ taken into' account when
estimating the number Qf exposed individuals 'In the general public.

o ()

To be precise, the population density should include any 'on-scene professionals (fire
brigade" trafficd'.i(ftr.ialsand related emergency personnel) and the-degree to which

.9 ',.' . ...., '

persons in the lethal area are vulnerabJe\'~depending on the fire protection services
preparedness, mobillty, protection and so forth) should be reflected. However. these

) elements are difficult to quantify and have been excluded from the model.

15.4.2 Exposure Area (E)

In the event of a'releaSe of a hazardou~ Sl!QsttU1.?f>.Jhe escaping material will spread,
eVaporateand mix with hie air surr~pl1dingthe spill forming a clo~d. (If flammable,
the air~fuelmixture will burn ~fa suit~ble ignition source is present»; ) Ii ()

.' ;..<"";'; ."\

The \ietaiIs of the spreading and cloud formation, among other things, depelld on t1}e
rate of release of the material, . its del1§ity, vap6risation rate and buoyancy.,
meteorological conditions, and terrain. The cloud that is formed is characterised by its
size and c9ncentration at any location relative to the release point and at any time after
release. ()

'0

~:%~n:~fh::~:;n~~~i:;y:er~;e:~i:Ul~n:e~~Jb~~b:;. :~:~:St:~e:;:~~, Of~:
Sl1bjectivityin making judgements about the s~ze~f an impacted area. or the value of
damage may be unavoidable. Assessments of injury also,.;aresUbjectto interpretation.
The guide1i~esare not.always clear, and the motives are not always pure when acciden; \

:__ . \J . ,: . '.If __ (\.."_ -_"_ .. ""-,.~. ,)

consequences are being reported (35).

sophistication, because of their approximations and assumptions, in characteeisation of
• . u

the source (point of area source, instantaneous or continuous release), Or in the manner
of spreading and air entrainment. Fot the ID,!ajorityof materials, input data on material
properties are lacking and data for similar materials are used, which gives rise to
errors of uncertain.magnitude.
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15.4.3

/I
The zone of impact Of the release of a hazardousuniJ!terial is affected by a number of
factors which vary from incident to incident and are not properly described in the
mathematical nrodels. To illustrate the above the release rate of a chlorine tanker is

.;:;

considered. Table 1.1 illustrates the estimated hazardous area of four major release;' ._ - - - -,',',,', .',,' - -- ..
scenarios as given by ~ndrewr. et at (38).

TABLE n : ESTIMATEJI) RADIUS' OF IMPACT FOR, RELEASE OF
.'CHLORINE FROM ABHNGLE fANK (38)

RELEASE SCENARIO

1. A continuous release of chlorine vapour
at'4 kg/second
o

2. q A contim:f;),u.S.release of liquid chlorine
~-;,/' }-"'-

a:t 10 kg,lsec6ha

3. Extreme rapid to 'instantaneous release G

'Of all contents

4~ Instantaneous and catastrophic failure
of tank

.'RADIUS Of'IMPACT
c(rn)

42

620

720

!)

It can be seen that mere' is considerable variation in the radius of impact resulting from
just one of the many factors affecting the cloud formation.

()
I,)

As a result tnost estimates of evacuation distance have been based on the "worst
possible scenario" approach/which have factors of safety of up to 10. This is evident

,\ c..,

when the values. estGaated in' Table 11 are compared with those hy the USA
Department of Transport givr~ in Thb1e 12.

~ ... ",1- "(,<:_ ,
'-...t

\)
The most utilised source of evacuation distances is those given in the DOT Emergency
Response Guidebook, (39), Table of'Isolation ang/Evacuation Distances. In absence of
more reliable information these figures have be~n used in the following 'analysis and
are illustrated in Table 12. \

\\<\
11\i

Evacuation Distances (r~_Utilised

I(
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15.4.4

"TABLE 12: &.VERAGEEVACUATIONl>ISTANCES Cr) FOR EACa CLASS OF
, " .. " .. I,' .... ._. .. .. .. .. .. ."

HAZARDOUS MATERIAL FROM SOURCE (39) eo

Hazardous Material Average Evacuation
, Distance (rJ (km)

'---~----~' ","",,-,---

(;

I)

Class A explosive
Class B explosive
qass C explosive
\\

Fl)unillable liquid
Combustible Iiquld
Flammable gas
Flammable solid
Non-flammable gas
Poison A
Poison B
Corrosive
Oxidiser,

o~~
0,8
0,5
2,1
3,5
1,6>
1,3
3,4
N/A
3,2
2 1 ",
3,2

() Q,

III,
However, the evacuation distarl1ces presented in ,Table 12 take no cognisance of
preparedness and are the distanc~swithin "which thematertals released are hazardo~s to
human life. \::, o

Zone (Jf ImpactlDispersion of Hazard Material

In the model a po;it;e-ve.tl_~~rreSPOnding to a circular zonec:of impact for each spill, is
assumed. The pi)'int event jS~~ hlt,P%fdtedover .the length of the link to obtain the
isk ~, "" ('"tIS • '., ,)

"

The assumption of a circular zone of impact may not reflec~'h realistic dispersal of
toxic contaminants. As DCted by Schulze (40) the shape of dispersion cloud'may vary
considerably, depending on wind speed and directi'on.

The circular di~pei:sion formula utilised in this study is a centre line of plum~ estimate,
with no wind blowing. As such, tbeimpact ZOne estimated for eacll road linktends.to
q,ver-estimate the area that is likely to be affected in a real spill situation. The area of
impact for each link depends on the nature ofdarliage from a potential spill.

( :
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(')

The zone that is likely to be affectr,d can be obtained from the expression:

where

Ek ,0;; E~plosive Il,feaen.section J ofroutej from material 11: (km~)

f!,: == evacuation distance (f_lTI).
CJ

This equation assumes that all persons within the exposure area are exposecrl to the
same degree which i~\c1earlynot the case,

t . I, . \,1

1/

~, Abkowjtz and Cheng (41) estimated that the, conlrentration of substances released.in ~e
ait can-be represented by an equation that f9rI1\Sa cone 0; concentration, where the
concentration is.$reater nearer the point of release. This ~once~Lis ,developed further"
below in Section 15,4:5"

I?

As. exposure to eachtJPotential incident varies with distance from the incident site, the
more d'istant poinfs are not contained within the range of potential damage for the same
duration time as nearby points. In 'order to take cognisance of this fact, Saccomanno et
at (42) recommended that the exposure. area has been multiplied by a factor of '7':/4

(23), to standardise the range for exposure variations with distance. WiY1in ,this
<::"";:7 (;

II '&, reduced range, all lOCaflons are assumed be equally affected by a gazardolis materi,al
z' incident.

The circular dispersion assumed in this study is estimated from the centre. line of the,
link; with no wind blowing. As such, the impact zone estimated for each road link
tends to overestimate the area that is likely to be affected in a real incident situation.

, , - ' ~'

However, the distortion of the circular dispersion resulting from "uneven wind "
directions will most likely produce a minimal reduction of the area of exposure and
will not affect the accuracy of the model.
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Population Densit¥. (D.)
. .."

o
c»\" ;'~".; ~

'9n any particular rout~ being ecnsidered, "the :poJVj:lation d~ps~ty caQ, vary
considerably. Whilst these densities can be deternlined~ ~. calculation can be tedious
and may not be that accur~te owingjo variations iti density at speclfic tlmes'of the, day.
For expediency in the calcuhltion, population densities have been c,~tegorised,Jnto fj~,e
groups as shown in Table 13.

TABLE 13 : POPULATioN DENSITIES (011)

oCATEGO~Y DENSITY (D.)
_' . ~t

TYPE OF
DEVELOPMENT Non..Wotktime

"Cen.tral
Bnslness
Districts

High Urban [i&

Residential
o

Urban
Residential

.,Rural
"

Residential

Agrigultural

"
Office

FlatS/Apartments

a

Detached Houses
High Income

C) Townhouse

Minimum 1heet.
plot

Farms

600 peoplelhect.20 people/hcct.
(2000 people/km2

)
1.1 •

))

200 peoplerhect,
(20 000 people/km2) .

20'~~plelhect.

20 peoplelheqlf.
(2000 people/lpll~

~
2 ~eopleJhect.

{>

Ii
2 people/h'ect. ,i

II

(200 pe~plelkIj~~
li o
il
II

0;2 peoplelhed~.
lr

(fO people/krol~~!

2 p~pleihect. ,

0,2 p.eople!he~t.
,w

(Ref. 43)

o
\
I

t
f

Ir
I
I
I"I

,.n
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16. C9MPARI~Q..~OF OPERATING COST. OF ROUTE CONSIDERED

"

Once the "'1niIiimum risk route bas been' identified it is necessary to consider the
differebce in operatil1g cost in using the normal (unrestricted route) wbich is normally

o

the minimum cost route to~thatot the minimum risk route. The calculation of operathig
costs have been well documented? the most comprehenslve being NlTRR manual on the
Bconcmlc Evaluatio~ of Tra~sportation Projects Parts 1 and 2, K64 ,(4,4), GommerCial
vehicles are divided into three categories:

a

Light 1fO
7,0

,15,0

f,5 ~ ton payload
I>

~ 9,0 ton payload
'.:" 20:;0 ton payload

c-

MetHum
Heavy

i:,'\

(!H). 1 THE .COMPONENTS OF TOTAL RUNNING COST
o

}n Flgure ,'1;.7 the cOlnponents",oi>total running cost (measured at ('il1al;ket prices) .fQl,'
ROY's are ShO~ll)fortravel speeds rarlging froJ:)l.10 kmlh JQ 12(},)km/h. Tyres ~nd'oil"
fo!' HOV's constitute ,bet\]Je,~n 13% 'and 25% .of tota! running cost, whilst fuel
constitutes between 39% and 52% oftotal costs, Depreciation cOnstitutes between 1Q%

); D

and 25% of total Costs for HGV's(
f,'

60,
45

(I

,
A sirtgie average speed for each facility was assumed in running cost calculation for

'.:f' . (0 , ,,- ," - ,,' r, , ' ,'J, , , " , _' ,',' ,,'" , , ~~ , _

each type of facility. These §peed~were gerived frow Table 10 and are indicated" in
Table 14.

'0,

.,0

Tt\B~E14 : AS$!JlWED SPEED FOR EACH T_VPE OF FACILlIY
(,- "', - 0

SPEE.D" (km/Jlr)

,--_.~ ,-__."---_,.......,ro-'~---~-- ..:_..--
/ ',~

Freeway
Major i\rtariat
Minor "Art~rial

1_-;1-
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FIGURE 27~
com~ents Of total runningcest
(market price) at differ~nttravel speeds: HGVs

o
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Table. 15 indicates the total running costs for v~hic1es carrying hazardous .'inaterials
utilised in the analysis.

;

1"ABLE 15.: TOTAl, RUNNING COSTS

Speed (krn/h) Cost (cents/km),
(,_

JJ 80
60 '
45

111;0
111,5
116,6

---- ..........--.----------_-
\

16.2 THE COST OF TRAVEL TIME

In. Figure 28 th~ c~~t of,t;avel time at travel speeds ranging from 10krn/h to 120kmlh
o,~ , f;

Is shown. The font"cttlwes relate to time costs for high and low income groups as well
as t6"working time and leisure time for each income group. The costs ,;will obviously
increase in multiples of the'occupancy rate.should the drivik halve an assistant. Leisure
time is rated at25% of working time and, in general, the PWV cost rate is 1,1 times
that of the national cest rate.

The curves 'In Figure 28 are based on the following values:

(:)
TABLE, 16,::°: VALUE OF TRAVE1...,lIME IN RAijDS PER VEHICLE

() ij( I:_'

oOCCt_tPANT's HOUR
()

INCOME GROUP
,5,Higher(Rlhr)
'~

Lower (R/hr)

Working Time:
- PWVArea
M National

12,20
1.1)06

3,48
3,14
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The following assumptions were made in order to calculate the COSt of the travel time
Q{a hazardous material vehicle given in Table i1, these, being:

i, "a vehicle occupancy of two persons/vehicle was assumed i.e. driver plus mate.

it both occupants were of a low lacome group.

m. PWV area work time was assumed.

TABLE 17: COST OF TRAVELTIME

Speed (kmlh) Cost (cents/km)
,':1

80
60
45

8,7
11,6
15,5

P.ractitioners who require a more detailed analysis of vehicle operating costs are
,
referred to the Rb'ad Freight Assoclatlon's vehicle cost schedule (45). Their ana1ysi~\is
based on an annual ~urvey of their membership aug consider each axle'configuratlon of
commercial ~ehicles! howev~:;,nchconsideration is given to staff'costs.

,.'\:,'~','.i" ', . .. :l
7\
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17. ~VALUATIOrs:

~,
It is clear that one of the impediments to t,~(i successful implementation of risk
assessment for tp,e problems of transporting hazardous materials is the inadequacy .of c'

tb~>data, in bcth:~Cope and detail.

The most .controversial aspect of the implementatlon of risk assessment is the
o

evaluation and interpretation of the predicted risks. This aspect of the problem involves
judgements based en factors that are difficult to quantify. They include the hazards,
risks; costs and benefits, business and political risks etc. ~There is the lack of
concurrence as to what attributes should he included in these factors. Even if all the
attributes could be defined and agreed to, their"quantificatien is not readily achieved.

However, it is necessary to ..obtain' ~ comparison of the routes under consideration
which is logical and systematic.

()

The output from tlie model endeavours to provide a level of risk based-on the"petential~ . . ... , .

number of persons j'inyelvecf in an incident for each trip. As a hazard.ou~ material
vehicle incident tends to be relatively rare, as they make up only a small proportion of
the total. traffic on a route, rhe number' of persons likely to be Involved in. an incident

;~;;?'
tends to be low .. This makes the decision to use a lower risk route which may incur

1'-,
higher operational costs on the part of the operator mote difficult as the .operator is
generally not in a position to appreciate the risk to the community as a whole and the
subsequent social costs incurred by such an incident:

Where this decision to utilise a lower risk route may aff~rt the competitive position of
the carrier anel/or the ship:ger and/or the availability of the commodity in a timely
manner there is bound to be considerable resistance to its us~. This promotes the
question, can business risks ~e accoupted for and somehow be balanced against the risk
reduction of the hazard? From the 'operator's point or view travel cost is his only
consideration, . as the social cost of an Incident jSj,porne by the whole community,
However, certain operators may feel tha~th~ cost o~radverse publicity as a result of an
incident may mar the operators image as a safe ca.ri¢r and therefore utilise a lower risk
route.
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18. CASE STUDY

18.1 COMPARISON OF ALTERNATIVE ROUTES

To illustrate the application of we model three route« between Alrode in the southem
industrial belt of Johannesburg and Sasolburg were analysed. This odginldestin~ltion
pair was shown to be most common during the data collection surveys.

In this application it is assumed that a single tanker load of ~2 tons of petroleum kJo
() .. . .\\

be transported between th~ origil}! deStination pair during the mid-morning period. ':.

The most probable routes between the two areas are:

.-
Route 1:
Route 2:
Route 3:

"Ml mNQrwayt'R568.
M27.
R26.

These routes 'are illustrated in Figure 29.

All routes differ in both types of facility utilised and length of route. Some of the
"routestravel through urban areas and city centres,

Table 18 summarises the teSul~ofthe analysis int? thl3 categorlest.e, likely number ot
accidents and consequence.

The complete.analysis is given in Appendix'£.

TABLE 18 : SUMMARY {)F RESULTS OF CASE STUDY

CRITERIA ~OUTE 1
(Nt)

. 'ROUTE 2

(M27)

ROUTE 3
(R26) "

. \J

Distance (km)

Likely number of
accidents (ace)
Consequence Exposure
(persons)

Risk (Persons)

69 63

4,87 x 10·~,
43534>

33,96 X 10-3

43512

7,11 X 10.3

43727

66 566
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- '"Figure No.CASE STUDY
ROUTES CONSIDERED

BETWEEN SASOLBURG AND ALRODE
29



From Table 18 we can see that the type of Jacilily used by tIle hazardous vehicle has a "
" ..... . .. "1

large Influence on the likelihood of an 'accident where Route 1, which utilises the Nl
)'t~torway, has the lowest accident likelihood even though it is not the shortest ratite.
: fWhereas tJlelen~jJ of the route and tile adjacent population densities tend to affect.the

".conse!fuence.

if

In terms of the route which is least likely to. be involved in an incident it cal) be seen. \\ ,.' ,

that.Route 1, closely followed by Route 3 are considered t? be most appropriate.

The operating cost.ofl.lsing the three alternatives routes is given in T~ble 19.
. . . .:) ..

o

TABLE 19 : TJffiORETICAL COST ANALYSED BASED ON K64
II ._

ROUT~ ROUTE DISTANCE SPEED THEOR- RUNNING TIME

TYPE (km) (kmlhl) ETICAL COST COST
Q

TRAVEL (R/trip) (RMip)
s;

iOTAL
(R/tdp)

TIME
(min)

1 (Nt) 1 57 80 43 63,27 4,96 068;23

2 9 60 19 10,04 1,04 11,08
3' 45

__ ·';'"i

66 19,31

2 (M27) t; 1 2 80 2 2,22 0,23 2,45

2 67 60 61 14,70 7,73 ' 82,43

3 45 \'i

69 84,88

3 (R26) 1 55 80 41 61,05 4,79 65,84
2 3 60 3 3,35 0,35 3,7

(.~ n

3 5 45 '1 5,58 0,76 6,34

'~ 75,88
II

'j
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It can be teen that owing'tQ the ,directness of the route and the high operating speed,
Route 3 has the least operating cost.

-'I.

18.2 DISCUSSION

Table 20 compares the trip cost of the alternative routes witlt the potential, person
~

injured.

TABLE 20 ,! COMPARISON OF TRIP COSt, AND .,POTENTIAL PERSONS
h -

ROUTE POTENTIAL PERSOl~S
INJURED PER TRIP··

TOTAL COST (R)/T{\1P
x. •

1 66
2 566'
3 106

79;31
8th88 0

75,881)
,~--:},~ ..~'.:r

Interms of total"cost it can be-seen that with a marginal increase in operating cost, tlte
potential person injured can be reduced substantially Le, utilising route 1 (which has
the lowest risk) instead of route 3 (which has the lowest operatlngcost),

As the consequence factor is largely dependent on the population density adjacent to -,
o (:

the link, which varies throughout the day, the model' could alga be used to:\ascertain the
most appropriate time of the day to move hazardous materials=in order to reduce $e
potential risk.
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19. CONCU}SION OF SECTION :;
I

I,., i
t t

The modelling of rare hazardous. vehicle incidents implies that subjective evaluations
and estima(~s must be made and some uncertainty .is bOUfid 'i to exist. The range of
attributes which could be included in the mCl~l are large and some important factors
which may relate to a specific failure or damage mode may have been. overlooked.
However, the need to' provide a practical, comprehensible methodology for quantifying
risk is needed. '.rhese Simplifications do not mean that the results of tpe model are of
poor quality or are useless for practical, decision making. Variations are bound to occti~
in the application of the model by different users as its simplicity requires a cev'{ain
amount of judgement. however these errors are relative and 'likely to occur throughout
tl)e whole analysis and to each toutle,

Clearly the routing of hazardous material vehicles to low risk routes can enhance
I <,

public safety. While these low risk routes may reduce the potential extent of damage
,.. ..' .: ~ "

associated with an incident its effectiveness ~rustbe viewed irt relation, to possible
higher operating costs wh~ch in most instances 1filI outweigh the benefits to society.

II
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CONCLUSIONS
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20. OVERALl, CONCLUSIONS

The study clearly shows a lack of compliance by heavy vehice operators of the
regulations governing road transportation of hazardous materials: Only 22% of
vehicles can'ying hazardous materials complied with regulations in all respects. T?e
reasons tor this tow compliance can be ascribed to weak law enforcement and
~difference and negligence among operators. A majority of drivers had no idea what
substances they were carrying, an extremely dangerous situation should an incident
occur. It can be argued·,that South African heavy-vehicle operators are under
tremendous pressure to centain costs within a highly inflationary and competitive
envlronment, but this cannot be sufficient excuse for presenting such a serious i.hreat to
the public,' .;;

Heavy 'vehicle band width diagrams were constructed for the PWV area in which the c

busiest road section Ilr is found to be on the N3 between, Gillooly's and Geldenhuis
Interchanges. Excluding explosive trucks 7. 283 vehicles carrying hazardous materials
pass through this section during a 12 hour period. Ironically, this is considered to be
one pf the potentially most dangerous sections of the entire N3 because it passes
thibugh a residential area. ()

\\ A risk assessment model which tends. towards the absolute, l.e, where the risk is
expressed in quantifiable terms such as persons injtl xi, was developed. R~\presenting
rare. accidents implies that subjec~iv'eevaluations and estimates be made, and numerical
values calculated which are bound to be uncertain. Important' parameters may have
been overlooked but this does not mean the model is of'llinlted use. It is believed that

cz:

the safe transportation of hazardous. materials. can be. enhanced through effective
routing strategies and that the model developed can assist in their developments, The
case study shows that a minimum risk routing strategy can reduce, the potential damage
associated with hazardous material incidents, with a marginal increase in operatlng
cost. The effectiveness of such a strategy must be viewed in relation to possibly higher
vehicle operating costs. From the operator's point of view the introduction of 21 routing
strategy based solely on minimum risk in all but a few instances may not. be cost
effective as incidents are rare and the probability of an incident is very low.

Whilst endeavouring to provide a model which can be used by botn operator a~)dlocal
authority certain simplifications were made. Generaiised assumptions as to!.\traffic

()conditions in urban and rural areas have been made which need to be honed t<1 local
conditions.

c
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APPENDIXC

~M:CK-KNIFE. TECHNIQYE



----------------~----~----------~------~,.---------~----~-------
JACKKNIFE METHODS,

" ,\;,

In cert~in prJ61ems of .statisdc:u esti:t:l.-
tion", theoretical complexity, or la,<:k of ~
able detailed knowledge of the model !Zl.y
preclude .a the~retical approach ,10 e3Jom-
tion of the standard error and the b~ vi
an estimate. Jackknife methods provid~ di-
rect numerical approximations of both ,1:fus
and standard error, and can give r~
reliable confidence limits. The Standl:zd',j , ." ,

jackknife procedure that we shall descil:e
first turns out to be related to certain tb:o-
retical characteristics of estlmatcTS~,}:oCb:d-
ing the influence function" famili~ In, ~
bust estimation=; this relation leads to US;£-:rI
generalizations and variants of the stfmdr.i
jackknife: The jackknif~ is a relative of
cross-validation" and of various nonpaa-
metric methods".

we wish now to determine the bias and
standard, error of our estimate. In addition.
we should like io calculate probable"limits
for fJ. e.g.. a 95% confidence interva.l. H~w-
. ever. suppose that we tire uncertain as to the
distribution of X, or that we are, incapable of ',I

suitable theoretical approximation of the te·
quired moments of T. 'What can be done? A
reason,;:!:-~~starting point in many problems
is to assume that the first two moments of,T
have expansions of the Iorms

t(T) ..,.e + a I(0) + ale (1) ,+ ...
" 0 n, nl

. af(B) t1i(B)
var(T) == '_'-- +-- + , ..n () n:l " I

and thlH for large sample 'size n

(1)

{1'- E( T)} IVvar(T) (2)

ONE-SA,MPLE JACKKNIFE is approximately standard normal. Even
without knowledge of the functions a

To begin with a rather simple problem, ~ oT'~•• , the structure in (1) can be u;;ci.· • ,
pose that we have a sample of n inde~' ,On,e very elementary approach is to split
observations '~l' ••• ,Xn from a pop~ ~e aa:a randomly into two 'equal pieces,',
that possesses a well-defined characteris6dl,. supposing for the moment that n is even;
whose unknown value is of intere;it •.w:~,~" calculate the corresponding estimators Tt
an estimate t of 9, based on the sampIt;.md .;<'and .TLof. OJ and then estimate the 'lead-

280;



we wish now to determine the bias and
standard error of our estimate. In addition,

In certain ptoblems of statistical: esriza- w-e should like to calculate probable limits
tion", theoretlical complexity or lack of ~ ff?r f), e.g .. a 95% confidence irterval. How ..
able detailed Ilknowledge of the m6d~ sr .'ever, suppose! that we are uncertain as to the
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'Cion of the standard error and the biaS'" of suitable theoretical approximation of the re-
an estimate .. Jackknife methods provide 5- quired moments or T. 'What can be done? A
rect numerical apprQxih1ation~) of both bas reasonable starting point in many problems
and standard error, and can giV~r~ is to assume that the first two moments of T
reliable confidence" limits. The stallard have expansions of the forms
jackknife procedure that we shall d~ .,
first turns out to be'irelated to c.ertain ~
redeal characteristics of estimators, inclni-
ing, the influence function* familiar in. ::0-
bust estimations; this relation leads to~.J
generalizati6hs and variants or the sta.ndI:d
jackknife. The jackknife is a relatn'e of
cross-validation" and of various no~
metric methods".

JACKKNIFE METHODS

E(T):;:: 0 + al(O) + al(O} + ...
"n n2

c ar(8) ai( f) )
var(r) = --- + - + .. ,, n n2 1

(1)

and that for large sample size n

{T - E(T)} /~var(T)' (2)

ONE-SAMPLE JACKKNXFE . is approximately standard nornial, Even
.~';.' without knowledge of the functions a

To begin with a rather simple problem,~' aT, , .. the' structure in (1) can be u;~d.·. ,
pose that we,have a sample of 11 iT.ldepe.mk:lt " .One very elementary approach is to split
observations Xt, ',r ., Xn from a pop~ "the data randomly into two equal pieces,
that possesses a well-defined charactensncfll,. supposing fpr the moment that n is even;
whose, unknown value is of interest -,w:~~~.c> :calculate the cortespondin~ estimators TI
an estimate t of B. based on the samp~t;:Md .... and .. .!.'2..<?!"Qi and then estimate the lead-
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ing bias and v~Tiance' ~erms of (1) by
- T + i(TI + 1'2) and FTI - T2f, respec-
thtely. These estimates are, unbiased for
al(EJ)!n and ar(O)/11 to first order. ffi'ean~~g
that terms In higher powers of 'II-I, are))lg-
nored. However, these naive esti~ates ((are
unreliable. \(

The standard jackknife methods devel-
oped by Quenouille [221and Tukey [26] pro;
vide a sophisticated way of extending the
half-sample idea. Define

I) ,~'
I), = (n - l(~)(T - T( ..j»)' (J)'\ I

where r.; ')means It computed from (~'(!i
"Jh i.e .• ihe sample with XI omitted. Then
the leading terms for bias and variance in \ I)

, .. 1,,11 I dare estimated by - I.= - n- L.j"" j an
22j.,., (/J":;" i .i/{n(n -I)}" respectively.
The bias-adjusted form of T is therefore

and

s C; y},C""' i.lff II(~~ III (5) u

estimates both SECT) ~Ild S£(1\ ignoring
terms beyond first order in (1). The validity
of the bias correction iD easily checked by
using (l) to calculate

E(~« = (n - 1)[( * - It !'I)at(O) + .. ·1
= __al(B) + 0(11-2),

" n
where O(n -ok) means a term essentially
bounded by a constant times n -k, so that
for: .large n, O(n -2) is negligible relative to
O(n-l). '
The validity of the standard error S'is

somewhat more subtle. But for a very large
class of problems where (1) and (2)' .do
apply, S is valid and one can justify the

I,' standard normal approximation for both
(T - (})/S and (f - fJ)/ S forlarge n: Thus
the jackknife method for calculating approx-

JACKKNIFE MEtHODS ,,281

lmate lOO(L- LX)% confidence lirnits for 0 is
T'tsi k: - . S

" -- 1--(1/2)1)( l (6)

or f ± kl_( 1/2hlS ifth~,bias correction is
made, where k, is the upper 100E% pojnt of
tr ¥:/ standard normal distribution.
1,;'- ,- '.,",' , ,',' '. ' '" _

': The simple test case T= X shows th,at
~ = Xi -- ~7' 1. = 0 '(no bias" adjustment is
needed, 'Of course). and S is the usual sample
standard error. Because T +- ~ :;:; Xj here,
some authors generally refer to

11= nT - (n - l/TC_j) :;::T+ ~

'(j ~1. ... ,n) (7)

as pseudo-values; and .for SOl'11e purposes the
analogy withdata values isupt, In general.
the Pj are correlated.

(4)

ExampleJ, As an illustration, suppose that
Ii is the correlation" for pairs X:.= (r,.2).
The second and third columns of Table I
give example data for n ;;= 15 l~wschools,

Y == average, score on test A for new
admissions
Z::=: average score on test B for new
admissions. ,:

Because (1) and (6) are probably' more
reliable for r = tanh -lr than for r =: sample'
correlation itself, ,we first obtain' confidence
limits ror B ,.;;: tanh - Ip and then reexpress
these limits on the p scale. However, a bias '
correction for r must be obt~ined'Jhy jack-
knifing r 'directly, and not by reexpressing
the bias-adjusted estimate .T, since trans-
formation affects 'bias. Columns 4 and 5in Table 1 give values of f( "'J} and l_;(r) --

(n - 1)(r.-,· r( '-j); columns 6 and 7 give val-
ues of t( =I). = tanh -lr( _f) and ~(/). From. the
calculations at the foot of the table we find
that the bias-adjusted correlation estimate is

r:::= r + 1. "":'0.776+ 0,008 :::;0.?8~.,
'.,

and that approximate 95% two-sided confi-
dence limits for IJ are '

1.035:2:± 1.96 X 0.438;:'·'~:'~~~:·:-;:':;~c~.
equivalent to 0.175 and 0.956 on uie:J6;;el~~:'
tion scale. These limits,:aie"somewhafwider:

•• ,. ~ .:::..,:"<.-;,. •. " "~ -_" ,'•. :. . . ", ';,-.",. '~_ .. -.- ....

than one would, obtaiii.under an assuiirotiorl" ;



Table 1 Ja.ckJ<nifeCal~u~adonit)for Correlation with Law School Data"
G1

j)] XJ fe-/) ~(r) = (n (F "t)(r __t( _j» 's-» :::::tanh-1r{e.j) I}r) "" (It - 1)(£ - t( -)))

-1-2~,7-6-3"'_.S-9'_;·0-.8-9,.:-2--..:.-----_:.:;~~I..;:-,6-44-;----=----;--J-.43-2-~~' - 5.549
Y635 3.30. 0.763 0; J 82 1.003 0.446
3 558 2.8l' 0.755 qJ294 b.984 " 0.711
4 5,18 3.03 0.776 0.," 1.035 O.
5 666 3'.44 0;>731 0.630 0.93,1 1.461
6 580 3.01 0.780 ~ ().056 c 1.045 0.142

'''=-"~,,7 555 3.00 0.784 ....0.112 1.056 '- 0.286>,
~/8 661 3.43 0.736 0.560 0.942 t310

"9 651 3.36 0.751 ,) 0.130 0,975 0.840
10 605 3.13 0.776 O. 1.035, O.
11 653 3.12 0.818 cs - 0.588 1.151' .... L617
12 575 'J.74 0.785 'f;~O.i26 ,'j 1.058 - 0.322
13 545 {L76 0.740 !1 i~i:')~;504 0.950 1.187
14 572 2.88 0.767, " ,(,) /j~126 1.013 . ,0.311
15 594 2.96 0.779: - 0.042 ].043 - 0.106

\l... r =: 0.776, T ~ tanh - 1, = 1..0352
,. . .fr scale: I.= 0.008 \\

Jackknife . 0

calculations T scale: I. ::::...,0.098. z; If .....nl~= 40.2449. S =:

\ ~,

40.2449 T 0.438
!5x14

Ryable entries h'live berel1rounded off.
Source. Efron [5].. ' I "~I

of bIvariate normality for X, which assump-
tion would clearly be inappropriate for these
data. '" '';

The class of problems in Which the limits (6)
are valid corresponds essen tially to those
where T, is accurately approximable by an
average; indeed. it is this fact which leads to
(1) arrd (2). Thus T can be a function of
sample moments or of U-statistics* (as long
as the function has nonzero derivative). or '
an estimate of maximum likelihood type
[i.e., solution of tin equation of the form
2: aCx.,·, T) = ~ wf;ere a) is smooth): but T
cannot be a single sample quantile such as a
median or extreme value. "Miller (16] reviews
the validity of the jackknife; Reeds [23} and
Miller [181 adQ ucsefttI postscripts.

What make'§· the jackknife appealing is
that the limits (6) are quite robust in the
l'alfdity sense, so that in the correlation ex~
ample they will be valid, for a reasonably
large sampleJrom ~ny bivariate distribution.

Of course, this should not be confused with
efficielzcy robustness or resistance to aberrant
values, which the jackknife does not have.

One suggestion for obtaining .more reli2
able "confidence limits is to replace zhe nor-
mal percentile k 'i,d' (6) by t)1e Sr.udenH!
percentile for ni ~ 1 .degrees of freedom"
where n1 is the number of distinct Ij'values
[20. 26J. There is no theoretical support for
this. Very often S has a positive bias (5, IV)
which tends' to correct for variability in S.

With very large samples it may be helpful
,-to make in;ithll (random) groupings of the
data, say into g groups each' of size 112

= n/ g, and then to Jet >0 represent the jth'
data group in the earlier discussion. This has
the d~f~ct of giving, an analysis .that is not,
uniquely defined.

For problems where the bias 5s of special
interest, it is useful to know that more re-
fined bias adjustments are possible. Relevant
methods are described by Gray et al. [7J and
Schucany ei at. [24].
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