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Editor’s note: Waste disposal and hazardous manufacturing 
activities are the lepers of modern society. Even though 
they offer considerable opportunity for local economic 
development, they are naturally viewed suspiciously or 
with hostility by most communities. Perhaps their 
acceptability could be improved by more careful planning 
processes that offer stringent protection against 
unacceptable risk. Read on! 

FOREWORD 

In 1991, the Queensland Government invited the 
Queensland Division of the Australian Institute of Urban 
Studies to review the current land-use planning procedures 
concerned with hazardous industries, and to consider how 
they could be improved. The Institute commissioned the 
authors to carry out the investigation, and this paper is 
drawn from their report. (Milburn and Cameron 1992). 
The paper outlines the systems used in Queensland, and 
suggests a possible approach to land-use planning for haz¬ 
ardous establishments that incorporates the ideas of total 
risk management. The approach is generic in nature, and 
draws from experience and practice within Australia and 
overseas. 

INTRODUCTION 

In regional economic development, the essential 
aim of the State Government is to reduce regional 
disparities and increase regional employment op¬ 
portunities. These activities bridge the economic 
development initiatives at state and local levels. 
At the local level, such initiatives often span sev¬ 
eral local communities. 

Those who plan, develop, use and regulate land 
for industrial purposes, are becoming increas¬ 
ingly aware of particular problems associated 
with establishments that use, store or produce 
hazardous substances. In these types of 
operations, events occurring on-site may have 
significant off-site impacts. Such impacts can 
impinge on regional development if they occur 
over areas wider than just a single municipality. 

There is a growing community awareness of the 
implications of having hazardous establishments 
close to urban areas. This has brought pressure to 
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bear on legislators, local authorities and operators 
to improve the current system of controls. In par¬ 
ticular, the handling of applications to develop 
hazardous industry is the prime target of the pres¬ 
sure for change. 

Dealing with development applications is an inte¬ 
gral part of regional economic development. The 
question of land-use safety planning for haz¬ 
ardous establishments is, therefore, of direct rel¬ 
evance to regional practitioners, particularly 
where they may become involved in the siting of 
such facilities, or in the presentation of develop¬ 
ment proposals to local authorities. Therefore, it 
is desirable to integrate the regional process with 
the risk management process. 

The authors have based the approach to their task 
around a risk management policy that attempts to 
integrate competing aspects. The approach 
recognises the importance of hazard analysis 
methods and quantified risk assessment as tools 
in the total risk management framework. 

CURRENT ISSUES 

Rationalisation of the System 

A major issue in Queensland is the matter of 
handling proposals for the development of haz¬ 
ardous establishments. Some Queensland local 
authorities have developed ad hoc procedures to 
deal with difficult cases. Because of these prob¬ 
lems, industry is pressing for a simplified pro¬ 
cess. Ideally, this provides for (1) a single 
application; (2) a single approval or permit; (3) a 
comprehensive and coherent monitoring system 
without overlapping jurisdictions; and (4) a 
speedy, efficient and effective resolution of all 
regulatory requirements. 

Both overseas and within Australia, the relevant 
authorities have adopted various approaches in 
land-use safety planning for hazardous estab¬ 
lishments. We examine selected aspects of some 
of them later. 

Land-use planning encourages the community to 
intervene in the process. Where hazardous indus¬ 
try is concerned, there is a rising response to sit¬ 
ing issues of ‘Not In My Back Yard'. It is 
essential, therefore, to establish effective consul¬ 
tation processes which bridge the communication 
gaps between the proponent, government bodies 
and the local communities. The need to introduce 
a coordinated system of approvals is paramount. 
That is, one where all parties come together to 
discuss the key issues and requirements. Some 
experience gained in this area has shown 

promising results. 

Elements of Regulation 

The activities of storing, using or producing haz¬ 
ardous substances involve three fundamental 
aspects. These are: 
• the use of land for the particular purpose in¬ 

volving the hazardous substances; 
• the development of land to house the ac¬ 

tivities that are to be carried out; and 
• the actual carrying out of the activity, 

(or the carrying out of operations), on the 
land. 

These aspects involve the exercise of the property 
rights attaching to the land. There are two ways 
ins which such property rights may be regulated. 
The first permits the use and development of 
land. In this version, the permission ‘attaches to 
the land’. Also, it normally is freely transferable 
to, and is binding on, successors in title. We re¬ 
fer to it as the ‘town planning consent 
permit’. The second way permits operations to 
be carried out on the land. In this version, the 
permission ‘attaches to the holder’. Often, it can¬ 
not be transferred without the approval of the 
regulatory authority. We know it as the 
‘licence’. 

Conditions may be imposed on a proposed de¬ 
velopment through the planning scheme, the 
town planning consent permit or the licence. 
Sometimes, there may be conflict between the 
‘planning’ conditions and the conditions appli¬ 
cable to the ‘licensed premises’. Resolution of 
these conflicts can be achieved by a rational divi¬ 
sion of control between the planning scheme, 
permit and licence. 

Land-Use Safety Planning 

Risk management in Queensland needs to be im¬ 
proved. The objective in any improvement pro¬ 
gram should be to merge land-use safety plan¬ 
ning and risk management into a coherent and 
coordinated system. The major elements of such 
a holistic process would include: 
• land-use safety; planning: 

- strategic policies for hazardous industry; 
- transport routes for hazardous substances; 
- development control mechanisms; 

• operational safety procedures: 
- hazard identification; 
- consequence analysis: 
- frequency analysis; 
- risk analysis; 
- environmental auditing of hazards and 

emisions; 
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• emergency planning: 
- plant operations (plans for fire safety and 

both on- and off- site emergencies); 
- community response operations (area 

emergency plans and the auditing of re¬ 
sponse capabilities). 

THE FUNDAMENTAL PRINCIPLES OF 
RISK MANAGEMENT 

Land-use safety planning relies on the techniques 
of risk management in its decision making. 
However, in the larger sense, the former is a 
function of the latter. Therefore, in its applica¬ 
tion, the major features of risk management that 
influence the decision making process will 
include: 
• a statement of objectives sought; 
• hazard identification; 
• measurement of hazards and risks; 
• assessment of land-use implications; 
• determination of risk significance; and 
• the installation of control and monitoring 

mechanisms. 

Aspects of Risk 

Risk management techniques recognise that risks 
to life, property and the environment are an 
inevitable consequence of hazardous activities. 
Risks arise from one or more principal situations: 
major chemical hazards; dangerous production 
processes and approaches to their management 
(including control mechanisms and emergency 
plans); and the extent to which incidents can be 
quarantined by physical barriers - for instance. 

Bearing these in mind, we may tackle the 
‘residual’ risk associated with a hazardous indus¬ 
try in two basic ways: 
• by in-situ measures, (source oriented); 
• by regulating source and sensitive land-use 

distances, (effect oriented). 

Assessing the Source Oriented 
Components 

Analysis of the source oriented components in¬ 
volves quantified risk assessment (QRA) tech¬ 
niques, as depicted in Figure 1. The key areas 
are: 
Hazard identification looks systematically for 
potential incidents that could harm people, 
property or the environment. 
Consequence analysis determines the rates ot 
release of toxic, flammable or explosive materials 
from hazardous substances held on site, and the 
resultant physical effects. 
Frequency analysis determines the likelihood 

that such specified events will occur. 
Risk analysis combines the consequences and 
frequencies to arrive at individual and societal 
(group) risk levels. 
Risk assessment compares the identified risks 
with defined risk criteria for decision making. 
Quantified risk assessment presently provides the 
only practicable tool for informed land-use safety 
planning. 

Assessing the Effect Oriented 
Components 

A proposal to introduce a hazardous 
establishment to a locality or to extend existing 
operations involves several effect oriented 
decisions. Should the activity be permitted on 
such planning grounds as amenity, access or 
economic need? How do we choose amongst the 
options for siting, alternative access routes, or 
disposal systems? Should we permit other land 
uses nearby - for example, housing, shopping 
centres, and sports facilities? What separation 
distances are required between the plant and the 
adjoining sensitive land uses? 

The basis of these decisions is whether the 
establishment is justifiable, in any one of its 
optional states, to the proponent, regulatory 
authorities and the public. The risks generated by 
the activity are usually only on of the aspects that 
will influence the final decision. Operational, 
economic, social, political and environmental 
issues are usually equally important. However, 
when the risks are high, they may dominate the 
decision making. 

Risk Criteria 

The use of quantified risk assessment (QRA) 
requires some form of risk criteria to be 
established for decision making purposes. New 
South Wales, Western Australia and Western 
European countries have determined levels of 
involuntary risk that are considered acceptable. 
Central to their methods of control is the criterion 
that a hazardous industry should not expose the 
residents, of an adjacent residential area, to the 
chance of a fatality greater that one in a million 
per year. In comparison, many people voluntarily 
accept the risk of dying from smoking cigarettes, 
which is some 5,000 times greater.The residential 
criterion has been adjusted to account for other 
types of land use, such as schools, hospitals, 
sporting facilities, and general industrial areas. 
For example, a chance of fatality of 50 in one 
million is considered tolerable for industrial sites. 
The acceptable risk levels, in areas other than 
residential, are based in part on the vulnerability 
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QUANTITATIVE RISK ASSESSMENT IQRA) 
An Overview 

Figure 1 Quantitative Risk Assessment 

an overview. 

SYSTEM 
DESCRIPTION 

HAZARD 
IDENTIFICATION 

Figure 2: Categories of Hazardous Industri 

Activities . 

CONSEQUENCE FREQUENCY 
ESTIMATION ESTIMATION 

RISK . ACCEPT 

—| 

NO MODIFY , J 
TARGETS RISK ? SYSTEM 

f 

PROCEED 

INDIVIDUAL 

9ISK-CHANCE 
Of FATALITY 

FER YEAR 

REQUIREMENTS FOR 
RISK REDUCTION 

t 
o 

s 

£! 
8 * 
75 

X 

_ 500 x 10 

— 100 x 10 _ 

_ 50x 10^ _ 

_ 10x 10-6 _ 

RISK REDUCTION 

RISK -. - ABSOLUTELY 

RISK 

REDUCTION 
NECESSARY 

TO BE ALWAYS 

, REDUCED EXPECTED * 
IxlO*9 _ __ _ **j Figure 3: Requirements foi 

Risk Reduction. 

24 Papers in Regional Policy vl.2 



of people, and the potential for multiple 
fatalities. However, risk criteria are not, and 
never can be, precise. When a regulatory 
authority believes that a risk is tolerable, it is 
making a social and political judgement that 
may be guided but never replaced by technical 
advice. (Technica 1990) 

PRINCIPLES FOR PUTTING RISK 
MANAGEMENT INTO PRACTICE 

Central to any process of risk management is 
minimising the risk of hazardous industries. 
The key principles for achieving this may be 
gleaned from experience both within and be¬ 
yond Australia: classify hazardous establish¬ 
ments by magnitude of risk; establish thresh¬ 
olds of risk between each category; determine 
the appropriate mechanism for risk estimation; 
assess the significance of risk in terms of the 
adjacent sensitive land uses; and determine the 
mechanisms for controlling those risks. 

Classifying Hazardous Activities 

We can categorise hazardous industries by the 
frequency and consequence of incidents flow¬ 
ing from their inventories of hazardous sub¬ 
stances, and on-site operations. In Categories 1 
and 2, (see Figure 2), the quantity of hazardous 
substances used on-site should not cause 
significant off-site impacts. On the other hand, 
Categories 3 and 4 are of major concern to 
land-use safety planning. Because of the range 
of risk within categories, however, there are 
‘grey’ areas between categories that may 
require consultation to resolve key issues. 

The various actions appropriate to each of the 
four categories are as follows: 
• Category 1; Minor risk sites entail 

only occupational risks. They have negligi¬ 
ble off-site impacts. They hold only minor 
amounts of hazardous substances, are ex¬ 
empt from the need to placard, and could be 
excluded from the hazardous industry 
controls. 

• Category 2: Potential moderate risk 
sites generate minimal and ‘acceptable’ off¬ 
site risks, (‘tolerable’ from the public’s 
viewpoint). Such establishments would be 
allowed to operate, subject to compliance 
with prescriptive operational regulations, 
under the ‘duty of care’ of the occupier. 
Sites classified as lying in the ‘grey’ area 
between Categories 2 and 3, may require 
special attention. 

• Category 3: Potential major risk 
sites - (sometimes referred to elsewhere as 

‘major hazard sites’) create off-site risks re¬ 
quiring ‘justification’. They may be permit¬ 
ted at the discretion of the relevant authority, 
provided the proponent reduces the risks 
below an acceptable level. 

• Category 4: Extreme risk sites gener¬ 
ate unacceptable off-site risks that require 
prohibition. 

Quantifying the Thresholds 

An analysis of the processes adopted else¬ 
where, suggests that those establishments that 
impose only minor off-site risks should be 
‘filtered out’. The method of filtering should be 
simple, and should be based on the hazards 
posed by an establishment, rather than utilise 
the laborious and costly techniques in quantified 
risk assessment. The State of Victoria uses a 
self-assessed ‘factoring’ method, comparable to 
that used in the European Communities. A 
similar process for Queensland, could be based 
on the procedure used to determine which 
establishments need warning placards. The final 
form of the method would require consultation 
between industry groups and the government. 

Applying Quantified Risk Assessment 

Using a self-regulation process based on the 
placarding procedure, a proponent or occupier 
could categorise the establishment. Where the 
assessment places the establishment within 
Categories 3 and 4, or the higher levels of 
Category 2, risk management becomes impor¬ 
tant. In such cases, a preliminary risk assess¬ 
ment, using QRA techniques, should support 
an application for approval to develop or ex¬ 
pand. The terms of reference for an environ¬ 
mental impact assessment could incorporate 
such a requirement. 

Determining the Significance of Risk 

Where establishments are in the higher risk cat¬ 
egories, the significance of the identified risks 
must be determined. The procedure suggested 
below, has been synthesised from those of 
New South Wales, Western Australia and 
Victoria. (NSW 1989 and 1990). The first step 
is to assign risk assessment criteria to the 
various uses of land adjacent to the hazardous 
establishment. Next, we define around each 
criterion, a ‘decision band’ of two orders of 
magnitude; this is the practice in Western 
Australia. The relationship between the ‘central 
criterion’ and the decision band, for various 
categories of land use, is shown in Figure 3. 
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Figure 4: Land-Use Map Overlaid 

with Iso-Risk Contours. 
Figure 5: Strategic Plan Map Overlaid 

with Iso-Risk Perimeters 
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The ‘acceptable’ chance of a fatality, indicated 
by the central criterion, reduces as the sensitiv¬ 
ity of the adjacent land-use increases (for ex¬ 
ample, from industrial to hospitals). This 
reflects a conservative viewpoint based upon 
group risk considerations. The decision band 
reflects the uncertainty in the quantified risk as¬ 
sessment results, which can vary by roughly 
one order of magnitude or more. 

Iso-risk or ‘equal’ risk contours, shown on a 
land-use or zoning map, suggest areas of con¬ 
cern, (see Figure 4). Where an establishment 
imposes risks within the decision band, but 
above the central criterion, the proponent 
should reduce the risks to a level below the 
central criterion. Where the risks are 
‘acceptable’, the proponent should reduce the 
risks ‘as low as reasonably achievable’. 

Mechanisms to Control Risk 

As we discussed earlier, we can reduce the 
residual risk imposed by an establishment in 
two different ways. The first way is by in-situ 
measures (technology and management), the 
second by physical separation. To minimise 
risk implies control, either by self-control or by 
imposed control; to optimise the attributes of a 
particular establishment, will normally invoke 
both forms of risk reduction. 

A BASIS FOR CHANGE 

The Queensland Workplace Health and Safety 
Act imposes the primary responsibility for con¬ 
trolling and minimising risks on those who 
create the risks. On potential high risk sites, 
however, it is not enough for employers to 
prove to themselves that all is well. They must 
show that they have properly designed and 
soundly constructed plants, which are operated 
in a safe manner. 

Moreover, where the potential risks extend be¬ 
yond the boundaries of the site, it is proper that 
external control should be imposed. In particu¬ 
lar, there should be control over the location of 
potential major risk sites, and any development 
in their vicinity. This may be accomplished 
through either of the two major phases in land- 
use safety planning. These are the strategic 
planning phases, and the development assess¬ 
ment phase. 

The Strategic Plan 

The strategic plan is the document to which a 

proponent should look for information on 
where a plant may be suitable located. 7’hus it is 
appropriate for a strategic plan to incorporate 
‘risk performance standards', as guidelines 
within which an industrialist may design the 
plant operations. It is possible to convert risk 
assessment criteria to risk performance stan¬ 
dards. This may be done by imposing an iso¬ 
risk criterion along natural boundaries of sensi¬ 
tive land use, (see Figure 5). Where this is 
shown on a strategic planning map, we have 
called it an ‘iso-risk perimeter’. The intention of 
an iso-risk perimeter is to indicate the limits and 
extent of impact that would be tolerated by the 
community. 

Applying an iso-risk perimeter to a strategic 
plan should influence the development on both 
sides of the perimeter. On the one hand, it 
should protect sensitive land uses from expan¬ 
sion of the risks. On the other, it should protect 
an existing hazardous establishment from the 
encroachment of sensitive land uses into the 
‘hazard’ zone. In applying risk performance 
standards, however, it should be borne in mind 
that iso-risk perimeters do not define areas of 
absolute safety, as we define risk levels in 
terms of probability. 

The Development Assessment Process 

It is also possible to apply the ‘performance 
based’ approach to the assessment of a devel¬ 
opment application for a hazardous industry. 
From the assessment process of the ‘Australian 
Model Code for Residential Development', it is 
possible to define the following series of 
‘control elements’: 
• Land-use Safety Planning (the town 
planning consent permit): 

- site location 
- lot size and orientation 
- structural envelope within which to site 

the buildings 
- vehicle parking 
- streetscape and landscaping 
- road network 
- infrastructure provision and location 

• Licensed Premises (the licence): 
- building siting and design 
- process design 
- chronic environmental impact assessment 

(EIA) 
- hazard analysis and quantified risk as¬ 

sessment (QRA) 
- fire safety study 
- industry emergency plan (on-site and off¬ 

site impacts) 
- social impacts assessment 
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I he extent of the detail required in each control 
element varies according to the significance of 
the hazardous establishment’s impact on its sur¬ 
roundings. In merging risk management tech¬ 
niques with land-use safety planning, we must 
apply the ‘control elements’ with the following 
principles in mind. Establishment should be 
controlled according to their magnitude of risk. 
The proponent (developer) should classify the 
establishment, based on the mix and quantities 
of the hazardous substances used on site. 
Where a proposed site is deemed potentially 
moderate risk,, the development application 
may need the support of a preliminary risk 
assessment. 

Where we classify a proposed site as a potential 
major risk site, a four stage, seven part process 
is necessary for decision making, (see Figure 
6). Stage 1, the development application 
stage, requires the mandatory provision of a 
preliminary risk assessment. At stage 2, the 
design stage of the development, the 
proponent/occupier should provide ‘safety case’ 
studies. Prior to stage 3, the construc¬ 
tion stage of the development, a con¬ 
struction safety study should be submitted and 
approved. During stage 4, the operational 
stage, hazard audits should be a mandatory 
requirement for the plant’s continued operation. 

CONCLUDING THOUGHTS 

Regional economic development is pro-active, 
and as such aligns itself more with local strate¬ 
gic planning than with development application 
assessment. In particular, regional practitioners 
may find that, in future, public opinion is a 
greater constraint to the introduction of a poten¬ 
tial major risk establishment, than it is today. 
Land-use safety planning for hazardous indus¬ 
tries is important for the well-being of business 
enterprises and local communities. In terms of 
increasing employment opportunities, therefore, 
a knowledge of the development assessment 
process is important to the regional practitioner, 
particularly when asked to provide advice to 
potential proponents. 

In summation, however, it is not so much a 
matter of what is ‘safe’, but what the commu¬ 
nity accepts as safe. The community must be 
satisfied that the benefits they derive from haz¬ 
ardous industrial activities compensate them for 
the risks they tolerate. 
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