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ABSTRACT:

The transportation of hazardous goods poses a
botential threat to the health and safety of people,
property and the environment. This imposes costs in
several ways: the costs in terms of loss of life,
injury and broperty and environmental damage of
hazardous incidents and the cost of clean up ete.;
the costs of exposure to risk, including loss of
amenity, stress, and related health effects (these
costs are often reflected in property value effects);
and, the additicnal direct transport costs of measures
to reduce risk such as use of particular routes,
vehicle and vessel/packaging design regquirements, load
limits etc. As transportation of hazardous goods is
essential, the aim should be to Ffipd an optimal
position where societal and individual risk levels are
acceptable but controls are not excessive.

The approach adopted in this area by the New South
Wales Department of Environment and Planning is the
use of Quantified Risk Analysis, the gquantified
estimation of levels of risk. The risk levels derived
can be assessed against acceptable risk criteria and
the need for actior to redyce risk or to control
development or designate transport reutes  be
determined. The results can also pe used for
comparisens between alternative Ioutes to determine
least risk routes or between alternative safety
measures for cost effectiveness assessment.
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1. Introduction

I'he handling Storage and distribution of hazardous goods, such as
petreleum products, liquified petroleum gases, chlorine gas,
pesticides ehemicals/petrochemicals and radioactive materials,

eh may result

ts of fire, explosion
or toxieity. Although the botential for such incidents is

generally low, nevertheless the risk exists ang cannot be
totally eliminated.

Ihere has been a growing awareness in government
the community at large of the potential for ineig

A policy response is required to address both the reel risks
Bssociated with hazardous materials and the heightened awareness
and perception of bazard, the latter often expressed as active
opposition to existing or proposed developments. Specifically
what is required is g rational basis for deter mining the level
and types of restrictions, regulations and controls which shouig
be exercised so that Recessary or desirable activities can be

carried out without unduly compromising publie and environmental
safety,

The hazard from hazardous industries
the materials handled and associjated
eontrols but also of the location of
materials. The loeation of the activities in relation to people,
ptoperty and particular environmental features determines the
potential consequences of any hazardous incident. The potential

- for severe consequences lies largely in the effects outside the
immediate plant or storage site or in the effects on areas along

is now well recognised that there are

is a funetion not just of

the aetivities handling the

safety end environmental safety planni
engineering standards in isolation.

Diselaimer: The views expressed in this paper are those of the
authors and do not Decessarily represent the views ot policies of
the N.S. W. Department of Envirenment andg Planning.
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The comments made above are particularly applicable to dangerous
goods transportation systems, Fixed installations are more
amenable to locational, organisational and operational hazard
controls. Iransportation systems are dynamie systems with
additional external variables le.g. drivers, traffic conditions,
ete..) diffieult to bring into one overall control system.
Dangerous goods route planning becomes particularly relevant in
this regard. This paper outlines the approach and methodology
8dopted by the New South Wales Department of Envirenment and
Planning in this area with particular emphasis on transportation
matters.

2. The Costs of Handling Hazardous Materials -

The potential for fire, explosions or releases to the'environment
of hazardous materials in process, storage or while being. trans-
ported imposes costs in seversal ways, whieh can be termed
incident ¢osts, risk exposure costs and costs of safety measures.

i} Incident Costs

These are the costs of actual incidents in terms of loss of life,
injury to people and property and environmental damage and the
cost of control and clean up ete. These costs are potentially
very large particularly where large populations or sensitive
environments are exposed or where highly toxie materials are
concerned. ToXic releases in particular could result in large
numbers of people being kiiled or injured as in Bhopal or severe
environmental damage as occurred in the Sandoz fire where the
Rhine wes heavily contaminated with pesticides. Ihe incidence of
these costs veries with the case but by no means all of sueh
costs borne by the industry or transporter, especially where
costs which are difficult to translate into dollar values such as
effeets on the bio-physical environment are concerned. Some of
the more conventionally accepted costs which esn be eovered to an
extent by financial compensation are reflected through insurance
payments but not all such costs are covered and in practice these
costs are often borne by private individuals or the . public
sector.

li) Risk Exposure Costs

These are the less tangible costs of exposure to the risk of sueh
incidents sueh as loss of residential amenity, stress (and
related health effeets) and the effects on residential property
values. The extent of these effects depends largely on percept-
lon. Where incidents have oceurred or new developments have been
publicised, then perception is heightened and stress, loss of
amenity and property value effects aeccentuated. The magnitude
and ineidence of these costs is very difficult to determine,
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ii) Costs of Safety Measures

Measures designed to reduce the likelthood or severity of
incidents such as locational and design requirements and, in the
case of transportation, requirements to use particular ioutes,
vehicle and (pressure) vessel or packaging design requirements,
ioad limits ete. impose costs. These costs would normally be

direetly borne as additional operating costs and built-in tg
pricing structures.

Ihe safety measure costs can be seen as internalised costs which
would otherwise be barne as incident and risk costs. Importantly,
however, caontrol Mmeasures can also reduce total eo

costs of these measures i i

The objective should be to sel control measures at a level where
this is clearly true. As the brief comments above show,
however, the determination of the appropriate point where the
benefit of safety and risk reduction measures outweigh the costs
eannot be simply determined as there is no easy monetary

measures of the value of the benefits, A surrogate measure must
therefore be used.

3. Control Measures

Historicaily the approach to hazard control and safety measures.
has been & teechnicai one of setiing engineering standards and
design specifications together with support measures such as
hazard placarding for hazardous industry plant or transport
vehicles, These measures have a legitimate role to play,
generally however they have been developed and applied in
iselation from considerations of cumulative impact or the nature
of the uses of affected lands. They have generally not been
determined on any systematic rational basis relating them to the
appropriateness of the level of safety provided. Such measures
in isolation therefore, have been largely unrelated to the
question of the level of costs and wh

4. Approaech Adopted by the New South Wales Department of
Environment and Planning

The Major Hazards Policy Unit of the N.S.W. Department of
Environment and Planning has adopted an alternative approach to
these issues which provides & systematic and rational basis for
determining the appropriate level of control Mmeasures, provides
an effective basis for determining the distribution of residual
risk costs and can be flexible to meet specific cases and

circumstances. Jt also provides a sound basis for determining
the most cost effeetive measures.

Ihe approach is based on the concept of ascceptable risk

y &nd the
methodology ¢f hazard analysis and quantified rigk asses

sment.
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The acceptabje risk concept is that all activities involve a
degree of risk, either voluntary or imposed, and that peopie
clearly demonstrate thet some level of risk is acceptable in
return for benefits. The classic example of this is the choice
to use motor vehicles : there is clearly-a significant and well
known risk of death or injury but pecple judge that taking this
risk is justified by the benefits of sueh yse.

The basie methodology of hazards analysis and quantitive risk
assessment is illustrated in Figure 1 Basic Methodology. Four
elements are involved : hazard identification, consequence
analysis, probability (or frequency) estimation and quantified
risk assessment.

Hazard identification involves the identification of the
materials handled and their properties such as flammability,
toxicity and volatility and possible incidents. e

Consequence analysis is the estimation of consequences of
possible incidents in terms of the physical effects sueh as heat
flux, explosion overpressure and toxic concentrations at. various
points and the impect of those physicel effects on receptors such
as residents and sensitive environments. Probability or
frequency estimation is the estimation both of the likelihood of
incident oeccurring and the likelihood of particular outcome if
those events oceur. For example in the case of a toxic gas
storage, information on probability of sueh things as vessel
failure or pipe failure, frequencies of various wind and
stability conditions and the probability of fatality or injury
from given concentrations is necessary.

The consequence and probability estimations are combined to give
a quantified risk result. Addition of all results gives the
cumulative risk for any given point of a particular effect. The
MO8t common expression is in terms of human fatality risk usually
on an annual basis. Without loss of validity the results can be
expressed in other terms such as levels of injury, property
damage or environmental damage.

Human fatality risk results are commonly expressed in two forms,
individuel risk end societal risk. Individual risk is the risk
of death of a person at a particular point from the souice.
Societal risk is the risks of a number of fatalities gecurring .
The societal risk concept is based on the premise that society is
more concerned with incidents which kill a larger number of
people than incidents whieh kill smaller numbers.

The quantified risk result can be ysed for comparative purpoes or
judged against sdopted acceptable risk criteria. TIhere can be
debate as to any adopted acceptable risk eriteria but such debate
does not invalidate the approasch.
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5. Application '

The Unit applies the approach in four areas,
new development Proposals, the assessment of risk in areas with
existing or new concentrations of hazardous industries, the
development of guidelines for activities where direct involvement
by the Department ipn development consent is not appropriate, and
in tramsportatien studjes. In the case of hazardous industry,
the Department applies a seven stage approval process for the
industrial hazard aspects. The process is shown in Figure 2 Land
Use Safety Requirements. As will be noted, the process does not
stop at the Environments] Impaet Assessment development
application stage, put continues, through conditions attached to
consent, to address the safety of the plant or operation as a
whole through the finai design, construction and operational
phases - the latter through requirements for annual hagzard
guditing to ensure that initiaj operating safety standards are
maintained, The impacts of transportation @ssociated with
proposals are fully considered in this process. S

Ihe assessment of

Ihe area studies such es those carried out for the.:Botany/
Randwiek Industrial Complex and Port Botany (10) and the Kurnell
area (12} elso have g transport component with the integration

into the studies and their recommendations of the results of
complementary transportation studies,

Applications of Quantified Risk Analysis in assessing Land Use
Safety Implications for potentially hazardous installations sueh
as chemijcal/petro-chemical complexes and related storage
facilities are well established. The application to transport
raises chaillenges due to the dynamic nature and the extent to
which factors outside the control of the particular operation are
involved, The transport studies sare particularly important
however as it is often during transportation that the risk of
incidents is at its highest level and where control or
containment is at its most diffieult.

Ihe Department has development techniques to overcome these
problems end Study results have been used for the development of
policy measures covering such things as route designation,

packeging and containment of loads, load limitations and road
contribution caleulations.

The following section of the baper briefly cutlines some examples
of the applications of the approach to transport issues.

6. Risk Assessment of Dangerous Goods Routes

In Mareh 1980, the N.S.W. Department of Environment and Planning
initiated an investigation into the risk to people living in or
areund the Botany/Randwick industrial Complex. The investigation
which led to the assegsment study was initiated by the Department

In respense to concern expressed by community groups and local
eouncils.
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Ihe Botany/Rendwick industrial complex an¢ Port Botany comprises
the largest area of industrial land in the Sydney Region.
Integrated inte some 600 hectares of industrial zoned land are
major petro chemical and petroleum storage facilities responsible
for storing or Processing over 450,000 topnes of flammable
liquids and gases, and over 22,800 tonnes of toxie or highly
reactive materials.

In that context the main abjectives of. the Department's
assessment study were : RS POy :

to examine whether public safety, property or normal
community activity are at risk from inqustrial operations in
the Botany/Randwick Industrial Compiex and Port Botany;

if sueh risks are found, to quantify the hazard impact and
identify the major contributing causes; and

outline and prioritize cost effective measures to ensure
reasonable and acceptable levels of publie, -property - and
community safety, S

It is the Department's experience that Guantified Risk ‘Assessment
offers the most cost effective means in fact the only means by
which technical, e¢conomic and land use safety issues can be
assessed,

Once assessed and the major risk contributors igentified, risk

reduction options can be formulated.

These same conclusions were reached in consideration and assess-
ment of appropriate transport routes for the carriage of hazard-
ous materials, moreover these techniques can apply to any dynamie
transport system. Specifically three main considerations cught
to be accounted for in the formulation of a truck route system
for the carriage of hazardous materials, they are:

cumulative traffie implications ineluding level of serviee
of existing roads, intersection capacity, aeccident
retes and traffic volume;

safety and lend use impacts as a result of Quantified Risk
Assessment;

economie distribution considerations ineluding operator's
tequirements for practical transportation economies.

In this regard the N.S.W. Department of Environment and Planning
has developed specialised hazard analysis technigues which fully
acecunt for the considerations outlined above. The steps involved
in application of these technigues are deseribed schematically in
figure 3, Dynamic Transport Risk .
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Examples of the application of these techniques to transport
implemented by the Department include "The Kurnell Transportation
Study", N.S.W. Department of Environment and Planning, 1986,
{12) and "Dangetous Coods Iruck Routes in the Surrounds of Port
Botany", N.S.W. Department of Environment and Planning,
{Unpublished). t13)

It should be noted that the main purpose of the Port Botany study
" was not to determine 1isk levels along each route but rather to
compare the safety implications of each route as an input into
the gverall route selection process and then rank the routes in
terms of relative risks.

On that basis a mathematical derivation for selecting preferred
routes (suitable for computer simulation} is detailed in Appendix
A, Route Comparison.

Ihe method adopted could be further refined to evaluate the risk
more accurately along a particular route, as in the case for the
Kurnell Transportation Study where such accurancy was required to
pinpoint mejor risk contributors and formulate priorities for
road upgrading Works.

7. Computer Simulation and Hazard Analysis

The hazard anelysis technigues, developed by the Department for
selecting preferred routes for the transportation of dangerous
goods tankers are ideally suited to simulation by computer. In
this section the simulation model developed for the Port Botany
Study is generally deseribed. For ease of explanation we have
described the Port Botany maodel as schematieally represented in
Figure 3, Dynamic Transport Risk. More detail is given using
trapsportation of petrol tankers &s a worked example, (see
Appendix B, Petrol Tanker Analysis).

7.1 Hazard Identification

(i} Eeasiple routes

It was considered appropriate that all arterial/sub~arterial
routes in the study area {as defined by the Sydney Road Hierarchy
Plan) which provide relatively convenient access between Port
Botany and the major roads external to the study area, wele
potential dangerous goods truck routes. This was also scrutinized
by responses from 24 companies/operators within Port Botany
associated with the production, storage and transport of
aangerous goods. Responses covered areas relevant to:

weekly movements and total number of vehicles ecarrying
dengerous goods;

type of vehicle and class of dangerous goods transported
(i.e. material and quentity);
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transport routes presently used by type of vehicle and the
reasons for fravelling these routes;

{ransport operational costs;
accident history since 1875;

" safety precautions which are currently and/or planned for
the transport of dangerous goods.

Analysis of responses showed & total of 210 vehicles transporting
dangerous goods arrived at Port Botany on an average week. During
the same period, some 1535 vehicles transported dangerous goods
away from Port Botany. ~Of these, about 65 percent carrieg
flammable liguid (e.g. petrol) whilst only 6.5 percent of
vehicles carried liquified flammable gas (e.g. LPG).

In all, dangerous goods truck movements Iepresented approximately
8.3% of all truck movements and 0.08% of 21l vehicle movements.

(i)  Inogident Seeparjos

Analysis of vehiele type, materials and quantity transported led
to a number of simplifying and conservative assumptions .

Firstly, all materials were broadly classified into 3 groups ot
representative loads. By representative load it was assumed that
the physical and chemical broperties of petrol are typical for
all flammable liquids, thet LP Gas is typical for all liquified
flammable gases and chlorine typical of all toxic gases. It
should be noted that the carriage of petrol, LP Gas and chlorine
in any case represents more than 88% oi all dangercus goods
movements in the surrounds of Port Botan Va

Secondly, only articulated rigid tankers were eonsidered.

Finally surveys of incidents involving petrol tankers, LPG
tankers and chlorine tankers were analysed to identify incident
scenarios and relevant ‘frequencies ¢f release. These incidents
were then subject to fault/event tree principles to give the
event trees shown in Figures 4, 5 and 6 for petrol tanker
accidents, LPG tanker accigents and chlorine tanker accidents.

[ncident surveys analysed included "Severity of Transportation
Accidents” (Clarke, Foley, et al, 1976) (16), "Risk Assessment
of futwre LPG facilities in New Zealand" Liwuid Fuels TIrust
Board, prepared by TNO (1984), (8) and Energy, 1984), and the

"California Tank Truck Accident Survey" California Highway
Patrol, (1981} (2).

7.2 Probabjlity Analysis

Informeation on roesd accidents are compiled by the Iraffic
Authority of New South Wales. The number of truck accidents
per annum for each route segment was obtained from the Traffie
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FIGURE 4. EVENT TREE FOR PETROL TANKER ACCIDENT
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FIGURE 5. EVENT TREE FOR LPG TANKER ACCIDENT
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Authority for the years 1979 to 1985 inclusive and the mean
number per annum determined. Where the route sub-segments were
shorter than the segment for which accidents were recorded and
number of accidents was scaled allowing for traffic density and
sub-segment length.

The total number of trueks passing along & route segment in any
year may be estimated from the average annual daily traffic
(AADT;) and the ratio of trucks to totai traffie (TITj)

Number of trucks/annum = (TII); x (AADT); x 365

Ihe probability of a truck accident {pai) for any truck passing
passing segment i .

(TTT)j x (AADT){ x 365

In the absence of detailed dgata ITl; = 0.08 (i.e. 8% of the
total traffie is trucks) has been used for all route segments and
is congisient with the results of screen line surveys conducted
on behalf of the Department.

Ihese aceident probabilities from the top or initiating ‘event in
each event tree model. '

7.3 Consequence Apalysis

The consequence of each acecident scenario was estimated using
well established caleulation methods. Based on sueh estimates
and the mean population densities for land use adjoining each
route segment, the number of people affected by the postulated
incidents could be determined.

Qf course consequences may be measured for population, property
or both, by the analyst specifying the level of impact, Effects
of heat radiation levels are given in Table 1, Consequences of
Heat Radiation. For transport planning purposes the Department
adopted a level of 12.6 kW/m2. As can be seen from the tabie
the effect can be fatal to 30% of the outdoor popuiation for
eontinuous exposure. '




JABLE 1 CONSEQUENCES OF HEAL RADIATION

Heat Radiation (kW/m2

1.2 Received from the sun at noonin summer

2.1 Minimum to cause pain after I minute

4.7 Will cause pain in 15-20 seconds and
injury after 30 seconds exposure (at
least second degree burns will oceur).

30% chance of fatality for continu~
ous exposure. High chance of injury.

Cause the temperature of wood to &
point where it can be ignited by &
naked flame after long exposure.

Thin steel with insulation on the
side away from the fire may reach a
thermal stress level high enough to
cause structural failure.

100% chance of fatality for continu-
Qus exposure to people and 0%
chance of fatality for instantaneous
exposure.

Spontaneous ignition of wood after
long exposure.

Unprotected steel will reach thermal
stress temperatures to cause failure

Pressure vessel needs to be relieved
or failure would oceCur .

Cellulosic material will pilot
ignite within one minute exposure.

25% chance of fatality if people are
exposed instantaneousiy.

100% chence of fatality for
instantaneous exposure.
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Similarly effeet levels for explosion overpressure and toxic gas
concentration can be expressed in terms of risk of fatality.

7.4 Risk Assessment

The probability and conseqguences of an accident were combined to
give risk levels along each route segment. These were further
cumulatively computed to quantify overall resultant risk levels
elong each route. Results were in terms of fatality frequenecy
per million tanker movements of dangerous goods for each route
being considered. Routes were compared on that basis and the
ones with 'least' exposure selected as being acceptable routes.

These acceptable routes were then subject to traffic and economic
analysis ineluding:

Average Annual Daily Traffie Volumes (N.S.W. Iraffie
Authority).

Screenline intersection Counts and Field Survey.
. Travel time information.
. Physical and opersational charaeteristics.
Operating costs, both fixed and variable.
As part of the route selection process.

In addition to selecting preferred routes for the transpartation
of dangercus goods the Department can iscolate the principal
sources of risk using a recently acquired computer simulation
package known as the SAFETI package. The paeckage comprises a
suite of over 80 individual programs for the calculation of risk
levels using Quantified Hazard Analysis and Risk Assessment
Techniques. The Department is one of four publie authorities in
the world utilizing the package to resoive land use safety
confliets through the minimization of risk levels.

As a direet application of the package the Department has
formulated risk reduction options by way of road upgradings for
the Kurnell Transportetion Study. Figure 7, "Kurnell Transport
Safety Societal Risk Levels" depicts the risk levels for the
existing dangerous goods movements and the cumulative effects of
an inerease in dangerous goods movements due to new
developments.

8. Conelusiop

This approach to finding the appropriate balance between the need
for the use, storage and transport of hazardous materials and
land use and environmental safety, that is determining whether
costs should be borne as ineidert and risk costs or safety
measures and who should bear them, is relatively new. The
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Figure 7 KURNELL TRANSPORT SAFETY SCCIETAL RISK LEWELS
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application of the approaeh to fixed plant and to flammable
liquids and gases and materials with acute toxicity effeets on
people are relatively well developed, The agpplication to
transport, to non-acute toxicity and to impacts om the bio-
physical environment are less well developed. The Department in
applying it to these areas has developed new techniques and
extended and adapted others.

While development and refinement is on-going, we have found the
approach to be extremely useful and very cost effective in terms
of staff resources in the hazard cantrol process. The
methodology is particularly useful for compatison of the cost
effectiveness of measures and for identifying particular
component contribution to risk so that measures cap be applied
which have the greatest effeet with the least control measure
costs,

The hazard and safety aspects of any decisions on transport or
plant development are of course only part of the total eontext in
which these decisions must be made and the hazard analysis and
risk assessment methodoiogy should be regarded as providing an
input to the decision making process. OQne of the advantages of
the approach is that it allows flexibility to deal with
particular cases on their merits rather than appiying blanket
controis,

In this regard it is important not to adopt rigid risk criteria.
It is also important that the conmcept of acceptable risk should
not be twisted to suggest that low 1isk levels should be aliowed
to rise, that operations should be allowed to become lass safe.
A principle applied by the Department is that regardiess of the
level of risk shown, avoidable risk should be avoided, e.g. if a
safer alternative process or material is available at reasonable
cost then it should be used.
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Appendix A ROUTE COMPARISON

Each of these routes has been broken into sub—segments for
which information on land use, and accident frequency, is

known,

Thus if one comsiders the movement of & truck carryling dangerous

goods along a route :

For each sub-segment i1 of the route there is a probability of the

truck being involved in an aceident  puq

For each accident there are a number of possible accident scenariocs
(54) each of which may be considered to be fatal to individuals

present within a radius Ty - of the accident with a probability

Psy:

The number of people present and affected at the scene of an

accident depends on the population density /01

= 1T rjzfoi

Thus if one conmaiders the passage of a truck through a toute
segment i the probability of some one being killed for scenario
1is.

2
" Pag ¥ Pgy X m Ty 1

Ihe probebility of someone being killed from the passage of
the truck along the sub—segment i is the sum of the probabilities

for all possible aceident scenarios

2
ie ? Pai Psy LER R

“Par P4 jz T sz Py

How for any type of load the term .rjz Pgj is a congtant

independent of the route. -




‘We have ‘¢alled thig the Severity Index, $I, for che load..

Thus the probable number of fataliries from:the passige of -a
truck carrying load I along subsegment 1
" Pai /O (SI))
"The probable number of fatalities from the passage of a truck

carrying load I along a given route is

- % Pai o (I

- (1), %
(51} N Paj /Oi

It i3 thus posgibie to assess the relative safety of two alternitas

routes by comparison of the term é Pai At

for each alternative route.




Appendix B PETROL TANKER ANALYSIS

A survey of incidents involving petrol tankers reported by the

Chief ILnepector of Inflammable Liquids, Victoria has shewn
thar fuel is released Ln 50% of the accidents and that a fire
ensues in 20% of the accidents when fuel is released.
The distribution of the fuel spiilage is

25% < 1090 ligre

20% 1000-5000 litre

20% 5000~-1000; litre

20%Z 10000-20000 litre

15% > 20000 litre

In Severity of Iransportatlon Accidents It 1s indfcated that a

fuel spill of 250 US gal distributes over an area of 125 £t2, 500 gal

over 200 £t2, and 10000 gal over 500 £tZ.

Tt 1s thus estimated that a poel firez from a B0CC litre spill will be
3m diamerer, from a 1000-5000 litre 4m, 5000-1000¢ litre 5m, 10000-20000

litre 6m, and » 20000 licre 8m ia diameter.

Further it is aseumed that 100% fatalities will occur within the radius
uhere the intensity of radiation from the fire exceads 12.5 kW/m? and
uo fatalities will occur at lower radiation intensities. (Note that in
mont cases the area will be e:.racuated before the fire reaches full
intenaity and the use of lower levels of radiation eg 4.7 kW/md which
most people can survive, if only for a few seconds, will grossly over

sastimate the number of fatalities. Further information om the effects

of heat radiation are summarised in TABLE 17}




