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1. INTRODUCTIQN =
i :
1.1, Beckground

In March 1980 the New South Wales Department of Environment and
Planning initiated an investigation into the risk to people
living in and around the Botany/Randwick industrial complex and
Port Botany from the combined impact of potentially hazardous
industrial and storage “installations, existing and proposed, in
that area. -

The investigation was initiated in response to the concern
expressed by community groups and by Randwick and Botany
Councils in relation to the intensification of such potentially
hazardous installations and processes in the area and their risk
implications on nearby residential land uses. In some cases,
opposition was also expressed to the continuation of operations
of existing installations.

The hazard issué was also identified by the Department of
Environment and Planning during the course of preparing the Draft
Sydney Regional Environmental Plan (Botany Bay) currently on
public exhjbition and through the environmental impact assessment
of relevant development applications, particularly in the Port
Botany area. The Department's concern is in relation to the
cumulative risk effect of industrial developments in the area and
the need for the formulation and implementation of technical and
land use planning criteria and guidelines related fo industrial
hazards accounting for such cumulative impact.

This report documents the outcome of the Department's
investigations; defines the issues involved; describes the
surveys, studies and analysis conducted to investigate those
issues; presents the results; and discusses their implications.
Specific recommendations are also presented in an sattempt to
mitigate existing identified impacts and hopefully resolve the
issues.

1.2 Study objectives

The main objectives of this assessment study are as follows:

to examine whether public safety, property or normal
community activity are at risk from industriel operations

in the study areg;

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

to outline broad options available to ensure satisfactory
public, property and community safety.



The study therefore attemptsto quantify and assess the degree of
risk which exists Lia the areas around the Botany/Randwick
industrial complex and at Port Botany.

g T e
This report emphasises the overall combined hazard impact from
all installations-- in the area and their resultant overall risk
levels on adjacent land uses, mainly residential.

It is important to dcknowledge the limitations associated
with a hazard study such as the one in hand. These are detailed
in the body of the report as applicable and include assumptions
on the nature and behaviour of various postulated hazardous
events and limitations in the quantification of the human
factor in safety assessment. Theoretically, the potential for
serious mishaps exists to various degrees. In practice, few such
mishaps occur worldwide.

It is because of such limitations that this report has accounted
for the probability {(credibility) of various hazardous accidents
occurring in pracétice, rather than relying entirely on
theoretical consequence estimations. Overall, the results of
this study represent a balanced discussion of the existing safety
situation in this area.



2. ' DESCRIRTION OF:THE STUDY ARFA

This %Qﬁon defines the area subject to this study and the
surrounding land uses (mostly residential) as the basis for
assessment, '

2.1 The study ares

Figure 1 indicates the general locality of the study area
within the Sydney Region. Figure 2 specifically delineates the
area subject to the current investigations and presents a
generalised land use map. '

The area can be broadly divided into:

(a) the industrial complex referred to as the Rendwick/Botany
industrial compflex and Port Botany; and

(b) land surroundir%{g the industriel complex, mainly residential
develop ments.

The total resident population (as at the 1981 census) within 1
kilometre of the boundary of the industrial area (see Figure 3)
was 8,000 with some 4,500 of these within 306 metres of the
complex.

2.2 The Botany/Randwick indusirial complex and Port Botany
(Figure 3)

The Botany/Randwick industrial complex and Port Botany occupy
an area of some 600 hectares, the largest area of industrial land
in the Sydney Region. Most of this land (500 hectares) is
located in the Municipality of Botany. The industrial complex is
one of the oldest established industrial areas in the State and
is being continuously encouraged to expand. Its role has been
strongly reinforced by the reclamation and development of Port
Botany.

The complex accommodates a relatively large number of industrial
installations and storage terminals, grouped adjacent to each
other and in many cases sharing the same boundaries. Table 1
lists all the companies surveyed within the study area. The
nature of industry currently operating in that area is mostly
that of chemical, petrochemical and petroleum products
(processing and storage). The ICI petrochemical complex is
one of the largest in Australia and major petroleum storage
terminals of State significance eare included. Industry in the

area is potentially hazardous in nature.

Table 2 lists the establishment dates of the major industries
in the area. The Table indicates that most potentially hazardous
installations have located and developed in the area in the early

to mid-1950s.
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It is noted that from a=statutory planning viewpoint, a
substantial prpportion:tof the industrial area and all of Port
Botany - are%covered by a s.101 Direction under the Environmental
Planning® and Asgs€ssment Act, 1979, This requires development
applications to be referred by Councils to the Department for the
Minister's determination.

2.3 BSurrounding land uses

Land uses surrounding the industrial complex and Port Botany to
within a general distance of 2 kilometres are mostly residential
(Figures 2 and 3).

2.3.1 Residential
(a) Rendwick

The surrounding residential zoning under the prescribed
environmental plannimg instrument, Randwick Planning Scheme,
gazetted in April 1978 is 2(al) and 2(a2) allowing single
dwellings on 325 square metre and 460 square metre lots
respectively. The residential zones are fully developed with
single dwellings and some semidetached cottages. The
residential areas to the north-west of Bunnerong Road contains
cottages ranging from pre-World War I weatherboard in the Harold
Street Australia Avenue area to 1930s brick cottage development.

Generally, the area is wellmaintained even in closest proximity
to major industry. The Shirley Crescent area to the east of
Bunnerong Road is a 1970s brick cottage development on the site
of an old market garden and is meticulously maintained.

Residential development to the west of the industrial complex
betwen Wassell Street and Maequarie Street is post-depression
housing built by the Unemployed Homes Trust. Residential
development south of Mecquarie Street to Little Bay Road is
mostly post-World War Il Housing Commission development. Houses
in both of these mreas are mostly brick with some high quality
brick infill development. The 2(a2) La Perouse residential
development conteins some cottages dating from the early 1900s
but is mostly post-World War II development. Much of the housing
fronting Yarra Road appears to be neglected and rundown. The
undeveloped 2(d) Crown land area adjacent to La Perouse publiec
school in Keroo Avenue (an unmeade roed) is low-lying and its
aspect towards the cemetery and the Total refinery is
unattractive.

{b) Botany

The Botany Industrial Area is approx1m&tely 473 hectares, the
largest area of industrial land in Sydney except for South
Sydney. Sumoundmg development to the north-east is all 2(a)
Residentisl in the prescribed environmental planning instrument,
Interim Development Order No. 19 gazetted in September 1977.



The 2(a) =zoning allows single dwellings on 500 square metre
ellotments although tHeére are many cottages erected on smalier
allotmepts that predate planning controls. The area is fully
developed with 1920s-30s brick, weatherboard, and fibro
cottages with some pockets of newer brick development.

The 2(a) zone in northern Hillsdale is developed with well-
maintained 1920s brick cottages. The large 2(el) area which
covers most of Hillsdale allows medium density development of 175
persons per hectare. This area is fully developed with three
floor walk-up flats with the exception of development fronting
the southern end of Rhodes Street which is single dwellings. A
small strip development of 2(b) zoning allowing a density of 125
persons per hectare lies east of Nilsen Street and is fully
developed with semi-detached town houses. A strip of 2(a) zoning
with a frontage to Denison Street opposite ICI contains old
cottages of various materials, many in disrepair. This area has
a very low amenity, being directly opposite a major petro-
chemical complex ahd on a major industrial artery carrying
container trucks and heavy vehicles, including dangerous goods
transportation.

2.3.2 OQther land uses

The study area includes a number of passive and active open space
areas, the most important of which are the Yarra Recreation
Reserve, Woonera Road Reserve and the Women's Athletic Field
(within 500 metres the Total oil refinery), Heffron Park (700
metres from ICI}), Muteh Park (200 metres from Total/B.P.
storage). The Hensley Athletic Field extensively used for active
sporting events, is located some 50 metres from ICI's

boundaries.

The La Perouse Public School is located some 500 metres from the
Total oil refinery processing units. Within 100 metres from the
boundaries of the industrial complex in the Botany Municipality,
Matraville Public School and Botany Public School are also

located.

2.4 Qther relevant information

Appendix C presents an outline of relevant statutory plarmi_ng
controls applicable to the study area while Appendix D fietal}s
the safety standards, codes and applicable N.S.W. legislations in
that regard.

Appendix E presents a description of the a?xisting physieal,
social and economic envircnment relevant to this assessment.
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5+ WETHODOLOGY AND Aﬁ&ESSMLNT-REINQIBLESZAESESﬁMEIﬂ
CRIERIA

3.1 Principksof assessment

Two options are available for the quantification and assessment
of hazard impaect.

In one option, the type of -hazardous events (e.g. fire,
explosion, release of toxic materials) and the causes and sources
of their occurrence (e.g.- vessel failure, pipeline fracture,
leaks) are identified and quantified in terms of their
consequences (heat radiation, explosion overpressure and/or
toxicity) using relatively well established techniques. The
consequences of these hazardous events are then related to the
number of people that would be injured or killed and/or the
numbers of plants and buildings that would be damaged and the
extent of damage. :

This method of assessment %mphasises the consequences of mishaps
associated with the presence of potentially hazardous processes
and materials with little acknowledgment being given to the
various safety controls available to limit the probability of a
hazardous event occurring in practice.

The second option for assessment consists of accounting for the
design, operational and organisational safety controls
implemented at various installations by assigning probability
factors to each potential mishap. These probability factors are
related to the consequences of each mishap as eapplicable and the
results presented in probabilistic terms for fatality or injury
to people and/or damage to buildings and plants. An application
of this approach is found in the Canvey Island Study conducted by
the U.K. Health and Safety Executive.

The Department's principles of risk assessment adopted for this
study are based on a combination of both options outlined above.
The assessment is based on the notion that risk is inevitable and
cannot be totally eliminated, particulariy in & heavy
industrial ares such as the Botany/Rendwick industrial
complex, but that there is a need to limit the probabilities of
impacts from "eredible" mishaps to technically and economically
practicable levels accounting for the nature of surrounding
landuses.

The Department's assessment assigns probability factors to
various possible mishaps in recognition that safety controls must
play a role in hazard assessment, The assessment is not however
solely based on probability estimations but also on consequences
which are given high consideration for major potential mishaps
particularly as they affect residential areas. The assessment
criteria in that regard sre based on the need to control the
causes and sources of incidents with large consequences to an
almost negligible likelihood of -occurrence.
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3.2 Methodology of assessiuent
# :3
The %I"O‘(‘_!;fdlireb adopted for assessing hazard impact in this study
basicé#lly involes:
(i) hazard identification;

(ii) hazard analysis (consequences and probabilities
estimations); and

(iii) risk evaluation-and assessment.

These are outlined below,

3.2.1 Hazard identification

This is the first step in any risk assessment and involves the
definition of all theoretically possible hazardous materials,
processes and incig_ents as the basis for further quantification
and analysis. t also indicates the possible causes of
initiating hazardous events and possible impacts associated with
such events.

It must be noted, however, that hazard identification does not in
any way imply that the hazard identified or its theoretically
possible impact will occur in practice. Rather, it pinpoints the
type and nature of hazards to be further evaluated in order to
quantify resultant risks.

In order to identify the type of hazards applicable to this area,
a survey was undertaken of more than 50 industrial
installations. Information sought by the survey included the
type, nature and quantities of materials handled, processed and
stored, the nature of operations, the type of vessels and the
safety controls (design, operational and organisational)
implemented at each installation. Section 4 of this report
deals with that matter. '

3.2.2 Hazard analysis
(i) Consequence estimations

This includes the analysis and quantification of the type and
magnitude of various potential mishaps associated with the area.
They mainly include fire, explosion and the release of toxie
material and their potential to injure or kill people and/or

damage properties.

Appendix F presents the methods and techniques adopted for: the
quantification of heat radiation associated with fires; explosion
overpressures associated with explosions, specifically unconfined
vapour cloud explosions; and toxicity levels resulting from the
release of toxic materials both directly end indirectly.



= B =
Figures 4(a) to 4(f) inclusive. should also be consulted in that
regard. i ES

(i) ProbeBllity estimations

The likelihood of mishaps quantified in (i) above were determined
by adopting probability factors derived by reference to similar
operating installations elsewhere, from worldwide published data
and from the results of detailed risk analysis studies undertaken
both in the local area and in some overseas countries.

Table 3 presents the failure rate probabilities adopted in this
assessment together with relevant assumptions. It is noted that,
while some factors are more reliable than others, the general
approach adopted in this assessment is of a comparative nature
rather than entirely relying on absolute values. For example, it
was assumed that a pump/pipe system has & higher probability of
failure than a complete storage tank failure given the nature of
operations and available@controls.

In addition, a thorough examination of each installation in the
study area and its associated design, organisational and
operational safety controls was undertaken. This examination
assisted in the determination of applicable probability factors.

The failure rates adopted for this study (see Table 3) are
generally based on good engineering operation and safety
practices and account for safety requirements of the relevant
standards. Individual companies would have to demonstrate
through detailed hazard and operability studies that
significantly better failure probabilities could be achieved.

3.2.3 Risk evaluation and assessment

The consequences and probabilities of postulated hazardous events
were combined cumulatively, using a hazard computer model based
on the methods discussed in Appendix F, to estimate risk
contours at various distances from each installation.

The risk contours are presented in terms of:

the probability (or chance} that any person would be fatally
affected, i.e, the risk of fatality per person per year;

the probability of exceeding a certain heat flux at various
distances from the plant;

- the probability of exceeding a certain explosion
overpressure at various distances from the plant;

the probability of exceeding a certain toxic gas
concentration at various distances from the plant,



Consideration was glso given to the possibility of the "domino"
effect occcyrring bgtween adjacent plants. Risk contours were
elso cumulatively combined to produce overall risk levels for the
whol® of the.study area.
k

The risk contours estimated as per the ebove were then analysed
and assessed in terms of the criteria discussed in Section 3.3
following.

3.3 Assessment critefia

Appendix .G presents an overall discussion on the question of
criteria for risk assessment and of risk acceptability with
relevant limitations.

An assessment of public safety relies heavily on public
perception of what is an acceptable risk level. In order to gain
some insight into risk perception by the local population in the
study area, a rigk perception survey was conducted through
household interviews by random sampling. The results of this
survey are available in & separate document te this report and
have been used as a guide to this assessment.

3.3.1 Fatality risks

People in general are willing to voluntarily take great
individual risks by, for example, smoking, driving, or private
aviation. On the other hand society is offering growing
resistance to risks imposed involuntarily on one group of people
for the benefit of others such as by the presence of hazardous
industries close to neighbourhoods, or the transport of dangerous
substances.

One approach to formulating a criterion for determining the
fatality risk acceptable for people is to ensure that the risks
imposed by a hazardous industry are well beiow all known
voluntary and involuntary day-to-day risks. Statistical
considerations (see Table Gl) indicate that a fatality risk level
of less then one chance in a million per person per year can be
taken as a guide for assessment purposes subject to further
refinement., It is noted that this level has been applied as only
one component of total risk evaluation. Risk of injury (but not
fatality) to people and damage to property was also accounted

for.

The level of less than one in a million per person per year is
considered applicable to residentiel areas where people are
normally present for extended durations. For other land uses
such as open space, commercial and publie roads, the chance of
any one member of the public being present during the mishap is
lower than for those living in of a residential area. On that
basis, the following assessment criteria are suggested.
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Land yse Fatality Risk Criteria per
* i million per person per year

Residential Up to 1
Oben space

- Passive _ Up to 10

= Active Up to 5
Commercial Up to 35
Publie roads ~ Up to 20
Industrial Up to 50 (per employee)
3.3.2 Heat flux and explosion overpressure

i

Tables 4 and 5 indicate the effect of various levels of
resultant heat radiation and explosion overpressure on people,
buildings, plant and equipment as applicable. The tables have
been compiled by reference to a number of research data and
published information.

In formulating the relevant assessment criteria, the important
consequence levels indicated in these tables were not allowed to
occur at significant probability levels. On that basis, the
following criteria are suggested (the criteria apply to this
particular assessment and do not in any way imply uniform
criteria for risk acceptability):

(i) Incident heat flux radiation and explosion overpressure
(as applicable) at residential areas should not exceed 4.7
kW/m2 and/or TkPa at frequencies of more than 50 chances
in a million per year.

(ii) Incident heat flux radiation and explosion overpressure
(as applicable) at residential areas should not exceed
12.6 kW/m2 and/or 14 kPa at frequencies of more than 10
chances in a million per year.

(iii) Incident heat flux radiation and explosion overpressure
(as applicable) at neighbouring potentially hazardous
installations should not exceed 23kW/m2 and/or 14 kPa at
maximum frequencies of 50 in a million per year; and

(iv) whenever applicable, in-plant accident propagation
potential estimated in terms of 25 kW/m2 and/or 35 kPa

should not exceed 50 in a million per year.

The basis for the criterie outlined above is provided in Appendix
G. :
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3.3.3 Toxieity ..
.“{;.

Toxic gaseé are generally hazardous from a personal rather than a
property damege viewpoint. Depending on the concentration, the
nature of the material and the periods and mode of exposure
(i.e.via the respiratory tract, lungs, skin or ingestion), the
effects vary from {fatality, injury (e.g. damage to lungs and
respiratory system, damage to the nervous system, emphysems,
etc.) to irritation of eyes, throat or skin and nuisance. These
effects are generally classified as acute, chronic or delayed.

Available assessment criteria for toxicity ;inelude LCjp
(defined as the toxic concentration at which half of the exposed
population would be fatally affected), TLV (defined as the
continuous level of exposure to which a worker inside a plant
exposed throughout his working life) or relevant ambient air
quality standards and goals adopted by State, National or
International organisations,
£

These criteria %ere found not to be applicable for this
assessment in view of the following facts:

(i) Toxic concentrations which can cause fatality to any
member of the general public { LCsg principle) are not
acceptable in this assessment.

(ii) TLV and ambient air quality standards and goals are more
applicable to continuous levels of exposure (long duration
with an inbuilt safety margin). In the context of this
study, it is more appropriate to formulate a eriterion for
a relatively short exposure time (up to one hour) since it
is likely that emergency and remedial action would be
taken within that time.

The implications of the above statements are that:

(i) Each toxiec chemical should be considered on its own merit
from a toxicology point of view.

(ii) The assessment criteria should be directed towards
limiting the probability of exposure to short time
duration within injury and irritation limits. The
eriteria should account for low probabilities of injuries
and relatively higher probabilities of irritation or
nuisance where emergency action should be taken.
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Table 6 indicates the effects of different concentrations of
toxic gases as published by Lees™(1980), Sax (1979) and others.
Based on the pringiples discussed in this Section the following
criteria havg been adgpted for assessment purposes:-

(i) Toxic gas concentrations should not exceed a level which
would be injurious to any member of the community for a
relatively short period of exposure ( up to one hour) at
a maximum frequency.of 10 in a million per year;

(ii) Toxic gas concentrations should not cause irritation to
eyes or throat, coughing or other acute physiological
responses over a maximum frequency of 50 in a million per
year to any member of the general public.

drwl" .
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4. HAZARD IDENTIRICATION

;™ M

As._prgviogsl’y indicated (Section 3), identification of hazards is
the{ir8t step in any risk assessment and involves the definition
of. all "theoretically"” possible hazardous materials, processes
and incidents ‘as the basis for further quantification and
analysis. It also indicates the possible causes of initiating

hazardous events and possible impacts.

L

For example, if a storage terminal contains vessels and drums of
flammable liquid, such 'as petrol, then one of the theoretical
hazards must be fire. Similarly, if & plant processes and stores
large quantities of liquefied flammable gases then a vapour cloud
explosion must be at least a theoretical possibility. An
assessment of the safety controls and of the likelihood and
consequences of these types of hazards must however be further
undertaken to determine whether they impose a high risk level to
people and property.

Identification of “hazerds was basically carried out by carefully
examining the materials and processes used in the study area and
by review of the local and worldwide history of incidents in
similar facilities. This drew attention to types of events which
could, perhaps occur.

4.1 Hazard audit survey
A hazard audit survey was undertaken in order to:

comprehensively examine the nature, type and quantities of
materials handled, stored and processed within the

industrial complex;

. obtain general information on applicable safety controls and
practices adopted by industry in this area; and

obtain an appreciation of past hazardous incidents in the
area, their causes and resultant impacts.

This survey was in the form of a questionnaire (a sample
questionnaire form is included as Appendix L) sent to some 50
companies in the area requesting their response as to:

type of toxic substances in storage or process exceeding 2
tonnes:

type of highly reactive substances in storage or process
exceeding given quantities which range from 1 tonne for
ethylene oxide to 500 tonnes for sodium chlerate and

emmonium nitrate;

type of flammable gases in storage or process exceeding 2
tonnes;
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type of liquified flammable gases (e.g. L.P.G., ethylene) in
storage or procgss exceeding 20 tonnes;

typé of\‘?lé‘fi'imable' liguids in storage or process exceeding
10,000 tonnes;

" total quantities of any of the above materials, in storage
or in process on the site;

description of the nature of manufacturing or storage
activities on the site and specific information related to
the process, number of vessels, number, diameter and length
of transfer pipelines, pumps, etec.;

. overall layout of the facility and locations of hazardous
meterials and processes;

specific information on operational and organisational
safety controls, e.g.iemergency isolation valves, safety
procedures and emergency plans, qualification and experience
of safety personnel, ete.; and

history and causes of any mishap at the plant and resultant
impact.

In addition, relevant information was compiled from records kept
by the Dangercus Goods Branch in order to supplement companies’
responses. Such information was particularly useful for
assessing those c¢ompanies who did not respond to the
guestionnaire.

The cut-off quantities adopted for the survey were largely based
on the requirements of the U.K. Health and Safety
Executive (H.S.E.) as stated in their first and second reporis on
Meajor Hazards. However, in several cases, lower quantities than
those specified by H.S.E., were adopted, in order toc saccount
for the relatively high concentration of industry present in the
local area,

Table 7 indicates the levels selected by the Department as the
basis for assessment. The corresponding quantities recommended
by H.S.E. are also presented in this table for comparison.

Generalised layouts of most installations surveyed are presented
in Figures 5(a) to 5(v).

4.2 Jdentification of major hazards in the study area
4.2.1 Type and quantitites of hazardous materials identified

From the resultis of the survey, the nature of the hazardous
materiels being handled, processed, stored or transferred in the
Botany/Randwiek industrial complex and at Port Botany can be
broadly classified as:
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flammable and.acomb,ustlble liquids, including petroleum and
petroghemlcal» related raw materials and products used at
refinéries, chemical and petrochemical processing plants,
bié‘ndmgwfaclhtles and in distribution terminals;

liquified - flammable gases mainly propane, butane and
ethylene, in storage and process;

. flammable gases in-minor quantities, mainly in process;

toxiec materials, mainly chiorine, acrylonitrile, anhydrous
ammonia, pesticides, vinyl chlorides, etc. in storage;

reactive substances mainly organic peroxides and oxides of
ethylene and propylene in storage and process;

combustible solids mﬁinly papers, cardboard, etec,, at
warehouses, container terminals and freight depots.

Table 8 presents estimated quantities of each hazardous material
per company surveyed, and indicates that the whole study area
accommodates some 432,395 tonnes of flammable liquids, mainly
petroleum products in -storage, 28,365 tonnes of liquefied
flammable gases, 21,870 tonnes of toxic material and 290 tonnes
of highly reactive substances. Major potentially hazardous
plants that accommodate the largest inventory include the ICI
Botany plant storage terminals, the Total oil refinery and bulk
storage facilities in the Port area.

4.2.2 Types of hazardous incidents identified

The nature and quantities of hazardous material identified in the
study area, in storage, transfer or process could, theoretically,
result in a number of hazardous events as indicated in Table 9.
Table 10 further identifies the possible hazardous consequences
of incidents which could be associated with each installation
being surveyed. These generally include:

(i) fires from storage and processing units mainly handling or
storing flammable liquids and gases;

(ii) in the case of major L.P.G. storage/processing units,
fireballs and explosions including (Boiling Liquid
Expanding Vapour Explosicn);

(iii) explos:ons including unconfined vapour cloud explosions
from loss of containment of liquified flammable gases in
storage and processing;

(iv) release of toxic gases upon loss of containment;

(v) release of toxic fumes generated from fires engulfing
toxic material;
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(vi) genereal fires from containers, warehouses, small-medium
industrial operations;

(vii) fires® ahd possible explosions from transportation
accidents;

(viii) pipeline hazards including fires and explosions.

From such an investigation, the type of hazards specifically
identified for analysis are fires, explosions and release of
toxic material.

4.2.3 Jnitiating events and resultant consequences

Part of the hazard identification investigation includes an
examination of the possible initiating events which could lead to
hazardous incidents and their possible implications. This is
carried out in order to determine which events and incidents
should be considered in detail and to highlight the contributing
causes of such incidents and where controls are to be maximised.

Figures 6(a) and 6(b) present examples of such investigations
which were undertaken for each installation in the complex (in
generalised forms). For example, in Figure 6(a) it is indicated
that the main contributing causes for a transfer pipeline failure
in the Port area could include corrosion 'or' third party damage
'‘or' abnormal pressure/temperature effects in the line, ete.,
which could result in loss of containment 'and' in the presence
of a source of ignition would lead to a fire and/or explosion.

The following hazard identification word diagram is the result of
such initial investigation.
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TYP.\% er FACILITY POSSIBLE INITIATING

T

EVENTS

POSSIBLE RESULTS &
COMMENTS

*Flammable liquids
(e.g. oils,

petrol, etec.)
Storage

e

Rupture of tank roof
(or failure of
floating roof system)
followed by ignition

Leak into bund -
followed by ignition
in bund.

Fire of entire tank
roof surface.
Unless cooling is
applied to adjacent
tanks, potential for
fire to spread to
them if very close.
(rare event)

Large bund fire.
Very rare event.
Because of large
surface area, the
height of the flame
is greater than for
a tank fire, so
radius of effect on
surroundings would
be greater.

*Flamm able liquid
processing

Leak from process
vessels or piping,
followed by ignition.

Fire

Such a fire may be
very damaging to the
plant involved and,
if interplant

spacing is inadequate
may spread to
neighbouring plant.
However, the radius
of damage to
surroundings is
usually very

limited.

Blast and vapour
cloud explosion.
Only possible if the
flammable ligquid is
processed at a
temperature
significantly above
its normal point.
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TYPE OF FACILITY

=
- =
&

POSSIBLE INITIATING

- EVENTS

POSSIBLE RESULTS &
COMMENTS

*Flammable Liquids

Transportation

- Tanker loading
bays

- Roead transport

- Drum stores
containing
flammable
liquids, ete.

Tanker ‘driving off
while still coupled,
or other leak,
followed by ignition.

Vehicle collision or
other cause resulting

in a leak, followed
by ignition.

1

Leak and ignition.

Fire engulfing intact
drums.

Fire.
Mostly local effect
on loading bay.

Fire.

The area of effect
of the fire is
largely determined
by where the liquid
drains to, and the
time taken till fire
fighting can start.

Fire.
Local effect mostly.

Drums bursting,
sheets of fiame of
short duration.
Possibly drums
rocketing. Can
place immediately
adjacent property
at risk.

*Liquified
flammable gas

- Pressurised
storage

Leak, igniting
promptly.

Fire (e.g., from leak)
heating and weakening
containment vessel
until it ruptures and
contents escape and
ignite almost
instantaneously.

Fire.

Potential to cause
blast, otherwise of
local effect.

Blast (fireball).
Radius of serious
effect up to hundreds
of metres.
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TYPE "©F“FACILIY POSSIBLE INITIATING POSSIBLE RESULTS &
EVENTS COMMENTS
Leak, mixing with air Vepour cloud
before delayed explosion (only if
ignition. vapour cloud before)
or flash fire.
Radius of blast
damage can be very
large with severe
damage up to
hundreds of metres.
Main demeage confined
i to area covered by
= cloud at time of
ignition.
- Refrigerated Leak from plant Fire.
storage at pipework, If suitably
atmospheric designed, such
pressure. leaks should be
small and quickly
isolated.
Release of vapour Fire,
from relief valves,
followed by ignition.
Overpressure in tank Large fire confined
or underpressure in to area of tank.
tank followed by
rupture of tank roof.
Tank liquid leak to Large fire.
the surrounding area. Extremely unlikely
because of secondary
containment.
- Processing Leak followed by Fire or blast or
Plant ignition. vapour cloud

explosion or Plant
fire.

As for liquified
flammable gas
pressurised storage,
with the following
differences:

lower potential
consequences as in-
ventories in process
are generally less
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TYPE OF FACILITY POSSIBLE INITIATING
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o

EVENTS

POSSIBLE RESULTS &
COMMENTS

and higher potential
likelihood owing to
the exirs complexity
of pipework and so
opportunity for
mechanical damage
and/or failure lead-
ing to leaks.

*Toxic gas
manufacture
or storage

iLeak.

g

Toxie gas cloud.
Significant invent-
ories of toxic gases
are normaeally pro-
tected to prevent
leaks and to enable
repid isolation.

*Storage or
processing of
materials with
toxie ecombustion
products,

If enguifed in fire,

would result in smoke
containing toxic com-

bustion products.

Toxic effeects,

*Highly reactive
materials -
processing or
Storage.

Process or storage

conditions deviating

from standard, with

the result of reaction

run—away or decomp-

osition.

Fire and explosion ~
toxic fumes.
Dependent on the
nature of the highly
reactive material,

Most of the
guantities processed
gt any time are
sufficiently small
to ensure that the
effect of reaction
run-away would be
mostly iceal.

*Flammable powder Ignition of dust-

processing

filled air.

Dust explosicn.
Mostly localised to
the dust-filled
buildings or plant.
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TYPE\%OEWFACILITY POSSIBLE INITIATING

e

EVENTS

{

POSSIBLE RESULTS &
COMMENTS

T
> [

*Transfer pipelines

- Liquified
flammable gas.

- Flammable
liquid

Leak, mostly due to
ofie of the following
causes :

- mechanical damage
due to asccidental
excavation, soil
subsidence.

- Corrosion

‘followed by ignition

Leak, due to causes
such as above,
followed by ignition

Fire.

Flash fire.

Vapour cloud
explosion.

The effect of any
incident depends on
the diameter and
process conditions
in the pipeline, the
speed of lesk
detection and
isolation and the
delay before any
ignition.

Fire.

The extent of the
effect of any such
incident depends on
factors listed above,
plus the area covered
by the leaked mater-
ial when ignited.

*Port operations
involving
flammable
liguids or
liquified
flammable gas.

Ship collision with
other ship or fixed
object, rupture of
tanks, leakage,
ignition.

Shipboard pipewecrk
or plant leakage,
and fire.

Wharf{ incident -
leak from loading/
unloading line

Fire, possibly
explosion.

Fire, possibly
explosion.

Fire, possibly
explosion.

The nature and
severity of the
result depends on
the nature of the
material leaking
and the delay
before ignition.
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As part of the overall survey of hezards within the study area,
companies Weré reqWested to supply details of any hazardous
incidents whiech had occurred on their premises. Responses to
this question were generally poor or vague.

A number of government departments were also approached with a
view to collecting addditional information in that regard.
Communications with the Police Department, the Board of Fire
Commissioners and the Dangerous Goods Branch clearly indicated
that there is no centralised mechanism for recording past
incidents ‘or mishaps which could have provided valuable
information for this study. Indeed, retrieval of information on
past mishaps in the area was most difficult and in many cases
information was not available. Total oil refineries, for
example, indicated that in 30 years of operation some 20
incidents had occurred involving fire and/or explosion in which
on one occasion (in 195f) three operators were killed. The
company reported that on each occasion the local fire brigade
attended yet the Board of Fire Commissioners could only report
"one incident at the refinery.

Figure 31 documents the type of incidents that have occurred in
the area over the past thirty years, as generally reported by the
companies and relevant authorities. The nature of incidents
experienced can be broadly classified as general leakages, fires,
explosions and release of toxic geses or fumes. No fatality or
injury to any member of the publie outside plant boundaries have
been reporied, aithough some operators have been killed and
injured. It is estimated that some 40 to 50 mishaps have
occurred over the past 30 years. No records could be found as to
emergency/evacuation procedures adopted nor of remedial action
implemented to avoid recurrence. It is however estimated that
most incidents were of limited scale and impasact,

Table H-1 in Appendix H presents a listing of past incidents
in the area by installation, as reported. No verification of such
incidents could be comprehensively undertaken.

More recently, a series of mishaps in the erea occurred on a
frequent basis. A general summary of these incidents is
tabulated in Table (13}.

4.4 Preliminary consequence analysis

The main types of hazards identified in the previous sect'iqn,
namely fires, explosions and toxic gas releases, were quant:f_led
in terms of their consequences in order to pinpoint
those incidents which should be considered in more detail and to
formulate the basis of a detailed hazard analysis as applicable.



The methods adoptg&i— for.consequence analysis are those outlined
in Appendi§. F s
The testits are indicated in Tables 11(a) to 11{(e) inclusive. It
is emphasised that these results dec not account for the
credibility nor- the likelihood of occurrence and are based on
specific situations considered in isolation. No cumulative risk
impact is considered at this stage.

The implications of tlie results are:

" Isolated tank fires at the Port Botany areas would not affect
" any residential areas although adequate fire water would be
essential to prevent escalation of incidents.

. Isolated tank fires in some storage terminals at the
industrial complex, namely the H.C. Sleigh and AMOCO
terminals could affect adjacent residential properties. In
the case ot the BP and Total distribution storage
terminals it is theoretically possible for accident
escalation to occur between those terminsals should fire
water not be effective.

. Unconfined vapour cloud explosion and release of explosive
vapour clouds from the Port Botany ares and/or the
industrial complex could under certain circumstances
affect residential areas.

; Fireball mishaps from LP gas storage at the Fort should not
affect residential areas.

. There is a need to limit releases of toxic material and
related vapours from the study erea in order to prevent the
potential for significant toxie effects in residential
areas.

The most important implication of the results indicated in Tables
11(a) to 11(e) relate to the requirements of safety standards and
codes which are also shown in these tables. It is evident that
such requirements are not adequate to prevent the consequences of
mishaps affecting residential land uses, In addition these
requirements do not account for cumulative risk impacts. The
results cleerly indicate the need for s formel systematic method
of quantification and analysis rather than entirely relying on
those standard requirements, This is particularly the case for
liqguefied flammable gas installations such as liquefied petroleum

gas (L.P.G.).
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5. RBUBE_QUANTIFICATION= ANALYSIS OF HRESULTS AND
s gqumSM Em i

5.1 Resiltsand efiaivsis for individual installations

The methodology of assessment detailed in Seetion (3) and
Appendix {8} was applied for eech instaliation in the study ares
using the dats as identified in Section (4).

The results in terms of risk contour lines are presented in
Figures (7) to (29) inclusive. The following section presenis
an analysis of those results. !

5.1.1 Resultani fetelity, fire and explosion risk levels
Qil sforage ferminals

The main type of hazerd from petroleum product storage terminals
as identified in Sectiop (4) of this report is fire. Sources of
such hazerds include storage tank failure, transfer pumps and
pipe leakages, Iloeding facilities and in extreme cases bund
fires.

While it is possible for these f{acilities te experience minor
deflagrations within their boundaries, explosions as such are not
considered credible.

(i) Caltex Qil {Australia) Pty Lid (Figures 7(a) - 7(b})

This is a wmaeajor petroleum producis storage and distribution
terminal of State significance. The terminal accommodates some
29 storege tanks of total capacity in excess of 39,000 tonnes,
with essociated transfer pumps and pipes and loading facilities
for road tankers.

Figure 7(b) indicates that [{fatslity risk levels of 10 in &
million per person per year extend beyond the terminal boundaries
exposing Botany Road, but not residential areas. Fatality risk
ievels in residential sreas from this terminal in isolation are
negligible (well below 0.1 per million per person per year).
Significant probabilities (in excess of 10 in a million per year}
of 12.6 kW/m2 and 4.7 wW/mZ hest flux cover sections of
Botany Road, Beauchamp Road and Foreshore Road (see Figure 7a).
Pert of the A.P.M. land {which ig currently vacent) and Fibres
Pty Lid are also exposed to such heat radiations.

The impaet of the heat radietion on Beauchamp/Foreshore Road
would be exacerbated by the fact that the roadway is at
approximately the same height as the tanks within the terminal.

Residential aereas sre not bowever affeeted by any heat radiation
2l

b2 § L £
impact from this terminal {less than 4.7 kW/m2),
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The relative contributions_to total risk within the terminal are
as follows: . ' -

f - —F
“Ro#d tanker loading facility 95.5% of total risk
(7.00a.m. to 3p.m. shift 38.2%)
(3.00p.m. .to! midnight shift 57.3%)

g Rail tanker loading facility 3.0% of total risk
: Drum fill warehouse ; _ 1.5% of total risk
g Storage area h Negligible

. Total : 100%

Risk levels within the terminal's boundaries are excessive.

Qutside the terminﬁil's boundaries the main contributicn to total
risk is from storage tank fires.

(ii)  Esso Pty Itd (Figures 8(a) - 8(b)}

The Esso petroleum products storage terminal is located to the
west of the main Sydenham-Botany rail line. Adjscent companies
include the ICI plant, Laporte Chemicals, A.C. Hatrick, Metal
Recyeclers and Johnson & Johnson. The company stores
approximately 25,000 tonnes of flammable liquids in 8 main tanks
(some 19 small tanks are also used in transfer/blending
operations).

Figure 8(b) indicates that fatality risk levels in excess of 10
in a million per person per year would be mainly contained within
the terminal's boundaries except for the southern area which
impacts on part of the ICI land (currently vacant). = Fatality
risk levels at residential areas from this terminal in isolation
are however well below 0.1 per person per year considered as
negligible.

Significant probabilities of heat flux of 12.6 kW/m2 and 4.7
kW/m2 potentially covers the whole site and extends into part
of the ICL., A.C. Hatrick and Johnson & Johnson land. No heat
impaet at the relevant assessment criterion would occur at
residential areas as the result of fires at this terminal.

(iii) BP Australia Pty Itd (Figures 9(a} - 9(b))

The BP petroleum products storage terminal's frontage is slong
both Baker and Moore Streets to the north of the Botany/Randwick
industrial complex. Adjacent companies include the Total
distribution terminsl, ICI, Liguid Air, Ready Mix Concrete and

Davis Gelstine.



]
e
o

&

This terminal sccommodates § peiroleum producis storage tanks

=

with 8 total capascity of some 16,082 tonnes of flammable liquids.

As indic@ted in Rigure 9{b}, {atelity risk levels in excess of
10 in & million sxtend inte the northern par{ of the I plant
and the adjscent Totsl distribution terminal. Levels of 1-10 in
a million further cover the Heady Mix and Liguid Alr facilities,
Bowever, no residentisl or epen space arees are affected
(fatality risk levels at residentinl mress from this terminal are
well below 8.3 in a miliion per person per year considered
negligible }.

Significsnt probabilities of heat flux of 12.6 kW/m? cover the
whole site and extend welil into the neighbouring Total feeility,
ICI, Readymix and Liquid Air.

The heat {lux impact would nclt extend into residential or open
space areas (levels are below 4.7 kW/m2 at the 50 in a million
per year level}, i

{iv)  Total distribution terminel {Figures 10{a) - 10(b)}

The Toisl petrclesum producis storage end distributlion ferminal is
similar tc the adjacent BP terminzl with 8 storage tenks {and 2
slop tanks) containing in excess of 35,000 tonnes of fuels,

Of the adjacent industrigl {acilities, BP, ACl, Continental
Distillieries, Liguid Air, Davis Gelatine and ICI would
experience relatively high fatelity risk levels being in excess
of 10 in a million per year {refer Section 3.3.1).

Due to the loeation and the number of tanks, the ares of fire
potential impsaset extends closer to residential areas.
Frequencies of 1 in a thousand for 4.7 kW/mZ heet flux ({in
excess of residential areas heat fiux eriteria) extend almost
from Denizon Streei to the west and well inte Wentworth Avenue to
the nmorth.

Heat fluz st residentisl ares: frem this {erminal in isclation i3
however limited to 2.1 k®W/m2, Heet flux levels well in excess
of 50 in a millien per year {12.6 kW/m? and 23 kW/m2}
affect neighbouring BP and pert of the ICI plant.

{v} .G, Sleish (previously Colden Fiesre, now Caltex)
{Figures 11{al) -~ 311{b}}

a fuel storsge and distribution terminal which
00 tonnes of fuel in 15 tenks with 19 smell tanks
1

£
1 greases for blending and storage.
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Crest Chemicels and I_(fI are immediately adjacent to the
terminal. | A nuf‘rﬁ)er of residences (including flat and unit
dwellings) Fare loc%ied across the road from the terminal along
Beauwchamp Rgad.

i

Figure 11(b) .indicates that fatality risk levels in excess of 1
in a million per person per year and in some cases exceeding 10
in a million extend well into the residential areas of Denison
Street, Grace Campbell Crescent, Rhodes Street, Flack Avenue and
Well Street. These-areas are considered to be significantly at
risk from the terminal.

Significant probabilities of 12.6 kW/m2 heat flux unacceptable
for residential areas further extend into residential areass on
Grace Campbell Crescent and Beauchamp Road including a number of
flat and unit dwellings. Beauchamp Road, from Denison Street to
Flack Avenue, is particularly exposed to excessive heat radiation
and fatality risks. To the east, the 4.7 kW/m2 heat flux could
be experienced ifyond residential areas on Jennings Street.
Overall residenti areas are significantly at risk from this
terminal. The main reason is largely the terminal's proximity to
residential areas.

The ICI plant to the westwould experience only minor risks and
relatively lower heat impingement from fire incidents at the
terminal. However adjacent installations at risk include Crest
Chemical Co. and other light industrial firms to the east of the
terminal. Crest Chemical is the installation most at risk

(vi) Amogo Pty Itd (Figures 12{a) - 12(b})

The Amoco fuel storage terminal is surrounded by industrial,
residential and recreational areas. To the east lies Sea
Containers Pty Ltd and Laporte Chemicals, to the west
residential areas and a primary school, to the north Metal
Recyclers, Cubico and residential developments, and to the south
the Botany Councils depot and & number of small industries.

Eight storage tanks (and one slop tank) accommodate some 27,000
tonnes of fuel on site for distribution to service stations.

Figure 12(b) indicates that resultant fatality risk levels in
excess of 1 in & million per person per year, and in some areas
above 10 in & million per person per year, extend well into
residential areas and the public school to the west of the site.

In addition, significant probabilities of 12.6 kW/m?2 and 4.7
kW/m2 heat flux (exceeding the essessment criteria of 50 in a
million per year) expose the surrounding residential and
industrial facilities. The local topography to the west of the
terminal exacerbates people's exposure to heat radiation from the

site.



Adjacent facilities consideredsat risk from this terminal in
iscietion (see Figure 12(B) include Botany Council's depot, Sea
Containers and Cubico.
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Popi Botany
{i) ﬁneg_mﬁnmmmmmmmm
Sil (Fi 30a) - 13(b1)

P.D. Qil ecurrently operates 61 flammable liquid storage tanks
varying in size and accommodating up to 30,000 tonnes of a wide
range of flammable liquids including potentially toxic material.

The terminal is located =along Friendship Road on the north
ecastern section of the port and is surrcunded by the C.T.A.L.
conteiner termin2l to the north, the Womeai Reserve toc the east
and land leased by Boral for its proposed L.P.G. terminal to the
south west, further to the south west are the IL.C.I. &and
Terminals sites. A proposed fully mounded 1,400 tonne L.P.G.
storage and distribution terminal on the site is currently
pending planning consent considerations end was the subject of a
detailed Environmentsl! Impact Assessment Report published in
January 1983,

The following results apply to the P.D. Cil bulk liguid storage
part of the site:

= Fatality risk levels from P.D. Oil operations (in isolation)
in residentizl areas are well below the levels of 0.1 chance
in & million per person per year, implying a negligible
fatality risk level.

& Heat radiation zones (Figure 13(2}) from P.D. Oil in
isclation do not resch residential down to the low levels of
4.7 kW/m?2,

i Heat radiation levels of 23 kW/m2 at 50 in a2 million are

contained within site boundaries.

Friendship Road is exposed to significant heat rediation
levels for publie road classification,

The results applicable to the proposed L.P.G. storage
installation (fully mounded) are as follows:

Figupe (13{(e}} indicates that no residential areas are
exposed to fatslity risk levels in excess of 0.1 chance in a
million per person per yesr. Although residential areas are
not affected, the probability of fatality to any member of
the public along Friendship Road is in excess of 10 chances
in & million per person per year.
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. Figure (13(d)) presenfs the frequencies of exceeding heat
c_:riterionsP of 4.T°kW/m?2 and explosion overpressure of TkPe
(k psi). As shown in this figure these frequencies are less
than 10-50 per mjillion per year, judged as ecceptable for
residential land-use purposes.

4 The frequency of exceeding a heat criterion of 23 kW/m2
and 14 kPa is particularly relevant for risk impact at
adjacent facilities- At the level of 50 chances in a
million, relevant contours are contained within the proposed
site boundaries. No adjacent facilities are considered at
risk from this proposed termineal. '

It is noted that part of-the C.T.A.L. container terminal is
exposed to significant probabilities of 12.6 kW/mZ and that 95
per cent of the totel risk within the'termiral originates from
the loading/unloading bay while the remainder 5 per cent is
attributable to the sgorage vessels,

The cumulative results fro the whole P.D. 0Oil terminal, including
the L.P.G. proposed facilities are as follows:-

- Cumulative fatality risk levels (Figure 13(f)) consort-
ium/P.D., Oil are still well below 0.1 chance in a million
per person per year at the nearest residential aresas.

. Heat radiation and explosion overpressures of 4.7 kW/m2
and 7kPa at the relevant level of 50 in a millien for injury
to people and damage to properties do not reach any
residences (Figure 13(g)). Friendship Road lies within this
risk contour.

. Relevant results for Port land use planning purposes are
those depicted in Figure 13(h) where the 50 in s million
risk levels for 23 kW/m?2 and 14 kPa sre contasined within
the total P.D. Oil storage terminal's site boundaries in
accordance with the Department's assessment criteria.

(ii) Terminals Pty Jitd (Figures 14(a) - 14(b))

This terminal is loceted along Friendship Road on the eastern
shore of Port Botany and accommodates some 62 storage tanks with
an approximate totel capacity of 42,000 tonne of flammable
liquids and potentially toxic material.

The results indicated in Figures 14(a) - 14(b) are summarised as
follows:

. Figure 14(b) presents risk contours in terms of fatality
to any member of the public per million per year per person
relevant to residential land uses. The figure indicates
that risk levels in excess of 1 chance in a million per year
per persen do not reach any residence in the area:
although, theoretically, it is possible for a toxic vapour
cloud to reach residential areas under the most adverse
meteorological conditions. -
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It iz noted that, 2ithotgh residentiisl srsas sre not
affeetad, the probability of faiality tc any maember of the
publis, elQiy Friendship Rowad due to fire is in excess of 10
chaness in a mTilisn per parson per yeRr,

. Figure id4{a) presents the frequencies of exceeding heat
eriterion of 2.1 kW/m2, 4.7 kW/wm?2 and 12.6
kW/m2, This eriterion is relevant for iniury to people
and possible damage to residsntis! properties., As shown,
these frequencies 2re lesz ther 10 in s million per person
per year and sre judged es low when compared with other
risks, '

; The frequency of exceeding s heat eriterion of 22 kW/m?2 is
in the corder of 10 in n miilion per yeer at adjscent
terminals., This indicates that the operations of the
terminel do not plece adjscent plants at prisk and more
sigpificently, would not intreduce serious constraints for
any future expsnsioks at these plants,

Overail risk distribution within the terminal is:

Ares Percentage of fotel risk
Whasrf 0.3 '
Loading /unloading 88
Storage 1.7

it

{(iii) mwmmszammummmm;
lﬁ-' LY

This storage terminal ecconsists of 1 x 4,000 tenne liguified
ethylene refrigerated storage tank currently operating and 2 x
7,008 tonne L.P.GQ. refrigeranted storage tanks under construetion.

Adjacent lend uses inelude the Terminals Pty Ltd liquid chemicals
storage complex t{o the north-east, the C.T.A.L. container
terminel te the north across Friendship Road, and vacant land
degignated dry bullk storsge and coal loeder to the south and
west,

Liquified hydrocarbonz ave imported by ship to the site via the
liguid chemical berth and trensferred to the I Botany site
by pipeline vie the pigsline corridor.

Figure 15(b} indicates that all fatelity risk levels in
excess of 1 in & million are well contained within the boundaries
ef the site. There is no fatslity risk to any residentisl
aress. Heat radistion risks sre also moestly conptained within the
site boundaries.
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(iv) Emms.eﬁ_ﬁg.,ﬁl_ Gas Jtd 4,500 tonme storage and
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(Fer d,etalled reference see Department's Environmental Impact
Assessm ent‘ﬁeport and supplementary document for the proposal),

= f
This proposal, for 4500 tonnes of L.P.G. Ges storage cepacity
with associated 'transfer pipes, pumps, compressors, road
loading/unloading facilities has recently been granted planning
consent subject to.- conditions that require mounding of all
storage vessels,

&

Preliminaery results indicated in Figures 16(d) - 16(¢) are
summarised as follows:

i Fatality risk levels in residential areas are below the one
in a million per person per year suggested as an
assessment criterion for residential land uses. Friendship
Roed is, hgwever, exposed to levels in excess of 10 in a
million per person per year.

’ Although residential areas are not affected b 35 heat flux at
the 50 in a million level for 4.7 kW/m<4 and 7kPa,
comprehensive hazard and operability studies are essential
to ensure that adjacent facilities are not exposed to the
relevant 23 kW/m2 and 14kPa risk levels.

Erocessing Plants
(i) ICI Australia Ltd (Figures 17{a) - 17(c))

The ICI petrochemical complex at Botany occupies more than 40
hectares which is centrelly located within the industrial
complex. Major chemical and petrochemical processing operations
are carried out on this site. The site is bound by Denison
Street to the east with residential areas as close as 20 metres
from its boundaries, and by other storage terminals.and chemical
plants to the north, west and south (see Figure 2).

Because of the magnitude end intensity of operating plants on
this site, this complex represents the greatest single source of
potential hazards in the study area. The full range of fire,
explosion and toxic hazards are potentially present.

There are extensive and wmprehen ive safeguards implemented at
the plant. However, the proximity of surrounding residential
land uses offer serious constraints to risk control and

limitations.

The resuits of the hazard anealysis for this complex are indicated
in Figures 17(a) - 17(c). These results indicate that the risk
of fatality levels in excess of 1¢ in & million per person per



year _az-? cﬂt E‘n ed within the boundariss of the gite. However,
fatality lavels ig (he renge I-18 extend sceme 300-400 motlres into

resademxai Brféas to ¥he eesst.  Relatively lower risks of
fatelity %, RS P a million per person per year; from the

plant siill pers sz Gyer & za";c: arsi covering most of the
northern section of the stedy sres frem Botany Road to Anzac
Porsde, Cardeners Eoad in the north to Brotherson Dock in the
souih.

Significant levels of 4.7 «W/m? heet flux end 7 kPa explosion
overpressure most relevaat to resideatizl land uses ecover
residential srege fto the e2a3f of the plant inciuding eall
properties {ronting Nislsen and Denison Sirests,

Liquid Air and the fsso ilermingl azre the mejor industrial plants
bordering the eomplex and are exposszd to significant
probabilities of 14 kPa overpressure.

(i)  Totaioil refinery (Figures 18(s) - 18(n))

The Total oil pefinery st Matraville Is closely surrounded by
residential developmsnis on iis northern and north eastern
boundaries. To the south lizs the Botany Cemetery and (o the
west Bunnerong Power Station., There are three vacant Crown land
sites moned residential within 800 metres {rom its boundaries.
Figure 19(e) indicates .fatality risk levels in excess of 18 in =
million extending some 300 metres within residential sareas,
These ereas are =iso subjsct to significant levels of 4.7 kW/m2
heat flux and ¥ kPs ewplosion overvressurs In excess of this
assessment criferia.

Arens exposed {o feiality risk in sxcess of 1 in a million extend
over €08 - 708 meires from the refinery and lower lsvels still
persist up t¢ the jurelion of Bunnerong Road and Anzac Parade (o
the south, Anzac Parade and Long Bay Prison to the esst and
Brotherson Doek to the west. As the figures indicate, the extent
of fatality and injury risks is quile ecxtensive,

(i1} Cﬁlm“ﬂ_m‘, jes {Figure 198} ~ 19{bi}

Collie iz & manufscturer of indusirial and graphie inks many of

which arz zolvent based. K is locsisd in the southern sector of

the indupirisl zowmolex and is surrounded by Ls Porte Chemicals,

&‘ Containers, ithe &MOCO terminel and & number of light
ndustries to the souib.

Ko fats t; or é“efai‘ radiation impaet from the plant saffect
resident 5 al &

Neighbouring foeilities however are exposed to fatality risk

levels in excess of 10 in a milllon per person per year &nd

significant freguenciss of heet padistion in execess of 4.7
w/n“ and in come cases 12.6 kW/m%. A substantial par? of

to the south iz glze subjeei to sueh risk.

Bankomeadow Papl
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(iv) WMM&ZQ&&)_“MH

A.Cs, Hatrick is & manufacturer of various resinous materials,
polyvinyl acétate and some pesticides many of which are highly
flammable. .

+

Residential areas to the west on Stephens Road and Brighton
Street lie directly oppos,}te the plant. Esso; Cubicc and Johnson
& Johnson are all adjecining.

Fatality risks in excess of 1 in a million per person per year
cover the majority of residential sreas bound by’ Brighton Street
and Stephens Road. A large proportion of this area exceeds a
fatality risk of 10 in & million per person per year considered
excessive. This same area could also be subject to significant
levels of heat flux well in excess of 4.7 kW/m2 and in some
areas in excess of 12.6 kW/m?2 and must be considered &t primary
risk. ;—

The neighbouring bulk fuel depots Esso and AMOCO are not
subject to significant heat radiation from the plant, However,
levels in excess of 12.6 kW/m2 would reach Johnson & Johnson
and Cubico.

(v) Catoleum (Figures 21(a) - 21(b})

Catoleum is a specialist chemical manufacturer which produces
catalysts, various polymers and liquid and powder blending. Many
of the materials used are solvent based.

Adjacent facilities include Davis Gelatine, ICI and some
residential/open space areas at Stephens Road and Spring Street.
Residential areas are not exposed to significant fatality or heat
flux risk from the plant.

Heat flux levels in excess of 12.6 kW/m2 may be experienced at
CIG land (eurrently vacant) and &t Davis Fuller Adhesives.
Kellogs meay experience relatively low probabilities of heat flux
between 4.7 and 12.6 kW/m?2,

(vi) Bsyer-Formag (Figure 22)

The Bayer plant at Boteny which formulates and blends a number of
powder and liquid based pesticides is located in Wilson Street
and is surrounded to its immediate west and south by a number of
light industries which include goods distribution, warehouse,
transport terminals and engineering workshops. Across Wilson
Street opposite the plant are located residential developments.

As Figure (22) indicates these residences are exposed fo
significant fatality risk levels in excess of 10 in @ miilion per
person per year. In addition, & number of residences_ to t_he
north are also exposed to such relatively high fatality risk

levels.



Light industry adjacent {¢ the plant cculd experience heat flux
well in excess off 12.6 kW/m? should a large amount of sclvent
used be ignjted.

Siela2 Ej}_ﬁi&ii& Qf gﬁﬁ:g&is f{l: ggxig_gﬁg tglm

Some insiailetions in the study arez store, handle or process
materiais that are toxie in nature snd, if released to the
atmosphere in sufficient guantities, and under certain
meteorological/dispersion conditions; could result in high
concentrations &t residential and other public aress.» These
installations have been identified in Section 4 of this report.

Appendix F details the methed adopted to estimate toxic
concentration levels at various distances from the source of
release.,

The results of analysis for the major potentinl sources of texie
gas release (either diredtly or zs a result of combustion - i.e.

fire enguifing toxie materials ~ or due to chemical
reaction/decomposition) are presented hereafter.
(i) %ﬁﬂm_mm;gum_mmm_ﬂm

Chloreform was identified as the chemical stored and handled con
site which i the most potentially toxie if releassed to the
atmosphere. As Figure 23{a) indicates, toxie ecnceantrations of
up to 1600 p.p.m. (level considered to be immedistely dangerous
to life or hesith, 30 minute exposure without effect) could reach
some 1.1 km from ihe site potentiaily sxposing residences on
Kooringai Avenue, Ysrra Bey. However, the probability of sueh
events was feund to be relatively low {estimafed at 8 chances in
a million per year) independent of wind direction.

Higher concentirations could be experienced clossr to the site,
with ambient levels of up te 4800 p.p.m. exposing the adjacent
Terminals Pty Ltd, proposed Boral and C.T.A.L. container
terminels, It is neted that Tigure 23(a) indicates the resulis
for worss case situations,

Experience has also shown that toxie materisls incorrectly
blended or enguifed in a fire could relesse toxie fumes. The
stronger the fire, however, the more efficient it is at
eompletely consuming eny texic fumes, As sueh, s fire at this
facility {estimated to be at a {requency of 1 in & thousand) is
unlikely fo resul! in adverse concentrations of toxie vapours
although it iz known that, under adverse meteoaroclogiecal
conditions, odours, at less then toxic concentrations, could
resch distances of up to 3 kilomelres.

A number of other substances handled on site with potential toxic

impact includes toluene diisceyanete (TEI) and methyl ethyl ketone
{MEK). ‘Theze howsver are not as wolatile as chloroform and
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relevant concentrations weuld not exceed public threshold levels.
These are rgore appkicable to oceupational health considerations.

(i) ™ Termin®ls Pty 4d (Figure 23(b))

Toxiec materigls identified at this site (in storage or in
transfer/handling) include Formeldehyde, methylene chloride,
chloroform and epichlorohydrin which on combustion decompeses to
Phosgene, & gas of sérious toxiec effeets at relatively low
concentrations, '

*

=

Concentrations of epichlorohydrin in excess of 10€ p.p.m. could
occur at distances up to 700 metres from its release point (see
Figure 23(b). Although_ the aree potentially affected does not
include residential, adjacent facilities would be at risk. The
probability of such an event oceurring in practice was however
found to be relatively low at an estimated frequency of 0.1
chance in a milliogp. Should phosgene be released from this site
(as the result of & fire engulfing epichlorohydrin) then the area
of impact would be much larger and as Figure 23(b) indicates
concentrations of 10 - 25 p.p.m. would reach residential areas on
Yarra Road and Elaroo Avenue. Concentrations in the range of 5 -
10 p.p.m. would still persist from up to 3 kilometres away from
the site. Although the probability of such an extreme event is
considered low, special precsutions will have to be taken to
reduce the area of potential impact.

It should also be noted that chlorocform concentrations considered
a public health risk (1000 p.p.m.) would not remch residential
areas 1.1 km away at the ecritical probability of assessment,
Chloroform does not generally combust, so toxiec byproducts are
not relevant.

(iii) Bayer-Formag

Bayer formulates a2 number of pesticides which, if decomposed,
could result in the release of toxic gases, the most significant
being sulphur dioxide. For an estimated rate of relesse of 0.1
m3 per second, concentrations of up to 20 p.p.m. of sulphur
dioxide (detectable by odour) could spread to 500 metres from the

point of release.

Although the probability of occurrence of any of these events
has not been evaluated in detail in the absence of any detailed
hazard and operability investigations, it is highly likely that
residentisl areas across the road from the plant sre exposed to
excessive risk of toxicity.

(iv) ICI petrochemienl complex - Botany (Figure 23(c)}

ICI handles & number of materials which could present s toxie
gas hazard. Of particular concern are chlorine and emmonia,
Chlorine is the most potentially toxic and could readily spread
under adverse meteorclogicel conditions.
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Upon investigation, it was~ fourd that twe different chlorine
release rates, ath differént probabilities could occur: A
relatively mgh«,,ratﬁ of chlorine release (3.6 m 3/second) &t a
low probability of abBut 4 in a million; and a lower release rate
(1.2 m2/second) at & significently higher probability of about
100 in a million. Concentrations of greater than 150 p.p.m. are
considered a high risk while concentrations of less than 15
p.p.m. are not likely to meanifest in any way other than a strong
odour with no immeidate health effect to people. A concentration
of 430 p.p.m. or greater has been adopted as the lethal
concentration under any conditions. .

As indicated in Figure 23(e) this high concentration, even under
high conditions of rate of release, would not extend beyond the
Company's site boundsries under the most probeble stability
atmospheric conditions.

The more probable event of a low release rate should also
not result in the 150 p.p.m. concentration passing beyond the
plant boundary ealthough for the higher release rate, the 150
p.p.m. concentration could extend to Rhodes Street and cover

most of the Denison Street, Nilsen Avenue and Grace Campbell
Crescent are immediately to the east of the facility. Situations
of release rates epproaching the 3.6m 3/sec should not therefore
be allowed.

The 15 p.p.m. concentration for the low release rate could extend
some 1.1 kilometres from its source beyond Bunnerong Roed, to
Wentworth Avenue and down to Brotherson Dock as indicated in
Figure 23(c¢). This includes extensive residential premises. In
the case of the less probable higher release rate, the impact is
limited up to Stephens Road to the west (no residential areas
affected) but affect residential land uses tc the east well
beyond Bunnerong Road.

Container Termingis, Trapsport and Freight Depois
A number of fecilities handle materigls which could, under

certain conditions, undergo chemicsal reections to produce toxic
gases or fumes.

These facilities have been identified in Section 4. The largest
quantity of material known to be held of this nature is 12 tonnes
of pool ¢hlorine at Mayne Nickless depot, Botany. The most
important aspect to consider in relation to this material is its
rate of release rather than total quantity of chlorine release.

A rate of release similar to that at ICI ecannot be
anticipated. In fact at distences of up to 200m from each poinf
of release, toxic concentrations would not exceed the minimum

concentration required to cause any throat irritation {15 p.p.m.)
The odour threshold (1 p.p.m.) could extend up to 5860 m from the

release source under most weather conditions.
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5.2 Cgmmmmmm_mﬂw

w
Figures Zs(a}jﬂmd (bJz presents the combined heat radiation end
explosion’ overpressure end fatality risk levels for all current
and pr poSed developments at Port Botany. These results have
been compiled by cumulatively computing the relevant risk
contours for each mdwidual installation previously discussed.

The results indicate tha‘t:

. The 0.1-1 chance”in a millicn per person per yeer fatality
risk level does nmot affect any residential areas and is
generally contained within the Fort. The results reflect a
relatively high level of safety control adopted at the Port
to date. _

. Flgure 25(a) presents the probabilistic risk levels for 4.7
kW/m2 and 7 kPa in excess of 10 in & million. No
residential areas are affected and overall risk levels are
generally conta@ed within the Port boundaries.

" There is a need to reconsider the use of vacant lands at the
Port, some of which in reiatively high risk areas are for
public use. This is further discussed in Section 10 of this
report.

. Cumulative risk levels from the Port area are very sensitive
to the proper location of potentiel risk generstors within
the Port. Should potentially hazardous facilties be allowed
to locate in certain sensitive areas, cumulative risk levels
could significantly increase. This should be accounted for
in allocating remaining vacant lands on the Port ({see
further discussion, Section 10.3).

. Friendship Road is shown as consistently being exposed to
relatively high risk levels and general public asccess to it
should be contrelled. ’

. Figure 25(b) could be used as the beasis for formulating an
overall emergency plan specific to the Port.

5.3 Combined hazard snslvsis results - Major components of
risk

Figures (26), (27) and (28} in the appendix present overall
resultant risk levels for the industrial complex and Port Botany
in terms of fatality risk levels, heat flux, explosion
overpressure and toxieity.

5.3.1 Combined fatality risk levels

As shown in Pigure (26}, areass exposed to fatality risk levels in
excess of 10 chances in a million per person per year (well in
excess of this assessment's criterion) are generally contained
within the industrial complex and Port Botany except for:
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residential areas sadjscent! to the Total oil refinery at
Matraville generaliy Jbounded by Msacquarie, Dampier and
Wagsel S Qtree}s, e

y residehcds slong Beauchamp Rd, Rhodes and Solander Streets
opposite H.C. Sleigh; .

. residential areas west of the industrial complex
particularly those opposite A.C. Hatricks and Amoco
generally bounded by Brighton Sireet, Stephen Road and
Botany Road {well in—excess of 10 chances in a million per
person per year);

. residential areas surrounding the Bayer plent at Bot:any;

‘ the embankment road, Womeai Reserve at Port Botany, section
of Bunnerong Road opposite Total oil refinery, section of
Botany Road opposite Caltex terminal, section of Beauchamp
Road opposite H.C. Sleigh and Stephen Road west of the
industrial complex.;Vacant Crown Lands adjacent to the Total
oil refinery are alst included.

Fatality risk levels in the range 1-10 in a millicn per person
per year (also in excess of this assessment's criteria) cover a
wider area, generally bound by Rhodes Street opposite ICI to
the east, Wentworth Avenue to the north, Brighton Street tc the
west and Beauchamp Road/Botany Road to the south. The 1 chance
in a million fatality risk erea around Port Botany and the Total
oil refinery interacts to cover residential aresas up to 609
metres from the Total oil refinery to the north and Yarra Road to
the south.

The major scurces of these resultant risk levels are the ICI
Botany plant, Totsal oil refinery, H.C. Sleigh, AMOCO, A.C.
Hatrick and Bayer. Overall f{atality risk levels from Port
installations {excluding shipping activities) at residential
areas are below 0.1 chance in a million per person per year.

5.3.2 Combined heat flux snd explosion overpressure jmpact

Significant probabilities of heat flux in excess of 12.6 kW/m?2
and of overpressure in excess of 14 kPe as indicated in figure
(27) eover the residentiel areas around the Total oil refinery,
H.C. Sleigh, AMOCO and A.C. Hatricks. Residents opposite the
IC1 plant are exposed to lower probabilities of such levels
but to significant levels of 4.7 kW/m? gnd TkPa. In addition,
the risk of fatality is well in excess of 10 chances in a million
within 81l installations in the complex and the Port srea. High
probabilities of 12.6 kW/m2 and 14 kPs also exist.

Petroleum product storage terminals sre significant sources of
heat radistion impaet while the ICI plant, Totsl oil refinery
and the proposed L.P.G. terminals st Port Botany ere maejor
sources of heat radiation and explosion overpressure.
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The ultimate com’bmed impact down to levels of 2.1 kW/m2 and
3.5 kPa, lmportant for emergency planning, cover an extensive
area &s indicated in Flgurg 27 including residential and sactive
open space land uses. i

5.3, 3 Qo.mbms_d_muf.lmmam

The ¢ mbmed*“"nmpact of possible releeses of toxie gases is
presented in flgure 2 This impaet has not been translated in
terms of risk of fatallty because of inherent difficulties
associated with assumptions relating toc the rate of release and
duration of people's exposure. Residential areas east of the
Bayer plant, particul@j_l{y those along Wilson, Wiggins, Swinbourne
and Trevelyan Streets, are exposed to relatively high risk of
toxic gas impacts. ~ Residences east of ICI aiong Denison
Street, Beauchamp Road and Grace Campbell Crescent are also at
relatively high risk.

The overall extent of toxic gas release impact as indicated in
figure 28 covers an area extending to Bunnerong Road, well into
Frenchman's Bay, to Wentworth Avenue north of the complex and
residences west of the industrial complex.

Main sources of such hazards include the P.D. Oil and Terminals
storage facilities at Port Botany, the ICI and Bayer plants
within the industrial complex. Minor risks from some freight
depots also contribute to overall toxie risk levels particularly
in the proximity of Moore and Baker Streets.

5.4 Qversll assessment of hazard impact risk srea
lassificat]

The computed results for risk of fatality, heat radiation and
explosion overpressure and toxic hazard as discussed in the
previous section of this report were compered with the suggested
relevant assessment criteria in order to determine the degree of
risk impact and to identify problem areas. Particular emphasis
is on residential areas bordering the industrial complex.

An overall risk area classification system was adopted  for that
purpose. Resultant risk contours for each installation and for
the overall complex, were broadly grouped into two major risk
areas, as follows:

(i) Primary risk areas

These areas have been found to be exposed consistently to risk
levels well in excess of any reassonably acceptable criteria.
Risks of fatality are well above 1 chance in a millien per person
pPer year. Heat radiation and/or explosion overpressure and toxiec

risks are slso excessive. In short, these areas represent the
most seriously affected areas.

Because it weas assumed that high levels of control are being
adopted by industry, it is unlikely thal any additional controls
at the source would significantly slter the size of these areas.



L o4g -~

3 ~

In determining these are‘ﬁ';s, due consideration was also given to
the numbeg of people exposed.

These areas must be giVenepriority for control.
(ii)  Secondary risk areas

These aress represent the ultimate extent of hazard impact.
Residential developments within these areas could be affected by
hazardous incidents within the complex, but the likelihood is
relatively low. Evacuation and counter-disaster procedures are
of prime importance for these arees.

. hthd
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The results of this aSsessment are summarised as follows:

RISK AREAS CLASSIFI(;ATION/RESULTS OF ASSESSMENT

y e
Insia{ati‘?n F- Primary risk area Secondary risk area
L
!
AMOCO -~ .t Includes residential . Includes residential,
(Figure 29(a)) and industrial land industrial and open
uses, space areas.

. ReSidential uses are . Extent of overall
loeated west of the impact bounded by
plant and include a Wilson Street, Fremlin
total of some 41 Road, Wiggins Street,
dwellings (11 flats, Excell Street,

4 semis and 26 single . Foreshore Road (almost
detached houses). - 100 metres north of
) the Brighton Street/

. Adjacent facilities Stephen Road Inter-
ffected include section is also in-
etal Recyclers, cluded.

Sea Containers,
Cubico, Botany . Include all Banks-
Council's depot and a meadow Publie Sehool

mixture of light
industries.

. Part of Banksmeadow
publie school is also

affected.
A.C. Hatrick . Includes residential . Includes major resid-
(Figure 29(b)) and industrial land ential areas, indust-
uses. rial uses and part of
Banksmeadow Public
. Residential uses are School.

located west of the
plant and include some . The area is generally

55 single dwellings bounded by Wilson,
and a few small scale Wiggins, Ermington,
commercial uses. Swinbourne and

Herford Streets.
. Industrial install-
ations inciude Johnson
& Johnson and Cubico.

. Sections of Stephens
Road and Brighton
Street are extensively
affected.




H.C. Sieigh
(Figure 2%{e))

e
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i

. Incdudes residential, .

light indusiries and
open space.
Residential uses are
lncated north and

Ineludes major
residential areas,
small scale light
indusiries and
limited open space.

Y nortivwest of the . General extent of the
My lant and include area is bounded by
a minimum of 202 Herold Street/
dwellings (151 flats Raymond Avenue iniep-
and 51 detached section, Baird Avenue
houses). to the east and
Denison/Grace
Industeial install- Campbell Crescent to
ations inciude Crest the north.
Chemicals and some "
light industries.
Smalil pareels of open
space lands are also
included,
ICi Botany Inciddes industrial, . Includes industriai,
Complex residentiial and open residential, open

(Figure 29(d))

space areas.

Hesidential areas sare
mostly lecated to the .
east some Z4J metres
from plant bounderies.
Estimated number of
dwellings affected are

space and Mairaviile
Publie School.

General extent of
area bounded beyond
Bunnerong Road,
Wentworth Avenue,
Brotherson Dock,

a minimum of 260 dwell- Port Botany and

ings (169 flats, 44
semidetached and 47
singles). An additional
3¢ flat dwellings should
aiso be investigated.
Some 98 dwellings (17
singles and 73 flats}

are exposed to the
combined impact of ICI
and H.C. Sleigh.

mndustries affectad
include BP, Totisl
distribution, Liguid

Air, Johnson & Jchnson,
CiG, Bsso, Wool
processors, Alfa Romeo,
1.,C. Sleigh, Fibre
Containers and part of
A.C. Hatriek.

beyond Wiison Street.
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3 “¢ . Open space affected

"~ includes the Hensley
Athletic Field and
small parcels of
scattered open space.

1

& : i Es

i Total eil . Includes residential, . Includes meajor resid-

i refinery " open space and vacant ential areas, light

£ Matraville . land (zoned resid- industries and open
(Figure 29(e)) ~ ential), and light space.

‘industries.
. Area extends overall

T

. Residential areas from Bunnerong/
affected are mostly Franklin Road to the
3 located to the north northy beyond Anzac
: east sector. Number Parade (State
of dwellings affected Penitentiary and
{ include some 470 Prince Henry Hospital
3 dwellings (16 flats, to the east, Anzac
: 31 semis-and 423" Parade/Bunnerong Road
singles). to the south, and
: bulk liquid storage
: ;E,_-Botany Cemetery and area/Foreshore Road
part of La Perouse to the west.
Public School are
§ included. . All of La Perouse
t ) Public School, re-
Y . Bunnerong Power Station creational areas to
: site is affected. the south, the State

Penitentiary and

: . This area also includes Prince Henry Hospital
three vacant Crown land are affected.

sites zoned residential.

Total dist- . No residential aress . This area extends to
ribution are affected, some residential
terminal areas on Denison/
(Figure 29(f)) . Neighbouring plants Smith/Boonah/Fraser
affected include ACI, and Wentworth Avenues
BP terminal, the to the east, beyond
northern area of the Wentworth Avenue
ICI plant and ( Mutch Park and the
Continentsal Distill- Golf Club) to the
eries north and to the

Knebel, CIG and
Readymix install-
ations fc the west.




BP storage . Ho residential areas . Ho residential areas
terminal | are aifected, are included,
{Figure 28{g}}
. Neighbouring linstall- . Extent of the area is
ations efiected Holloway Sireet,
; includg the Total Wentworth Avenues and
o distriution terminel, Corish Criele opp-
6 T £C1, Knebel, Readymix, osite the Hensley
and pert of the Athletic Field.

Liguid Air plant.
. Parts of the ICI
and Davis Gelatine
plants sre included.

Esso storage . Ne residential aress . No residential land
terminal’ are affected. uses are included.
(Pigure 29(h};}
. Adjacent plants . Larger arees of the
affected include gdjacent KI, John-
parts of Johnson & son & Johnson, A,.C.
Johnson, A.C.Hatrick  Hairick, Cubieo,
and ‘the ICI Metlal Becyelers and
plan%sa La Porte chemicals

are affected,

Caltex terminal . No residentisl land . Ares is mostly
{Figure 23(i)} uses are included. industrial and covers
Fibre Containers,

. Relatively small areas A.P.M. and A.N.L.
of the adjacent AN.L. container terminal.
conteiner terminal and
£.P.M. plants are
affected.

. High rigk along Botany
Road.

Bayer Australia . Include major residen~ . Area extends to

Ltd tial areas - a total foseph Banks Street,
(Figure 28(j)} of 47 dwellings (2 Swinbourne Sirest,
, semis and 45 single Brightor Street,
dweilings). Wilson/Berford
Strests.

. Surrounding eight
indusiries are
affected,
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.ICI hydro-

carbon storage

(Figure 29(k))
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. Cont;ine'd within site. . Part of the embank-

boundgries.
i

ment wall and
Friendship Road
could be affected.
Generally the area
beyond immediate
boundaries is
limited.

.Proposed Boral
Gas Ltd
(Figure 29(1))

Extensive coverage
of adjacent P.D.
Oils,“Terminals,
part of the ICI

site and of C.T.A.L.
container terminal.

Extends to part of
Womeei Reserve,
Bumboreh Point.

No Fesidential areas
included.

Extends up to
Brotherson Dock,
Bunnerong Power
Station site and
Botany Cemetery.

Bulk liquid chemical
berth included.

Under certain cond-
itions vapour cloud
could reach resid-
ential.

BoD, @ils
(Figure 29(m))

No residential land
uses are affected.

include the Boral
site, Terminals Pty
Ltd and C.T.A.L.
container terminasal.
However, the main
potential is from
toxic gas relesase.
Fire risk contained
with site boundaries.

Proposed L.P.G. risk
contained within
site boundaries.

Extends up to Botany
Road/Bumborah Point
Road to the north, to
Baragoola Avenue -
La Perouse to the
east and beyond the
bulk liguid berth.
Main hazard is toxiec
gas release.
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.Terminals Pty . Nﬁo?i'es"fgential areas . Generally extends to

Ltd are affected. Yarra Rcad, La
(Figure 29(n)) Perouse to the scuth
. Mostly basedion pot- and Beauchamp Road/
ential for toxic gas Foreshore/Botany
: releas§ and tncludes Roads intersections
. # - the atjacent Boral to the north (mostly
T S Site, P.D. Oils, toxic effect).

ICI, C.T.A.L.
container terminal,
dry bulk ares,
Womeai Reserve.
Fire risk contained
within_site
boundaries.

5.9 OQuverall resultant risk
* Prime risk area:

This area covers a multitude of residential, open space and
industrial land uses, i(

Figure 30 indicates that a total of some 985 dwellings (630
single, 274 flats and 81 semidetached) are seriously affected.
Should the impact of the Total oil refinery not be accounted, the
total number of dwellings affected is reduced to 515 (207 single,
50 semis and 258 flats). The majority of these residences are
located on the eastern side of the complex and include
extensively developed housing in most cases bordering hazardous
operations of & relatively large scale. These dwellings are
exposed to risk levels well in excess of any acceptable
criteria.

The area also includes two schools being Banksmeadow Public (due
to the risk from AMOCO) and La Perouse school (affected by the
Totsl oil refinery).

Open space affected includes Hensley Athletic Field, Womeai
Reserve, open space land on the foreshore along Yarra Bay and &
number of small areas of open space.

Major public roads affected include Bunnerong Road, Denison
Street, Beauchamp Road, Botany Road, Bumborah Point and Stephens
Roads. The bulk liquid berth end the single buoy mooring eare
significantly affected.

. Secondary risk area:

This area is extensive. As indicated in Figure 30 the area
covers a large number of residential uses.
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The overall extent of the area is from within the Eastlakes Golf
Club to the north, Anzac Parade to the east (includes parts of
the State Penitentiary, Prince Henry Hospital), into Yarra Bay
southward and Botany Read te.the west. This area should form the

basis of overall’emerggncy planning.
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6.1 Defipition B

In prinéiple, ity.is pns{i’ble Tor one hazardous incident to
initiate further fnc¢idents thus increasing the demage caused by
the first. % This has been referred to as the "domino effect” or
accident propagation.

Typical examples of such events which are theoretically

possible ineclude:

= A vepour cloud explosion causes damage at an adjecent plant
or storage resulting in a lesk which does not ignite at once
and sc accumulates into a bigger flammable cloud which
ultimetely explodes, significantly increasing the’ ares of
impact.

- A fire at one plant causes overheating of stocktanks at an
adjacent plant, resulting in a BLEVE (Boiling Liquid
Expanding Vapouurr_Explasion) or a secondary fire.

A distinction is com moni'y drawn between an escalating incident at
the one location and an incident which leapfrogs to a second
location. Thus differentiation must be made between accident
propagation within the same installation, or internal dominoes,
and accident propagation from one installation to adjacent ones
and so on - external dominoes.

Relatively small accidents within one installation, if not
effectively controlled, could escalate into major mishaps
affecting other plant items. Records of such situations could be
found,

It is, however, difficult to find records of a mishap at one
plant which has affected adjacent installations and increased the
overall damage. In fact, the writers could not find any records
of secondary explosions or fire spreading from one installation
to ancther. (This does not meen that one has never happened, or
could not happen in future. However, the likelihood is probably
much less than casual observation may suggest.)

6.2 Method of sssessment and relevant criteria

The general principles adopted to investigate the potentiel of a
"domino" effect recurring are:

(i) Eech plant item within cone installation was examined as
was the nature of neighbouring facilities in order to
identify those items whiech handle, store or process
material with a potential for generating secondary

incidentis.
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(ii)  Potential Sources of fire and/or explosions in areas
adjacent to each such items were examined in turn, to see
whether they could expose those items to sufficient heat
radiation or explosive overpressure for & secondary
incident to be initiated.

Lt L
(iii) Having fidentifféd the potential sources of fire and/or
<plpsion with sufficient effect to place the selected
plant item at risk, the likelihood of such exposure was
assessed. |

(iv) Where an item was found to be exposed to a relatively high
likelihood of exposure to high levels of heat radiation or
explosion overpressure, this item and the main identified
causes of exposure were given a closer review to clarify
whether a domino incident is a credible result of that
~exposure .

Incidents which result from. escalation of minor mishaps within
the same plant were not described as domino per se, rather as
potential for accident escalation. The main criteria adopted for
assessing such a potential are:

. For atmosphericinon—pressurised flammable liquids storage,
process units, pumps and pipelines - heat flux not to exceed
23 kW/m?2 and explesion overpressure not to exceed 14 kPa
for maximum probabilities of 1 chance in a ten thousand (1 x
10-4) per annum.

; For pressurised vessels, process plants, pipelines, pumps,
etc. - heat flux not to exceed 25 kW/m#4 and explosion
overpressure of 35 kPe at maximum probabilities of 1 echance
in ten thousand (1 x 10-4) per annum.

In order to formulate appropriate criteria of assessment in the
case of domino propagation from one plant to another, facilities
were examined and grouped on the basis of adjoining plants.
Three groups were thus identified:

Group 1 - Timber yards, container terminals, bulk freight
depots, warehousing and chemical factories. "

Group @I - Atmospherie/non-pressurised vessels and process
units, pumps and pipes.

Group NI - Pressurised vessels and process units, pipes and
pumps.
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The relevant criteria €orsassessing each group are as follows:

3
I 12.6 kW/m% 35 kPa
n P 23 iW/m? 14 kPa
: \ A .
I 25 kW/m? 35 kPa

A frequency exceeding 0.5 in ten thousand (0.5 x 10-4) per
annum at the relevant criterion was considered to be "at some
risk", while a frequency greater than 1 in ten thousand per year
(2 x 10-4) was considered-to be at "high risk".

In relation to fatality risk, levels exceeding 10 chances in a
million per person per year were considerd on the borderline of
acceptability, while those in excess of 40 chances per million
-per person per year were considered to impose a high risk on
adjacent plant personel.

6.3 Results of analysis : Potential for accident propagation
mmm_euh.mﬂnlia.tm

The potential for aeccident propagation within each of the
installations examined is presented in Table 12. Almost all fuel
oil storage terminals in the study area were found to experience
a high risk of incident propagation. Specifically, the Caltex
storage terminal, Total distribution, BP andd H.C. Sleigh
experience excessively high probability of propagation risk.
This probability is as high as 1 in a hundred for most tanks at
H.C. Sleigh and a 1 to 10 in a thousand on some 7 tanks at the
Caltex installation, exposed to high levels of 38 kW/m2., (See
Table 12 for details.) Esso and AMOCO storage terminals
experience relatively lower risk of accident propagation within
their respective fecilities.

In the process industries category, the Total oil refinery at
Matraville was found to experience the highest potential for
incident propagation. Processes &and storage tanks in the
southern and eastern areas of the refinery are particularly at
risk. Stock tanks and the gas plant distillation unit are major
components of total risk. Overall, there is a serious potential
within the refinery for a minor incident to escalate into a major

one.

The ICI petrochemical plant however has its facilities spread

over a number of disereet unit plants. The potential for incident .

propagetion from one plant to another within the complex was
found to be low (in the order of 0.1 chance in ten thousand).
Propagation potential within each plant is however significantly
higher (ten times higher). The olefines 2, vinyl chloride
monomer, propylene and polypropylene plants in particular exceed
the recommended ecriteria for accident propagation. The ICI
tanker loading/unloading areas present a relatively significant
risk of interaction with adjacent plants (e.g. ethylene tanker
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grea and VCM pjent - see Table 12 for details). With the
proposed use of L.P.6, as feedstock and the transfer of ethylene
by pipeline from Port Botany, this interaction potential would

reduce. * 4
i

In the Port Botany#freaj the mounding of the Boral L.P.G.
terminal's gtorageivessels would provide & relatively low
internel.{ncidey propageation potential.

j
The ICI hydroqgr?onfstorage terminal was found to have no
interaction potential because of the safety separation distances
and above standard qontrols implemented at this ferminal.

P.D. Oil and Terminals” bulk liquid storage facilities could
experience interaction risks depending on the nature of the
material stored at any particular time. Overally most of he
storage tanks are exposed to risk of interaction in 'excess of the
criterion.

The results of this assessment clearly indicate the need for a
comprehensive review of fire fighting and other control
mechanisms including emergency procedures at those installations
found most at risk gs indicated in Section 8 of this report.

6.4 Resulfs of analysis:  Potential for do mino effect between
il stallatic

The criteria suggested in Section 6.2 were adopted for the
various groups of instellations in order to determine domino
potential. In general terms, however, all those (f{acilities
located within the high risk aress of edjacent installations, as
indicated in Section 5.4 of this report, are potentially exposed
to risk of the d ominc effeet occurring (at least
theoretically).

The results of the ansalysis are summarised below

(i) Container terminals, freight depois and general chemical
factories

The following installations within this group were identified as

potentially being exposed to domino risks exceeding the criterion

of 12.6 kW/m?2 and/or 35 kPa at probabilities in excess of 1

chance in ten thousand per year, thus sustsining a potential

domino effect.
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Cubieo . A.C. Eatrick

See Containdrs i Collie, AMOOT and La Porte
Crest Chemicals y H.C. 8Sleigh

(ii}  Flemmable liguids storage /processing planis

Within this gromp, fecililies exposed t¢ 23 kW/m 2 and/or. 14 kPa
from adiseent plapts af frequencies in excess of 1 ¢hance in ten
thousand per vesr inelude:

Installation Main initiating plant(s)
affectad "
R Y

e

Pari of BP Total distribution/ICI 3
Part of Totsl disteibutisn BP 3torage
Liquid Air BP, Total distribution and

to & less=2p extent ICE

No other situations were identified ss significantly sustaining &
domino propageticn.

6.5 plications of resplis on propagailen fatentisl within
“mﬁﬁigﬂ@.jmwgiﬂmﬁmimmmmgﬂmm

The potentisl of eseailation of an ineident within the same
installation refizois the need for sadditional controls
(operational and organisationsl) reduce ihe probability of
aecident escaiation.

#
ed
Facilities ids .»;tii‘ied to be partisulariy prone to incident
propagation ineclude Csiiex, BP, Total | Distr ribution, H.C. Sleigh,
the Totel oil rsefisze:»?,f 'zd fo & lesger cxtent individusl planis
within the ¥ICI cowp

The resulfe imply thsi . instgilation? mentioned above 8
gomprehensive review r.:'-f' fighting lities, wonitoring and
isplation SEMB. Qe pE Faty separation
distances is urgently ne
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Figure 24 and Table 13 1ri<3;cate the routes of transfer
pipelines within the siwdy &rea together with the nature of

materials bemd’ transférred. These can be categorised as

follows:

My -

(i) gas plpelmes whieh include liquefied flammable geses
seeh as L.P. G. and vapours (e.g. ethylene);

(ii) crude oil trqnsfer pipelines including proposed
pipelines and thoseé from ship to refinery pipelines;
and

(iii} = . refined product and bulk chemicals transfef' pipelinés

from port unloading to site storage or from storage
terminal to another terminal or facility.

It was not considered f{easible- to undertake a detailed risk
analysis of =&ll pipelines within the study area. The
investigation was limited to the causes and consequences of worst-

case events, 2—

The consequences were assessed from a review of the nature of the
material being transferred, the diameter of the pipeline and its
pressure, while the likelihood of such an incident was
indicatively derived from worldwide experience.

4 B Hezard identification

Depending on the nature cof material in transfer, potential
hazerds associated with pipelines gre fire and explosions. In
gll ceses enough quentities of the material would have to be

released for significant impact to ocecur.
As indicated in Pigure 24, most pipelines in the area do not

travel through residential land uses with the exception of an
unused L.P.G. and a liquid petroleum line from the Total oil

refinery to the vicinity of H.C. Sleigh at Botany.
The main causes of pipeline failure are:

= being dug up accidentally by exesvators working on adjacent
projects (third party damage).

= Corrosion.
- Soil subsidence causing oversiressing.
o Poor guality control in pipe fabrication end laying.

= Damage where the pipeline crosses stormwater drains, passes
through culverts, ete.

]
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7.1.2. Qaonssquepse suslysis

if & cross country pip-w::'i;im: containing a fismimnablie liguid
develops a-lerge leak, e variciy of ms;s}i.zz eauid follow

If the liguid is & muterial like petrol il will pertly scak into
the gravel and vartly come o the szurface and flow sccording (o
the contours of the ground. N the means of leak detection
available to the owner of the sipelice are rudzme itary. then such
a leak may continue far many hours belfore belng detected,
identified and isolated.

Such a lzak may not ignite, in which case the public impeact wiil
have heen limited ic evecuation of adiscent aresas, barviceding of
roads, ete,

"

tiorn occurs scon after the leak steris, ibe result is
o be a fire of limited sres, the lesking fuel belng
d from a pooi near the lesk pf:.»iﬁ "

I ignit
likely i
consume

Should ignition occur after the izak hes spresd out, the {ire
could be far more widespread and much more difficult to guaentify.

Pipelines carrying liguefisd fismmauble ges are potentially e
hazardous in prineipls, The foliowing pipe;..nes are of
perticulsr significance -

COmREny Materigl Hais o L¥erage " Deessurs
yegeound -2 irapsiex plunping tkPa)
uiidgraround -u iims

ICI - Port Bthylens {2} %50t/ hr i1 prs 206
IC1 - Port Propang/butane (&) 230/ hy iE nrs AT
Lanerte/ 0] Aydregen () 380 Vit 240
Cl ~ Paotory Grhylene vap. (1) 5t /he 000
Y - Faclory Sropane/butfane (u)  30%/hr 168 hesfwk 1500
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Appendix K preserﬁs %’s’timations of the consequences of fire and
explosion from 10 minute, 6 minute and 3 minute releases from the
above pipelines. . A

!
The results generally«indiecate thet for the ICI ship to shore
line (transfep-rate 230 t/hr) a 10 minute release would result in
an impact to tanks and equipments (35 kPa) at 120m, while a 3
minute reiease-Would reduce the same aree of impact to 80m. No
impact to residentiel 'areas from 10 minute releases from that
pipeline. The ‘ultimate impact as determined by distances to
lower flammability limits for & maximum 10 minute release is
90m. Heat flux radiation resulting from flash fires, etc. are
mostly of local impact,‘:_'__ e

In relation to the pipeline corridors, 10 minute, releases of
liquified flammable material will also be mostly of local effect
with no impact at residential aress. Explosion overpressures of
TkPa (critical to residences) at a maximum of 180m have been
estimated, while plants and equipments within 55m would be
seriously affected. The hazard renge in terms of lower
flammability limits from the pipeline corrdor would not extend
above 60m for a 10 ginute release.

The conclusion of this assessment is that pipeline related
mishaps from the Port Botany area would not in all probability
affect residential areas located more than 1000m aweay. The
immediate impact would be to plant and equipment, particularly
exposed structure. It is essentirl in that regard that any
possible release from the area be limited to 3-5 minutes through
the installation of quick response emergency isolation wvalves.
Within the pipeline corridor itself any leak with subsequent
ignition would impose a heat impact hazard on adjacent lines with
the potential for accident propagation. The formulation of fire
prevention and protection meeasures at the Port should account for
such hazards. The feasibility of protecting the lines in this
area using a heat fire insulation material is also warranted.

7.1.3 Probability of I.R.G. leak from pipelines

In relation to the probebility of a pipeline failure .the only
study undertaken in the area is that condueted by ICI for the
L.P.G. transfer pipelines from the ICI hydrocarbon terminal at
Port Botany to the main Botany complex and the pipeline from the
ship. unloading to the hydrocarbon terminal (some 750 metres).
This investigation indicated that the pipeline could be
considered as three discrete sections, being the unloading line
at the bulk liquids wharf; the pipeline in the pipeline corridor
between the wharf and the terminal; and that section of the
pipeline within the ICI hydrocarbon terminal. For the three
sections of pipeline the overall probability of failure was found
to be in the order of 3.38 x 10-4.

The failure probability of the main pipeline from the terminal to
the Boteny plent was found to be in the order of 4.1 x 10-3
per annum for a leak of more than 3 tonnes of L.P.G. while the
overall failure frequency was sbout 5 x 10-3 per year for the
two pipelines.
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A similar study in the U.K. by the U.K. Health and Ssfety
Executive found a probable lesk incident frequency of between 2
and 3 x 1074 per km (90 per cent of which were considered to be
small). ;
For other pipeliges in e area a general indication of the
probable ingidevnt frequency hasg been provided in Table 3.

A -

7.1.4 Control messures

Measures which, if adopted, could greatly reduce the risk of
pipeline failure include:

1

careful inspection of "pipe and quality control of the pipe
leying operations; ‘

- adeqﬁate depth of cover, zlearly marked route and regular
patrols to wateh for excavation work in the vicinity of
pipeline; ' :

- waterpreo! coating on pipee, plus cathodie protection, to
inhibit corrosion:

- physical protection of the pipe in any exposed location;

= the installation of protective devices such as emergency
isciation valves cut-off valves and one-way flow vealves; and

- leak detection by automatic sensing devices (either of
pressure drop or hydrocarbon detectors).

These control measure either aim to reduce the frequency of the
pipeline leaking or to reduce the inventory of material released
shouid a lsak ceeur.

Technology for detecting leaks in long pipelines is improving all
the time, and some form of ieak detection system may be
appropriete on pipelines where the conseguences of 2 lesk are
sufficiently serious tec warrant it.

The most inirinsic measure for pipeline hazard control is to
limit the actual amount of material being transferred at any one
time. There are however operational! limif{ations to such a
measure of control.

In addition {o mezeting normal standard requirements on pipeline
construction and operations, emergency isolstionvalves are
intalled at the beginning snd end of the ICI traunsfer lines.
Monitoring faciiities are also being applied. There is however an
urgent need to implement similer controls (non existent) on other
pipelines, particularly those along the pipeline eorrid.c-r: Sueh
controls ought to be primarily determined on the basis of hazard
and operability investigations.
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The Botany/Randwick Industrial Complex and Port Botany is linked
to the rest of the Sydney !Region by a single track rail line and
a number of roads, notably the Foreshore Road, Botany Road,
Buhnerong oad, Gerdeners Road and General Holmes Drive.

.Inte_r\gel_ gcdess to the Port is via Friendship Road.
¢ T

s

Because of the relatively high concentration of bulk liquid
chemicals and L.P.G. storage and distribution terminals (present
and projected) at the Port, this area is increasingly becoming &
major source of dangerous goods,* road tankers and trucks in the
Sydney Region. In addition, the State Government (e.g. Sydney
Outline Plan, Draft Sydney Regional Environmental Plan - Botany
Bay) is promoting the.development of Port Botany to accommodate
bulk storage and distribution terminals, subject to stringent
safety and environmental controls. This is in récognition that
Port Botany is considered to be the only suitable wharf in the
Sydney Region for unloading large tonnages of liquid chemicals
and L.P.G, The implications are that dangerous goods generation
from the port area would ultimately increase well beyond existing
generation levels.

The sources and dé%tinations of most dangerous goods handled at
the Port are scattered throughout the metropolitan area. Because
of such transport distribution constraints rail transport cannot
be fully justified at present unless several secondary bulk
distribution centres are established at strategic locations
serviced by rail throughout the metropolitan area. This is not
considered to be & viable proposition, at least for the
foreseeable future and road transport of dangerous goods would
continue to be the only viable transportation mode.

To date, the implications of road transportation of dangerous
goods generated or received at the port facilities have been
considered in a piecemeal uncc-ordinated manner. Although the
cumulative traffic impact on the existing road system was
considered in the environmental impact assessment of each
proposed develop ment at Port Botany, concern was expressed by the
Department and the Development Committee of the Traffic Authority
of New South Wales regarding the transport of dangerous goods
along main roads which pass through sensitive land uses such as
residential, shopping, school frontages, ete. No formal route
for vehicles carrying dangerous goods including L.P.G. has been
formulated nor implemented with the general objective of
minimising, within practicable limits, the movements of dangerous
goods through high density areas.

2 In the context of this report dangerous goods refer to a
wide range of bulk liguid chemicals with potential for spillage,
fire and toxic release and to Liquefied Petroleum Gases (L.P.G.)
with potential for fire and/or explosion.
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Areas of prime concern dre those immediately surrounding the Port
where the highest concentration of movements cceurs. These greas
include the Municipalities of Botany, Randwick, Rockdale,
Marrickville and that part of Sydney previsuslyv known as South
Sydney. *

L ~
Concern gbout the léck of e-to-ordinated formalised route for the
transport af\c],ﬁanggmu%gnuds was glso expressed by local councils
in the srea and variols community groups, who chbjeeted to the
proposed developmenis proceeding prior to the implementation of a
specifie truck route network for the transport of dangerous
goods .

In its submission on & recent development application for an
L.P.G. sterage and distribution terminal! at Port Botany,the
Police Department through the Development Committee of the
Traffic Authority of New South Wales summed up the issue by
stating: "...in view of the potential of Port Botany for the
establishment of such terminals and the resultant increase in the
number of vehicles carrying dangerocus goods through sensitive
areas, it may ultimately be necessary to restrict this type of
development or devise alternative means of transport".

The main justification for the need to formulate and implement a
truck route network for the transportaticn of dangerous goods in
this area basicslly stems from the potentially hazardous nature
of sueh goods and the need to mitigate potential land use
confliets.

There are advanced and generally comprehensive technical
safeguards on tankers carrying dangerous goods., Despite such
safety controls, mishaps do occur. It is therefore essential to
formulate land use and traific management contrels to complement
technical conirsls and be an integral componeni of the overall
control process.

Three main considerations ought to be accounted for in the
formulation of such a truck route sysiem:

o cumulative traffic implications including level of service
of existing roads, traffie congestion if spplicable,
intersection capacity, ete;

: safety and land use impacts; and

. economic disiribution considerations including operators'
requirements for practicel transportation economies.

in eddition, any truck route system for the transportation of
dangerous goods in this area should be e¢apable of being
implemented effectively.

The formulation snd implementation of the routle snstwork would
ultimately facilitste future devslopments ai Port Botany
consistent with the role of the Port (present and future) and the
need of the State, This route enalysis could slse be used as 2
case study for & wider dangerous goods road famkers, route for
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the whole of the métropolitan ares. Reference is made in that
regard to comprehensive dengerous goods road tankers, routes
implemented as part of licepsing requirements in several European
countries and in Victoria (Department of Minerals and Energy).

7 Jw‘ e
There are algo obvioys advanteges in specifying & nominated route
from'\{hg‘_viewggint of emergency planning.

As pert of developmlent application and environmental impact
assessment cons*:d-lerations for recent proposed developments at
Port Botany, and in recognition of the need to formulate and
implement specific routes for the road transportation of
dangerous goods and to minimise land use conflicts, the
Department has suggé‘s‘fed conditions to be imposed on developers
at the Port to the effect:- &

"That the Applicant shall ensure that L.P.G. tankers
should only. be permitted to leave the terminal on
approved, determined routes dictated by their
destination and determined‘in co-operation with Loecal
Government authorities having regard to the New South
Wales raffic Authority's guidelines for the
developmgnt of tanker routes;" and

"That within six months of the date of any consent to
the proposed development, or such further period as the
Director may agree, the Applicant shall in conjunction
with its customers and with Randwick and Botany
Municipal Councils determine routes for the movement of
Dangerous Goods trucks through the respective
municipalities. AND FURTHER the Applicant shall
submit the recommendations to the Department, and shall
take appropriate action to ensure that tanker drivers
use the specified routes.”

These conditions of consent are limited and do not account for an
overall co-ordinated response to the issue. It is obviously more
effective if a single overall co-ordinated study be undertaken in
liaison with all developers in the esrea and local Councils under
the guidance of the Traffic Authority and the Department.

To achieve this objective, the Department has initiated such a
study to cover the Municipalities of Botany, Randwick, Rockdale,
Marrickville and part of Sydney ({(South Sydney). The main
participants to the study would be:-

Department of Environment and Planning

Traffic Authority of New South Wales

. Terminals Pty Ltd

p Boral Gas Limited

Shell Australia, representing the consortium of Shell,
BHP, CIG and Mobil ‘
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. B.D. Oii and Chemical Storage

it is proposed (o appoint specialist traffic consultants to
cenduet the study and preseni recommendations. Funding of the
study be shared by sall of the participanis who would nominate &
representative or a sub-commifiee to oversee, on & regular basis,
rondt the 1dy,
the conduct of\gmﬁ‘stt df;-
The consultants would generally undertake all traffic related
gnelysis. The Department would provide & detailed risk
quantification and lend use implications paper to be used as an
integral part of the study. The consultants would integrate the
various aspects of the analysis (traffic, safety and land use,
transportation economies) to derive a set of recommendations,
thus nominating the most desirable route.

Liaison with local councils, trade unions, community groups,
ete., would be the responsibility of the consultants, with
guidance from the Department.

The Dangerous Goods Regulstion has been upgraded (24 June
1383) to effect controis in, the registration and licensing of
drivers of dangerous goods rgad transport vehicles. In eddition
the Dangerous Goods Regulation has incorporated the provisions of
the "Australian Code for the Transport of Dangerous Goods by Road
and Rail". This code ecovers such matters as the classification
of dangerous goods, the marking of package containers sand
vehicles, documentation, methods for packaging dangerous goods,
carriage of bulk liquids and liquefied gases, and transport

procedures.

P
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8. RATIONAL AND

8.1 Rﬁﬂﬂummﬂﬂ

Appendix H presentﬁ- -sén overall assessment of operational and
orgamsationalf safety"*controis for most installations in the

study égeen

!
The adequacy of management and operator sattitudes, understanding,
knowledge, skills and. procedures in the field of technical safety
were rated very mdlcatlvely using information from the completed
questionnaires, by review of emergency procedures supplied to the
Department, and information from other government sources.

Points were allotted for: #

¢

-

- History of hazardous incidents
. Are hazardous incidents with & potential to place the
public at risk a continuing way of life for the
organisation?
. Do the same types of incidents recur?
. Is there evicgnce that effective corrective action is
taken after an incident?

5 Safety management

. Is there a safety officer or, if the organisation is
small, does management understand its responsibility for
safety? -

. What procedures are adopted to report on accidents or
unusual cccurrences, and is there any evidence of follow
up?

. What is known of the attitude of the management of the
organisation to safety?

- Safety features

. What evidence is there of the organisation aiming for
intrinsic safety &s much as posible; low inventories,

temperatures, pressures ete?

What evidence is there of an understanding of the need for
proper storage, control and engineering standards?

What evidence is there of the rcle of automatic protective
systems: alarms, automatic shutdowns, gas detectors,

combustion detectors ete?
Where the organisation handles flammable materials, what

fire protection equipment is there?
—~ Emergency procedures

. Does the organisation have emergency procedures?

. Are such procedures reasonably comprehensive in view of
the range of potentiel hazardous incidents?

Are emergency procedures prant:ced periodically?

Does the organisation have eny continuing liaison with the

.
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internal emergency services: fire brigade, police,
ambulance ete. (see: following section for detsil
assessment on emergency planning)?
_ A
After the organisations were rated numerically, they were
categorised as: o =

4 i
25
e

-~ above normal industry standard;
= normal industry standard; or
= below normal industry standard.

As these judgments were determined without due consultation with
the management concerned they should be regarded as indicative
cenly.

Table H-1 in Appendix H presents the results of the
assessment., It is noted that Amoco, H.C. Sleigh, Bayer, Mayne
Nickless and the Totsl oil refinery are industries identified as
major source of hazards in the area and which are also considered
to be below industry standard as to their overall software
safety messures, §L
This would qualitatively add to the overall resultant risks
from these industries as derived by hazard eansalysis techniques.
Most other installations fall within the normal industry
standerd. ICI is considered to be above normal industry standard

in that regard.

A comprehensive analysis in that regard is provided in Appendix
H,

8.2 Adesquacy of organisational safety procedures and emergency
olaniing i

1t is ececnsidered thet, in the case of major hazardous
installations, the control of the plant and its hazards requires
a considerable degree of fermalisation of communications through
written systems and procedures, and standards and codes of
practice. Such practices are designed to encourage, and where
appropriate enforce, collective and personal discipline by the
use of operating metheds which have been carefully thought out
and which contain appropriate levels of checks and counter checks
to obviate problems and reduce errors.

1t is the duty of any organisation operating or involved with
facilities, which could experience potentially hazardous
situations, to draw up its own emergency response procedures.
Companies experienced in dealing with the materials involved are
best able to determine the most appropriate response te an
accident.

However, it has been shown that, of those companies surveged a8
part of this study, not all have regarded emergency planning &s
an essential part of their overall safe operation.
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8.2.1 General pFinsiples
The goels of emergency planning should ensure the:
i) safety of peop}g.- (employees, visitors, residents);

a
i) . protec%i’on of 'f)‘roperty, with minimum loss or damage;
-
iii) isolation, contrpl and remedial action of any hazardous
incident; and

iv) restoration of '_.safe operations with minimum delay.

%

te

While it may be impoussible to prediet all possible emergencies,
or the particular circumstances that may be confronted it is
possible tc anticipate most hazards and how to cope with them.
Emergency Plans must be set down in writing, it is not enough to
heve generalised plans, as each aspect of the emergency response
must be precise and Specific. Therefore priorities must be
assigned for each potential risk, with greater emphasis being
placed on the most probable hazards. "

8.2.2 Bssential elements of en emergency plen and assessment
criteria -

The following general criteria have been adopted for assessing
emergency procedures:

i) statement of policy;
ii) description of potential hazards and risk assessment;

iii) description of the facility, including size, construction,
location, access roads or other means of transportation,
entry points, hours of operation, number of personnel on
hand at each . shift or stage of operation utility corridors
and site layout plan;

iv) emergency organisation, showing the chain of command,
responsibilities of each position and provisions jor out- of
normal operating hours emergencies;

v) emergency facilities including ecommand centre, evacuation
routes, assembly points, communication and alarm systems and
their locations;

vi) emergency equipment and supplies including medical and first
aid, fire fighting equipment, salvage equipment, food and
water supplies and their locations;

vii) details of any mutual Aid Agreements or co-ordinated
procedures with adjacent compsanies;

viii)list of outside agencies and emérgency phone numbers;

£

ix) shutdown procedures;
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%) physical security proceduras;

xi} evacuation procedures;
]
«ii} provizions for the regular iestmg, monitoring and updating
of emergency; pmcef‘u‘es-

xiii)other r%‘ﬂiatéd items applicable to the specific organisation.

The Department Iin "consultation with the Botany Bay
Hazerd/Emergency Sub-committee has formulated specific guidelines
tc be implemented by industry in the preparation of internsl
emergency procedures. A copy of the recommended guidelines is
presented as Appendix I"to this report. A step by step
organisational chart is presented in Figure 32.

8.2.3 Assessment of internal emergency plans

On the basis of recognised general principles and essential
elements in emergency planning as outlined above, an assessment
was made of fourteen emergency plans and procedures for
industries in the study ares.

z
Table 21 presents an overview of the general level of adequacy of
the existing provisions of these industries.,

Reference is also made to Appendix H in that regard.

8.2.4 Overall assessment of internal emergency plans

A review of emergency plans submitted shows that the extent to
which industries are prepared to take responsibility for safety
and emergency provisions veries considerably: some have seen it
as a non-essential component of their operations, while others
may be aware of the necessity, but have not formalised
ecmprehensive procedures.

The majority of the plans inciude only generalised procedures
without reference to specific incidents which would be highly
probable for certain chemical installations. This factor,
together with the lack of provision for the role of external
emergency services in the event of an incident, have in the past
hindered the co-ordinated control of an incident. Unless the
company- knows exactly how best to minimise or contain the
incident and can provide technieal expertise tc assist the
emergency services, only cenfusion and panie will resuit,

[‘-"i'aqy companies feel that they can provide for and contain any
eventuslity with interaasl resourees and have delayed calling in
=:»ms:d;e reinforcements until more damage has been done than

Necessary.

Only & few industries detail safe and salternative evacuation
routes and assembly areas for their employees. While it is the
rcle of the police to evecuate all people in the emergency
situation, they cannot be expected to know the safest routes
within the plant boundaries.
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A number of companies ‘do have regular training sessions to test
emergency provisions and involve external emergency services on
occasions. However, for a ?ew any written emergency procedures
remeain entirely paper . plans, with Ilittle incentive or
requlremen% to updﬁte.

in e few s;..aatlons, internal communication systems have
introduced serlous;delay factors by reporting through
hierarchical chains of command without first notifying the
Emergency Serviees‘gn 000 for immediate assistance.

Procedures for terminating an emergency situation and the
resumption to normeai~operatons are often neglected. A co-
ordinated approach .involving company representatives and
emergency service personnel needs to be formﬂ'ised so that
management staff and the community need not be subject to imposed
restraints longer than necessary.

8.2.5 Mﬂmmammmmm&m
The Police "C" Distriet Counter Disaster Plap is the only

existing plan that provxdes for emergencies in the study area.
"C" District Plan i§ responsible for the area within the Local
Government boundaries of Woollahra, Waverley, Randwick, Botany
and South Sydney as well as the whole of the waterways of Botany

Bay.

The Police Plan states that the police are in complete command in
all emergency and disaster situations with the exception of fire,
bushfire and floods and that they have a statutory obligation at
all times to protect life and property. It is therefore the
responsibility of the Police Controller to take control by
co-ordinating with other essential and relevant authorities and

directing the entire disaster operation.

The roles and responsibilities of the Healith Department, State
Emergenecy Services, Fire Brigade, Metropolitan Water Sewerage and
Drainage Board and the Maritime Services Board are briefly
outlined in this Plan. There is, however, a lack of a co-
ordinated response to involve ali these organisations.

Specific sub-plans for potentially disastrous situations have
been referred to for the following locations:

Kingsford-Smith International and Domestie Airport
. H.M. Prison, Long Bay
I.C.I. Chemical Manufacturing Plant at Boieny Bay

The Caltex, Amoco, Golden Fleece oil storage terminals
situated at Banksmeadow, Botany, Hillsdale, respectively,
and the Total Oil Refinery at Matraville
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The specific sub- p’:lang, as they relate to chemical and
petro-chemical installations- in the Industrial Area, deal only
with the desngnatlon of emergency vehicle routes for access to
the two hospitals in the area }and the manning of control points
at street intersections along the way. No deteailed procedures
are specified r dealmg with causes or incidents other than
fires at\ihese a‘nts. .

In the event of a firejat any of these installations the Fire
Brigade would take icommand. No indication is given on how

differently fires in chemical/petrochemical installations would
be treated from a fire in Long Bay Gaol, for example. It is
presumed that the measures, specified are adequate to deal with
all contingencies even ~though leaks, spills or the release of
toxie vapours would require entirely different methods of
contamment, specialist equnpment and technical advfce, not to
mention the degree of urgency in the response.

'"'Many other installations within the "C" District ‘Plan can be

regarded as potentially hazardous, for whieh specialised
contingency and counter disaster plans would be required. If
these counter emergency measures are to be at all effective then
these other facilitEes should be included along wnth the
appropriate specialised level of response.

As it is stated at the outset that the police would take control
in all situations other than fires, it is unclear how they would
deal with explosions (or potential explosions), toxic leaks or
spills either of chemicals or oil, and what mechanism exists to
lisise with the technical experts.

The Counter Disaster Plan for the Port Area meakes no provision
for dealing with an emergency which could spread from one
hazardous source to another and provides no indication as to
whether existing resources could combine to contain such a
situation. It should be pointed out that if a situation
escalated beyond the normal resources that would be employed in
an emergency situation, then a state of emergency would be
declared by the Governor, and the Controller, State Emergency
Services would taken immediate control. .

Again the question is asked - if sueh a situation did ocecur,
would the State Emergency Services be able to gather the
necessary technical expertise to contain such an incident and how
would that be achieved with the minimum of delay? It is doubtful
that the state Emergency Services Counter Disaster Plan and
Sub-Plans deal with this specifically.

More importantly the Police "C" District Plan does not provide
for a co-ordinated specialised counter disaster response for

this area.
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The only other countef disester plan which relates to waters of
Botany Bay is the Maritime - Services Boards Marine Counter
Disaster Plan (M.A.R.D.A.B.).  The stated aim of this plan is to
establish an organisational capabiility to combat marine disasters

caused by: ¢ e %
| S
(a) natural phenomenon, i.e. storms, tempest with eccompanying
wave #ction oresssociated with cyclonic disturbances; and
t

(b) human ageney;’ i.e. explosion, stranding, collision,
floundering or fire on board vessels.

Should an emergency, of ény «of the types listed above, occur
while a tanker is berthe@ at Port Botany and the mishap
spread to the wharf or shore establishments, then the Pqlice "C"
District counter disaster plan would be implemented. However,
precise procedures for such an emergency are not detailed.

An assessment of all existing Fegulations and controls indicates’
that no legislation exists which, wouldirequire industry to
prepare emergency plans that could be activated in times of a
major incident or emergeney.

8.3 Assessment of safety recgulatory contrels

Traditionally, local ecouncils have been responsible for the
control of land use. Various provisions under the Environmental
Planning and Assessment Act now allow for a broader State
overview when considering certain hazardous industrial

developments.

To date, however, no formal mechanism exists for the integration
of risk assessment and quantification techniques into the land
use planning process. Instead, greater emphasise has been placed
on the requirements of technical safety codes and standards which
do not fully account for the oversll cumulative risk implications

on land use allocation,

No State, regional nor local environmental policies relevant to
the locational constraints essociated with hazardous
installations have been formulated. The need for such policies

is becoming increasingly apparent.

In addition, the list of activities designated under Schedule 3
of the Environmental Planning and Assessment Regulation does not
account for hazardous plants and processes. The Schedule should
be amended to incorporate such activities, a listing of which is
suggested in Table 14. Requirements for {ormal hazard analysis
and operability studies should be legislated for under the

Regulations as applicable.

With regard to the Dangerous Goods Act and Regulations, the
provisions are more concerned with standards than with broader
environmental and societal sefety issues. Safety distances for
the siting of tanks and vessels containing potentially hazardous
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material sre comiderec in iselation with limited recognition of

land use implications. Appendix D discusses the Act and relevant
stendard requirements,

Becauge industries are requireé to supply to the Department of
Industrial Relegions detsils of dangerous goods, namely
guantities a:;g classes both stored and handled, on an annual
basis &s part of th‘é"lwensmg requirements, the Department is in
an excellent position to formulate a total picture of the safety
levels for any given srea. The Department, however, uses this
information more as a control on individual industries to see
that they do not exceed the quantities for which they are
licensed. In addition, the Department's requirements do not seem
to extend to processing situations, in many cases more relevant
than storage facilities from a hazard viewpeint.

If the Department of Industrial Relations were able, through new
legislations and an extended level of technical expertise to deal
with overall safety levels for the whole site, they would be in
an ideal position to request from eech industry that detailed
hazard and operability studies be underteken, monitored and
updated as part of annual licensing arrangements. This
information could then be used to assess the combined safety and
risk levels for & given area, which in turn could be used by
various authorities and residents in taking appropriate action.
It is not suggested thet residents be given a mass of techrical
information to interpret or misinterpret, but that it should be
transliated and be made aveailable in an understandable format from
local councils, possibly as part of a section 149 certificate.
The Department of Environment and Planning could assist in
providing technical guidelines in that regard.

There are other uses to which this information can be put.
Those emergency service organisations (e.g. Police, Police
Rescue, Fire Commissioners, Ambulance and State Emergency
Services) who are involved in counter-disaster planning could
well be served by being familiar with the type and the extent of
hazardous goods being stored and processed, as well as knowing
the location, should a major incident occur. These bodies must
be able to respond appropnately to the different reactions which
could be caused by various incidents and be well prepared for any
cumulative impact. Given this information, emergency service
organisetions would be in a better position to formulste more
appropriate counter-disaster plans which would better serve the
eommunity than the generalised plans which are currently deemed
to cover all likely outcomes from natural disasters, to
mechanical, chemical and man made incidents.

Of particular relevance are inadequacies of existing safgty
stendards to fully account for cumulative risk impacts, risk
quantmcatwn end landé use implications. There is a pressing
need for a comprehensive review of the standards in that regard
or, alternatively, for new safety standerds to be formulated by
an independent body.
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A case in hand ds ;that of L.P. Gas storage and distribution
terminals. As indiceted.in Appendix D, in deciding on the safety
locational aspects of such installations, the Australien L.P.
Gas Code (referred to“as A}S 1596-1979) is usually applied without
due consideration to the extent and nature of surrounding land
uses nor to the cumulative risk implications of the installation
in question.f = =

S

For installations wit_tg any number of storage vessels, each not
exceeding 3-5 .tonnes (typical of local service station), the
separation distance specified by the code is in the range 8-10m
(could be smaller in certain circumstances) to "orotected works"

which in¢lude residential _and public institutions land uses. For

larger distribution _centres, with storage vessels each not
exceeding 250 tonnes, .the.relevant separation distance is 45m.
pi

Table 15 compares the hazard range to people from;.‘*"fire mishap at
any one storage vessel with equivalent code requirements. Hazard
distances indicated in the. table have been extensively researched
and calibrated to "actuel" mishap conditions by several overseas
organisations and are based™on well established deterministic
methods. At the distances of some 800m (for 250 tonne vessels)
and 150m (for 5 tonne vessels), extensive injury and possible
fatality to people Would occur should a fire mishap take place.
Should a release of full storage vessel contents occur where
unconfined vapour cloud explosion hazard is a possibility, then
the hazard range to people and buildings could extend to more
than 1,000m for tanks in excess of 200 tonnes, and 300m for
smaller vessels. These distances of impact are to be compared
with the 45m and less than 10m as indicated by the code.

It is also relevant to emphasise that the abovementioned
distances apply to one storage vessel in isolation. Meost storage
and distribution terminals include a number of such vessels and a
consideration of the cumulative risk implications would result in
larger safety separation distances.

WHICH SEPARATION DISTANCES SHOULD ONE ADOPT?

The basis for the distances specified by the code are not clear.
Certainly a risk quantification approach does not apply. It is
now generally recognised that for large installations, the L.P.
Gas Code is not asdequate for land use planning purposes. For
smaller installaticns, a revision of the code's requirements is
certainly warranted.

A comprehensive systematic hazard analysis for the whole
installation would determine quantitatively the most appropriate
separation distances to be implemented.

According to the Europsan approach (mainly U.K. and The
Netherlands), population densities within 1,000m (200 tonne
vessels) and 150m (small service station centres) would be
significantly restricted. Table 16 indicates separation
distances implemented in The Netherlands and applicable
population density limitations. The main emphasis is on

consequences of mishaps.
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In European countries ,'?haiard analysis techniques have been fully
integrated into the land use planning process. The U.K. Health
and Safety Executive, for example, have established formalised
procedures for consultation by} local authorities when housing
developments within 2,000m, from a range of hazardous
installations (ang- vice iyersa) are being proposed. Similar
orgaqisatl%nal.pi'oéedures apply in The Netherlands, with the
exception that safety distance requirements are much longer in
view of past incidents experienced in that country, particularly
for L.P. Gas installation.

By comparison, Australian standards do not recognise hazard
analysis nor hazard and' operability principles. An overall
review of these standards” should be initiated or alternatively
new standards should be developed as a matter of urgency.

4
In addition to standard requirements, local councils should refer
to hazard quantiication techniques in evaluating proposals for
L.P.G. facilities, including installations for general retail
purposes (e.g. service station outlets). The Department of
Environment and Planning is currently formulating appropriate
guidelines in that regard.
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9.

This section examines fire prevention and protection control
measures at Port Botany. i
£

A similar sssessment<for fhe overall study area is a complex
matter curredtly under further examination. Port Botany was
consideged.to be.a priority area in view of the extensive current
developments occurring at the Port, where detailed assessment
should be directed in the first instance.

9.1 Existi ¢ fi f'_ii'

. & o
A generalised layout for-the water main supply system servicing
Port Botany and its surrounds.is shown in Figure 33(a).
‘{h

This reticulation water system originates from the Potts Hill
Reservoir. The network reduces to a dual mains system in Botany
Road and as far as PenrhynwRoad. As indicated in the figure, the
system includes a single 600mm main along Botany Road and a
dead-end 150mm main which runs to the:end of Military Road (from

Bunnerong Road).

¢
Facilities at the Po& are serviced by a single dead-end 375mm
water main along Friendship Road. The Metropolitan Water
Sewerage and Drainage Board advised that a maximum water rate of
some 120-140 1/sec could be obtained from that main under peak

demand conditions for fire fighting purposes.

Existing fire water and other major appliances at the existing
Port facilities includes:-

~. L. Hyd ! T Al
The terminal accommodates:-

3,000 cubic metres on-site water storage (2 tanks)

Fire pumps with delivery capability of 40G01/sec at 690 kPa
A ring main system, tank water deluge, monitors and hoses

Dry powder extinguishers for LP gas spill fires

T ipals Pty Ltd
This terminal emphsasises foam as the main fire fighting medium.

No water deluge on storage tanks is provided. Water is mainly
used for foam generation and for cooling via hand held hoses.

Facilities provided include:-

400 cubic metres on-site static weater storage (for foam
application)

fire pumps with a supply pressufe capability of 860 kPa
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; on-site foam supply of 3,500 litre bulk storage concentrate,
260 litre foam ecart and 26 x 20 foam concentrate drums for
hydrant usage

2 hoses and pipe conngezors: fer Fire Brigade access

Jt =1

?.D. Oil and Chz
oy v . .

In eddition io foffm generation capability, this faecility provides

for water cooling of ell tanks via & deluge system. Fire

fighting appliences at ths facility inelude:-

& 470 cubic metre on-site static water tank
on-site foam storagéﬂand generation capability

moniters and hand held hoses with provisions for connections
to Fire Brigade appliances,

The company is currently negoiiating with the Board of Fire
Commissioners concerning fire appliances and other requirements
regarding its proposed L.P. gas storage terminal. Facilities
proposed, in principley inciude a deluge system on the loading
bay, monitors and hdses. Dry powder media would alsoc be
provided.

Boral Gas Lid

Although provisions for fire fighting at this proposed L.P. Gas
termingl have not been finalised, it is anticipated that
facilities would include on-site water storage (3,400 cubic
metres preliminary), deluge system on all storage tanks and
loading bay, ring mein, monitors; hoses and dry powder,

9.2 HReguirements of codes and safely standerds regarding fire,

Appendix C outlines the requirements of the reievant standards in
relation to fire prevention end protection measures. The most
relevant espscts include:-

{i} AS 1540 - SAA Flammabls and Combustible Liguids Code

Cooling water should be used where a distance of iess than
‘1.5 tank diameters between storage vessels occurs. At
least 3 hydrants should be provided per installation with
& minimum flow rate of §,3 1/sec at 500 kPa pressure when
eooling or foam gre operating.

Water supply needs to be adequate for 1-1/2 hours, for the

3

largest foam supply requirements.




B R

(ii)

(iii)

...?3._

& i
The L.P.G¥ Code

In relation to L.P.G. storage facilities in excess of 250t
storage capacity a} static supply of 3 hours duration
should be prouded ghould town's mains be insufficient and
for 1.5 hougs duration if the town's msain supply ecan
prov e adequate replenishment.

'I‘he basm of ‘Water supply ecalculation according to the
standard- 1s: 7

2 10 L/m 2/mm to cover the surface area of the tank;

. 3 storagef‘fa’nl;:s coverage in the case of multiple tank
instellations. ~ =

. Fixed water sprays and/or fixed monitoi'fs.

The NFPA codes for L.P.G. and flammable and combustible
liquids (NFPA 58 and NFPA 30 respectively) provide general
guidelines bidt do not specify a particular methodology for
fire water Fequnrements. The codes indicate that fire
water requirements should be based on "hazards of
operation or exposure" on a case by case basis.

9.3 Assessment

For the purpose of this assessment, standard requirements were
adopted as a guide only. Reliance was primarily placed on the
results of hazard analysis considerations in relation to heat
flux as presented in sections (4) and (5) of this report,

The following minimum fire water requirements, on a company by
company basis, has been estimated:

* (i) ICl1 - Hydrocarbons Storage Terminal
Plant item System Emumm
(1/s}
Propane tank Deluge 13C
Butane tank Deluge 63
Ethylene tank Deluge 47
Process aresa Deluge 40
Pipe intersection Monitor/hoses 40
Other Monitor/hoses _8G
Total 400

Time water available at maximum replenishment rate of 128 1/s
(static water storasge is 3,000m3) = 3 hours end thereafter
only 120 i/s available. *
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Plant item System Required water rate
Ty (1/s)
Storage tank (largest)  Foam= 33
Storage tanks gffected
(:6) o~ Hoses (8) 112
Loading bay, oth&t J
plant areas .. Foam/hoses 40

Total 185 1/

Time water aveilable aj...mdiimum replenishment rate of 120 1/s
(static water storage is 400m3) = 1.7 hours and thereafter

only 120 1/s aveilable. *

*(iii) LD._Qmem_th_mmal_Stmzs (m.clndmz_mnmss_d
L..R._G._mmnnl)

Plant item System

. (1/s)
_ - §

Loading bays Y peluge 42

Storage tanks - Deluge 130

Storage tank Foam 10.4

Loading bey/pipes Monitor/hoses 60-120

Other plant areas Hoses (4) __ 64

Total  _300-360

Time available for fire water supply at maximum replenishment
rate of 120 1/s (static water storage is 470m3) = 3/4 hr to 1/2
hr and htereafter only 120 l/s available.

Note: Discussions are still proceeding as to the final on-site
fire water storage capacity at this terminal.

*(iv) Proposed Boral L.P.G.Terminal

The following assessment is based on the proposed 4500 t:ferminal

as described in the company's EIS.

Plant item Sysiem Water rate reguired
(1/s)
Storage vessels (6) Deluge 555
Loading bay/pipeline/ Deluge/monitors/ 126
other plant areas hoses e
Total  §81
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Time available fdéryfige water supply at maximum replenishment
rate of 120 1/s (perosed static on site water storage is
3400m 3) = 1.68 hrs.

The following table summlu-ises the duration of fire water
available at each insfallaﬁ-on at the Port when considered in
isolation (i. ej",,_no corcurrent water demand). The estimations
are bﬂéﬂd‘_ on the existing water supply rate of 120 1/s and
existing (or prﬁﬁosed) static on site water storage available at
each installation._ i f

f

Installation i Time water is available

©y , ai the required rate
ICI Hydrocarbons storage 3 hrs
Terminals ' 1.5 #
PD Oil and Chemical storage 0.5 to 0.757
Boral 1.7 hrs.

The time periods indicatéd above would significantly reduce
should concurrent demand occur at two or more installations,
likely situation should a f{ire occur. The results of this
assessment indicate ,that for presently operating facilities fire
water main supply ision the borderline of acceptability. For any
additional facilities of the type proposed at the Port, the water
supply system is certainly inadequate to provide acceptable
protection.

A combination of adequate on-site fire water storage and of
reliable main supply in enough quantity is considered essential
prior to any additional installations at the Port becoming
operational. A doubling of the existing water rate of supply,
say to 220 1/s - 240 l/s, together with on site water storage to
ensure a minimum of 3 hours coverage should be an adequate
protection, given high levels of safety controls.

Amplification of the existing supply system has been under
consideration for some time by the Maritime Services Board ( MSB)
and the Metropolitan Water Sewerage and Drainage Board (MWS &
DB). Proposals under investigation include a 450mm diameter mein
to be constructed from the intersection of Botany Roead and
Penrhyn Road to the intersection of Friendship and Charlotte
Roads (see Figure 33(b) in the appendix). In addition, & 375mm
watermain extension would be required in Friendship Road from
Charlotte Road to Simblist Road. The length of meins proposed
would approximate 3000 metres and would roughly doubie the
existing water capacity.

Although the proposed scheme would significantly improve fire
water provision in the Port ares, it is suggested that
consideration be given to the alternative system indicated in
figure (33(b). The network suggested presenis a loop ring main
network. In addition to signifieant reliability advantages over
duplicating the existing main along Friendship Road (dead-end),
the proposed network would also impmve fire water requirements
in the Total Oil Refinery area.



9.4 OQreganizationed Srevéntion snd protection measures

Adequate provisions for fire water and other media must be
complemented by comprehengive organisationel procedures by
relevant authorities. . .

3 =
4

The Board of Fire Coudimissioners plays a dual role in regard to
counter~¥mergencies snd fire emergency situations, firstly, in
preseribing preveniive measures and fire fighting requirements
under consultation prosedures {Ordinence 70 of the Loesl
Government Act) at the building application stage and secondly in
the direct conteinment and fire fighting once a fire incident has
oceurred.

s

3,

The role of the Boerd at the early stages of development
applications is, however, limited and entirely relies on the
Depertment's forwarding to it detezils of applicatiens and
ensuring that the Board's requirements are met as condition of
planning consent. I could be srgued in that regard that formal
procedures are urgently needed for the Board to be directly
involved with developers at the eerly stage of development
application in order to ensure that fire protection end
prevention measures pre adequately considered as an integrel
part of design. The need for update legislation on this matter
ought to be censidsred.

In most cases, fire water and other preveation and protection
measures are determined solely on the basis of standards and
codes, requirements. As previously indicated, in many instances
standard reguirements do not fully acknowledge cumulative risk
impects nor specialised control techniques implemented as the
result of formel risk quantification, For a situation such as
the study area, it is essential theat, in ail cases, fire fighting
protection and prevention measures be determined on the basis of
deteiled fire studies as an integral part of hazard and
operability investigations, Fire studies, rather than complete
reliance on the requiremenis of codes, are standard procedures
sdopted in most overseas couniries, ‘This principle has been
established for .all facilities at Port Botany and it is essentisal
that a comprehensive review of all fire fighting measures for all
installations in the Boteny/Randwick indusirizl complex be
undertaken on the basis of guantified studies determined from
hazard and operability consideratioas,

Should an emergency situation occur at eny facility in the area,
various fire brigades ars called in depending on the magnitude of
the event and assistance required. Table 17 documents crder of
response of brigade vehicles and wmanning o an emergency
situation zt Port Botany. It @ould be sargued in that regard that
incidents ai the Port or at the industrial complex necessitate
specialised fire fighting technigues end material to efficiently
and rapidly contain the mishap and protect life snd property.

to handie all types of ineidents identified in this study.

<
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of particular*go:i%ern is the lack of a centralised storage
facility in the arem for other fire fighting media such as dry
powder. - Water is mostly used for cooling purposes to prevent
further escalaticn of*® auczdents. However, specialised powder and
foam is the direct fire 'fighting media in most cases. Each
company stores sts;’d‘wn réquirements, which are supplied from the
3M St Marfsgfaclht{es. . Should more be needed, say as the result

" of "an extended duration fire, then supply has to await transport

from St Mérys. The establxshment of a centralised storage
facility for such fire fighting media as a joint industry effort
should be initiated_ in the first instance.

The construction of Simblist’ Road at the Port would improve fire
access to port facilities and is considered essential for further
developments in the grea.

-
4
H
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10.

SUEGESEED.CM&'MMQQNQLQSIQN_AHD_BASE_EQB
RECOMMENDATIONS

Section .5 of this reporf speciflcally section 5.5, indicates
that some 985 dwellmg,s" (or-515 dwellings when excludmg the
impaet from the_Totalioil refinery) are exposed to significant

risks rf.gtenh from the combined hazard impact of
installations in t Bota y/Randwxck industrial complex and to a
lesser extent Port Botan "Significant" refers to being exposed

to fatality risk levels m the range 5-10 chances or more in a
million per person per'year (that is, in the order of 5 to 10
times higher or more than "acceptable" criteria suggested for
similar studies and ten__gtlvely adopted in this study pending
further refinement).

These dwellings are also exposed to excessive probabilities of
significant levels of heat radiation, explosion overpressure and

. toxiecity with serious injury to people end damage to property.
" They have been classified in Figure (30) as primary risk areas
. where remedial measures and controls should be directed in the

first instance. The number of people residing in these areas has
peen estimated at 2,000 (based on an overall occupancy rate for
the Municipalities of @tany and Randwick of 2.0 taken as a guide
from the 1981 census data).

Taeking the exposed population of approximately 2,000 in the
primary risk area as a whole, and based on an "average" fatality
risk level of 8 in a million per person per year, the combined
risk of fatality for this population on average is some 1.6
chances in 100 per year of being killed. The chances for the
population in the affected primary risk area of being seriously
injured and/or property damage occurring approaches 10 chances in
100 per year. (All figures ere average, some people may
experience higher risk levels.)

The contribution of the various companies in the industrial
complex to the overall resultant risk levels has been discussed
in section 5.6 and Appendix H of this report and is indicated
in Figures (29(a) - 29(n)). The most significant installations
exposing residences in primary risk areas are the I.C.IL .Botany
plant, the Total oil refinery at Matraville, A.C. ‘Hatrick
Chemicals, Amoco, H.C. Sleigh and the Bayer plant at Botany.

In the secondary risk areas indicated in Figure (30), overall
risk levels vary, depending on the distance from the complex.
Although these areas are exposed to relatively low risk of
fatality, risk of injury to people and damage to buildings does
exist. Secondary risk areas accommodate extensive residential
and other land uses and adequate evacuation provisions should be
formulated to account for all major types of hazards identified
in this study, namely fire, explosions and release of toxic gas.

The meain contribution to the overall hazard problem in this area
relates basically to technical safety (operational and
organisational) and land use planning considerations.
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The following secti’ogn discusses the implications of this analysis
and suggestis various c&h‘trol options as the basis for specifie
recommendations.

10.1 ’LexzhnmLLmuhnaLmns_nnd_chlml
10.1.1 Iuhnmaﬂ_and_aﬁe_t._sgﬁme_cgnim

(a) me_d_mﬁ'ums_,b.y_m_dns.tu The Department's risk
assessment study for installations in this area assumes various
probability factors based on a high level of control. It is of
utmost importance that those industries, identified as being
significant contributors: to overall risk in the area, immediately
initiate their own haza,r_d énd operability and hazard analysis
studies and present their findings to the Department.
Specifically, the following industries should undertake these
studies as a matter of urgency:-

= (1) Total Oil Refinery, H.C. Sleigh, Amoco, A.C. Hatrick,

Bayer, BP, Total Distribution, La Porte, Ligquid Air,
Collie, APM, Bulk Liquid. Berth ‘at Port Botany, over&ll
shipping activities in Port Botany.

(ii) Hazard Analysiiv Studies have been already undertaken or
required under conditions of development consent from
P.D. Oils and Chemicsals Storage, Terminals Pty Ltd, Boral
Gas Ltd, Caltex, L.C.I.

This option is of prime significance to overall technical hazard
control.

(b) Overall review o

measures. It was apperent from this assessment that a number of
organisations have not been upgrading the protective systems of
their existing facilities in line with the increasing overseas
understanding of, and standards for, technical safety.

Where the public has been assessed as being at risk from such
facilities, then one option which should be pursued vigorously is
upgrading of the protective systems.,

e
a7
a

Typical systems are:

= flammable or toxic ges detectors and aslarms, and remotely
operated isolation valves

- other forms of leak detection
“ remotely operated isoclation valves

. provision of steam or water curtains to assist in gas
dispersion

B passive fire-proof insulation on. eritical structures and
vessels
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- selective use of fu@ed sprinkler systems, with facilities
for induction of a fllm—formmg foam where hydrocarbon
spills are the major risks \

C automatic shutdown..systems for processes, initiated by
serious dewgtlons fl;ﬁm ncrmal process conditions

- 'mair;\?énance and audi}ing

Those installations fidéntified in (i) above should lmmedmteiy
initiate an overall reassessment of their safety provisions in
light of their hazard and operability investigations and hazard
analysis results. In addltnon,*comprehenswe monitoring systems
are seriously lacking m the area and should be given high
priority. .

(e) Fire protection and prevention. Specifically, a‘fn overall
review of fire fighting facilities and appliances in the llght
of such hazard 1nvest1gatlons by each company identified in
section (i) above should be undertaken.* An overall review of
fire protection and prevention facilities and practices in the
area, particularly Port, Botany, is urgently needed. Section 8
and Appendix H of this Treport set the basic requirements for fire
fighting measures to be implemented and the inadequacies of the
existing provisions.

10.1.2 Statutory and organisationel control
(a) State Fnvironmental Policies and Guidelines: In order to

mitigate and prevent future problems, appropriate State/regional
environmental policies should be formulated and implemented
regarding the location of hazardous industry, and to include the
requirements for hazard analysis, ete. Locational requirements
for residential land uses in the vieinity of hazardous industries
should also be instituted in line with overseas planning
practices.

Guidelines for risk analysis studies, in the land use planning
context, together with relevant criteria and assessment
procedures are urgently needed. Immediate guidelines for the
location of L.P.G. installations, including those at the’ retail
distribution level should be formulated by the Department and
implemented by local councils.

(b) Amendments to designated developments and assessment
procedures The list of designated developments listed in
Schedule 3 under the Environmental Planning and Assessment
Regulations is currently being expanded to account for hazardous
installations storing, handling or processing quantities well
below the currently designated quantities. Measures are being
undertaken to ensure that hazard audit and risk assessment
studies are incorporated as standard requirements for
Environmental Impact Statements and assessment whenever

appliceble.

e peCe
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applicable safety siandards.

= Mandatory reqmremenh for the preparation of emergency
plans should be part .of annual licensing provisions for the
handling- stongg and processing of dangerous goods under
.amendments to the Dangerous Goods Act and Regulations.
"N e

= Provisions for the preparation of hazard and operability
studies for-hazardous industries should also be incorporated
as requ:rements of the Dangerous Goods Act.

- Applicable Australian safety standards should accommodate
the requirements for hazard analysis and emergency
procedures. New updated standards should be formulated by
an independent body if necessary. This 1s particularly
‘relevant for the L.P.G. Code, as discussed in'Section 8.3 of
this report. The basis for emendments are detaxled in
Section 8 and Table ‘(15)

- The Botany Bay Hazard/Emergency Sub-committee should oversee
the preparation of the overall emergency plan for the area
by the Policé, Board of Fire Commissioners and State
Emergency Sefvices. All emergency procedures must be
evaluated through that committee. The guidelines indicated
in Appendix I should be uniformally implemented by
industry.

10.2 Land-use planning copfrols

One of the most relevant and effective controls required to deal
with the hazard problems identified in this study relate to land-
use planning in the area.

Although technical and other control measures suggested in the
previous section would significantly reduce the probability of
mishaps and improve the overall risk environment, the extent of
impact and conflicts on land use would still persist.,

In addition, there are economic and technological limitations to
industry of the magnitude present in the area to fully” contammg
the cumulative risk levels within the bounderies of the
industrial complex. Ultimately, planning controls would have to
be implemented in order to effectively complement technical
controls if the the present problems are to be resolved.

Basically two options are available in that regard:

(i) significantly hmltmg any further industrial expansions in
this area and removing the most hazardous processes (i.e.

relocating existing industry);

(ii) controlling any further residential densities end removing
the residentiel areas most affected.

4
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In relation to optioﬂng:r,'(iﬁf. above, most installations in the area
are well established wfhm -extensive infrastructure provisions.
These installations form an integral part of an industrial
complex of State and nati’ona]}significance and their closure or
relocation is unrealistic. ~The State government (e.g. Sydney
Regional Outline Plan, Dg:i_ift Sydney Regional Environmental Plan -
Botany Bay) is premoting the development of Port Botany and of
the ;Botw&andwﬁyk industrial complex for the purposes of
chemicals/petrochemicals jand related installations, subject to
the most stringent ;safety and environmental controls, in
recognition of the importance of this complex and associated
infrastructure. An example in hand would be the recent I.C.IL
plant expansions at Botany with a capital investment in excess of
$500 million. o

An exception is the Bayer plant at Botany. This plant Was found
to impose excessive risk levels te the surrounding residential
areas. The plant is not directly related to the rest of the
industrial complex and the company should be encouraged to
relocate. ¢

If land use conflicts (present and future) are to be resolved,
the only available ternative option is to significantly
restrict any further®residential and other developments
incompatible with the nature and function of the industrial
complex in risk-affected areas. These areas have been
quantitatively defined in Figure (30) as primary and secondary
risk areas.

As a priority measure it is essential to repeal provisions which
currently allow indiscrimate increase in dwelling densities in
these areas. In addition, industrial developments in these areas
should be restricted to non-hazardous processes or to hazardous
processes where it could be conclusively demonstrated that no
increase in cumulative risk impacts beyond those currently
applicable would result. In all cases, all developments
involving the erection of a building; the carrying out of a work;
or the use of land or of a building or work; or the subdivision
of land within the primary and secondary risk areas will need to
require the consent of the Council (Botany or Randwick as
applicable) and the concurrence of the Director of Environment
and Planning (except where the land is affected by a direction
given under section 101 of the Environmental Planning and
Assessment Act, where development applications are referred to
the Department for the Minister's determination).

Appendix J fully discusses the mechanisms available to
implement such controls and it is suggested that a regional
environmental plan specific to the area would be the most

appropriate course of action.

The practice of restricting developments and particularly
residential densities in proximity to hazardous industrial
installations is a well established planning practice in several
European countries, particularly the UK gnd The Netherlands. The
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UK Health and Safety® Exgcutive, for example, has established
formalised notification/consultation procedures for determining
any residential intensification within 2000m from hazardous
plants. This practice has resul};ed in a significant reduction in
the number of people exposed, to industriel risk, particularly
within the first 12,anm frq‘,‘m the plant.

It is consx?har’“‘d thajethe Department should formulate and publish
guidelines for the location of residential areass in proximity to
hazardous installations! and for the general hazard locational
requnrements for such/ mstallatlons. Specific recommendations
are made in that regard.

i

[ Sl

3 These areas, quantitatively defined in

-Eni.ma.r.v_x
Figure (30) are the most affected by cumulative risk and limiting

residential densities on its own would not resolve long-—term land
use conflicts since existing residences were found to be most at
risk. The ultimate land use in these areas should be, that of a
special open space buffer zéne where activities are strictly"
controlled to non-hazardous and non-sensitive to hazards. This
would exclude residentially zoned land. As previously outlined,
the primary risk area in question includes some 980 dwellings (or
some 500 dwellings wheni{excludmg the impact from the Total oil
refinery).

The contribution of each 1ndustry to residences affected in that
area is as follows:

1.C.1.: 260 dwellings (169
flats, 44 semi-detached, 4T
singles). Total estimated
value: $10,000,000

Amoco: 41 dwellings (11
flats, 4 semi-detached, 26
singles) Total estimated
value: $1,529,000

A.C.Hatrick: 55 single
dwellings. Total estimated &
value: $3,000,000 o

H.C.Sleigh: 202 dwellings
(151 flats, 51 singles) Total

estimated value:: $12,0600,000
to $19,000,000

Total Oil Refinery: 470
dwellings (16 flats, 31 semis
and 423 singles} Total
estimated value: $17,000,000
to $29,000,000.

Excluding the Total oil refinery's impact, the total acquisition
cost would amount to some $30 Million. The feasibility and
implication of such acquisitions should be'immediately
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investigated.  Appendix J provides e suggested mechanism of
implementation. Ultimately, the scguisition of this area for
puffer zone - open space purposes represenis the most effective
meens of control. The exact delinention of these sreas should be
finalised once detailed hazepd snalysis and safely studies by
industry have been cgmpleteds

16.3 Port Bothny

The results of this analysis indicate that existing operating
installations of the Port do not contribute to any risk of
fetality at residential areas. There is, however, some risk of
injury and/or property damage. from overall port hazards,
particularly for toxic gas Telease situations. Overall, no
residential primary risk aress result from existing port
installations.

This study, however, identified certain significaent constraints
on future land use allocation on vacant lends at the Port. The
site of the proposed Boral L.P.G. installation is particularly
sensitive from e hazard viewpoint and the use of a mounded
storage would ensure & low risk interaction with adjacent
existing facilities., i

A

The lands previously allocated by the Simblist Inquiry (see
figure 34) for the purposes of dry bulk/possible coal loader is,
from a safety viewpoint, most suited for LP Gas and other
flammable gases {liquified) and bulk liguid chemical storage.

The currently vacant lands nominated as Womeai Reserve iz in a
relatively high risk erea for open space use. These lands do not
in practice act as a buffer zone and could be usefully allocated
for bulk liquid chemical storage, subject to stringent
environmental and safety controils. The same comments would also
apply to vacant lands west of Womeai Reserve with the exception
that the type of bulk liquids be selected to least hazerdous,

rigure (34) suggests a land use reallocation scheme for vacant
1ands at Pori Botany in line with the results of this study. The
scheme should be the basis of an overall vacant land use
reallocation study for the Port.

As previously discussed, the consiruction of Simbiisi Road with
a junction at Bumboreh Point Road is essential toc oversall
emergency response planning. I addition, Friendship Road should
not be dedicated to Council sand access controlled by the Maritime
services Board. Friendship Hoad is exposed to significant risk
levels and access to the general publie should be restricted.

10.4 Emergeney planning

The resulis of this sssessment regarding emergency planning and
procedures in the area indicate gignificent shortfzlis as to a
specialised co-ordineted response gction and improvements should
be implemented as a matter of urgency. Table 22 provides
specific recommendations in this regard.
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SAFETY, -, 1. Industrlal organisations listed in tables

REVIEW © € 19 and 20 should, in the first instance,

underteke a thorough and detailed review of

fthe safety of the design, physical conditions

‘and operating methods of their plants, to
iHQIIilde:

=

Gy, definition of all possible hazardous

- incidents related to each.significant
inventory of hazardous fMmaterial in
process and/or storage and a

- quantitative assessment .of their risk
impact to neighbouring facilities and
to the gereral public using the
consequence criteria in appendix Gj;
and in accordance with Recommendation
3 below;

s

(ii) identification of the causes of those
incidents as specified in (i) above
annd definition of existing safety
controls and protective measures to
prevent, detect or limit the impact of
those incidents;

(iii) inspection of plants to determine the
physical conditions of the critical
controls and protective systems;

(iv) Identification of deficiencies in the
design and/or physieal conditions
and adequacy of safety controls and
protective systems and comprehensive
formulation of update contrels, as
necessary, and in line with modern
technological practices.

UPDATE QF 2. In consultation with the Department of

SAFETY Environment and Planning and the Department
CONTROLS of Industrial Relations and in the light of
BY INDUSTRY the safety review recommended in (1) above,

industrial organisations listed in Tables 1%
and 20 should prepsre a timetsble and provide
firm commitments for the implementation of
update safety controls and protective
measures, The timetable for the
implementation of safety controls update
should reflect priorities to safety measures
that would most rapidly reduce risk with due
regard for cost effectiveness.
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HAZARD 3. = Sub,sequent toc the formulation of updated
ANALYSIS ‘hazgrd controls and as an integral part of
BY INDUSTRY the implementation process, each of the
AND RISK mdustnal orgamsatlons listed in Tables 19
CRITERIA and 20 shbuld, in liaison with the Department
of Envirgnment and Planning, undertake a
¢ # ha&ard analysis study to quantify cumulative
% © = risk levels for each plant and conclusively
g ™ ~ determine whether the proposed hazard

controls update are sufficient for the safety
bf the public and/or adjacent facilities.

Re'_sultant risk levels should be quantified on
a cumulative basis and be consistent with the
follewing risk criteria (as applicable to the
type. of hazard and when constdered in their
totality): 4

(i) Fatality risk levels at the nearest
residential areas from the plant shall
not exceed. one (1) chance in a
million per person per year

(§i) Incident heat flux radiation and/or
% explosion overpressure (as applicable)
at the nearest residential areas from
the plent shall not exceed 12.6
kW/m#4 and/or 14kPa at frequencies
more than ten (10) chances in a
million per year

(iii) Incident heat flux radiation and/or
explosion overpressure (as applicable)
at the nearest residential areas from
the plant shall not exceed 4.7 kW/m?2
and/or 7kPa at frequencies more than
fifty (50) chances in a million per
year;

(iv) Incident heat flux radiation and/or
explosion overpressure (as
applicable of 23k W/m2 and/ot 14kPa
at maximum frequencies of fifty (50)
chances in & million per year shall be
contained within site boundaries.

(v) Whenever applicable, in-plant accident
propagation potential estimated in
terms of 25xW/m2 and/or 35kPa (as
applicable) shall not exceed levels of
fifty (50) chances in & million per
year.
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In addition to the implementation of safety
contrqls fand protective measures update,
industrial crganisations listed in Tables 19
and 20 should formulate and implement
management styuctures and procedures and
operatmg methods consistent with the level

safetrz reqiired. The adequacy of those
gmcedu s and methods should be evaluated as
part of the hazard analysis requirements
recommer!ded in (3) above.

11.2 Bgm.mmendﬂhﬂus_thﬂ_anuly_to_mjmmham_ua
Wmmw)mmmms_am

CUMULATIVE 5.
RISK

CONTROL FROM
NEW INSTALLA-
TIONS

i
A

Expansngnds to exlstmg processes and/or
storage facilities in the area edged black on
Figure 3 and/or the introduction df new
installations of the type listed in Table 14
in that area_should proceed only when it is
demonstrated” through prellmmary hazard
analysis studies at % the development
application stage that the relevant risk
levelss from the whole plant are consistent
with 2the safety criterie indicated in
Recommendation 3 above.

Any expansions or introduction of new
installations in that area, which have been
approved on that basis should, prior to
commencement of operations, underteke
detailed hazard analysis and hazard and
operability studies as an integral part of
detailed design considerations to ensure
relevant risk levels are contained within
site boundaries.

Specifically, and in addition to significant
upgrading of safety controls at the existing
Total (now Ampol) oil refinery at Matraville
in line with Recommendations 1 to 4
inclusive, no extensions to refining
activities nor additions to stofage
facilities for petroleum and petroleum
derivative products including liquefied
petroleum gas (L.P.G.) should be permitted at
that refinery unless:

(i) Recommendation 5 above is fully
complied with; and

(ii) all L.P.G. and other liquified
flammable gases storage facilities
associated with the refinery are
relocated to the Bunnerong Power
Stetion site.
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HAZARD 7. Anypressurised L.P.G. storage within the
CONTROLS FOR afeafjedged black on Figure 3 should not be
LP GAS permittéd unless:
STORAGE * "
FACILITIES (i)  "Recbmmendation 5 above is fully
_ .« complied with for storage vessels
’ F :.. exceeding 30 tonnes in aggregate

storage capacity;

!

-~(#H) all storages are fully protected
, against mechanical damage, flame
impingement and prolonged exposure to °

" heat radiation with preference given

~to underground or mounded facilities;

(iii)  transfer of L.P.G. into orifrom each
storage vessel does not exceed one
tenth (1/10th) of the vessel storage
cdpacity (per hour) unless it can be
conclysively demonstrated that the
risk “ criteria specified in
Recommendation 3 are fully complied
i_ with and multiple automatiec shut-off
- and other systems are used to prevent
tank overfill and/or leakage from the

transfer pipeline system.

HAZARD 8. As a matter of policy, all industrial

AUDIT organisations currently operating or
proposing to operate in the area edged black
on Figure 3 should underteke comprehensive
annual hazard audit for their whole
installation with special emphasis on those
parts of their operations with a potential
for major hazards. In all cases annual
hazard audits should be based on the
principles specified in Recommendation 1.
Modifications to plant and equipment should :
include a critical safety analysis by way of
hazard and operability investigations or
other methods of detailed safety review.

ACCIDENTS 9. Industrial organisations currently operating

RECORDING or proposing to operate in the area edged 3
AND black or Figure 3, should formulate and i
INVESTIGA- implement formal organisational procedures
TIONS for recording and analysing hazardous

incidents and atypical occurrences which
could have resulted in a hazardous incident.
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Industnal organisations listed in Tables 18
{ind 20 should undertake an overall fire study
based on the safety review the principles of
which are specified in Recemmendation 1 and
to inclg:der

A1) *an overall review of fire fighting
< protection and prevention meeasures at

each instellation identified, with
i specific emphasis on fire (fighting
- media appliances and practices;

"E(ii) flammable and/or toxic gas detectors
g and alarms and other forms of leak
gpone detection;

(iii)  provision of steam or Water curtains
to assist in gas dispersion;

(iv) . passive fireproof 'insulation on
eritical structures vessels eand
sénsitive plant items; and

¢ (v) selective use of fixed sprinkler

¥ system with facilities for induction
of a film-forming foam where
hydrocarbon spills are the major
‘risks.

Implementation of the results of fire studies
and update of existing fire protection and
prevention facilities in line with the
considerations outlined above are urgently
recommended as a matter of priority for all
installations listed in Tables 19 and 20,

The subject investigations and implementation
measures are to be undertaken in ligison with
and to the satisfaction of the Department of
Environment and Planning and of the Board of
Fire Commissioners. =
Industrial organisations listed in Table 21
should, as a matter of priority, formulate or
update (as applicable) their internal
emergency procedures with the view of
formulating an overall emergency plan of
action for the whole insteilation.

In all cases, emergency procedures for each
installation are to be:

(i) in accordance with the Emergency
Procedures Guidelines published by
the Botany Bay Hazard/Emergency
Committee;
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{il}  po-ordineted with adjacent [acilities

“ %o reflect the nature and extent of

hezsards present &t those neighbouring
ingtailations;

{iii) formulsted eand implemented as to
refleet the hazaprds of their
operations &s determined by the safety

- review specified in Recommendation 1
and by detailed hazsrd anslysis as set
out in Recommendation (3}.

Copies of all such procedures should be
lodged with the Department of Environment and
Planning™ for eccess by the Botany Bay
Hazard/Emergency Sub-Commitiee.

The Department of Environment and Planning
should initiate and promote discussions
amongst all operating companies in the study
area, particularly those listed in Table 21,
with the aim of establishing, on an on-going
basis, an industrial mutual 2id group in the
area. ) The main functions of this mutual aid
group ‘would include:

(i) improving understending of the nature
of hazardous incidents which could
occur in the area and of the
appropriate emergency responses;

(ii) improving awareness of the nature of
specialist emergency and fire fighting
facilities which could be avaiiable
from other industries, and of possibie
benefits of standerdisation in some
fields;

(iii) exchange of information on mitigating
measures for the avoidance and esontrol
of hazardous incidents and emergencies
and formulation of standards; '

(iv)  co-ordination of industry's emergenecy
procedures with those adopted by
relevant state emergency organisations
including the Police, the Board of
Fire Commissioners and State Emergency

Services;
{v) the dissemination of relevant safety
information to local nei

e
the genersl public in the ¢
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11.3 Recommendations that relate o land use controls and
planpning™ ¥

LAND USE 13. The l%epartment of Environment end Planning
CONTROLS shoul iti i ction to ensure

PRIMARY =thatsthe following land use planning controls
AND ¥ #in the area identified on Figure 35 are
M{ implemented:

il SN €] no intensification of residential

developments within the areas referred
to as "Primary" and "Secondary" Risk
= areas to be allowed without the

consent of Botany or Randwick Councils
s (as applicable) and the concurrence
‘ of the Director of Environment and
Planning except where the land is
affected by & direction under section
101 of the Environmentel Planning and
~Assessment Act;

(ii) generally, all development invelving
the erection of a building, the
carrying out of a work or the use of
land or of a building or work, or the
subdivision of lands within the aresas
referred to as "Primary and Secondary™
risk areas should require the
concurrence of the Director of
Environment and Planning;

R

(iii) repeal provisions which increase
residential dwelling density within
the areas referred to as "Primary and
Secondary" risk areas. The aim of any
rezoning should be to expose fewer
people to potential hazards than would
result from a residential development;

(iv)  all lands within the area edged black
on Figure 3 should be covered by &
direction under section 101 of the
Environmental Planning and Assessment
Act. The provisions of Recommendation
5  should apply te any
intensification of industrial
developments in that area.

It is recommended that the Department
initiate a Regional Environmental Plan, the
basis of which is outlined in Appendix J by
way of implementing the planning control
provisiocns outlined above.

AT TR ek e
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contpol measures and the results of
detailed “hazard analysis for those industrial
organisations listed in Tables 19 and 20 and
in accordapce with Recommendations 1 to 4
incil_.lllsive indicate the relevant risk ecriteria
are ;hot contained within the boundaries of
the industrial complex, then the Department
and Planning should
investigate and implement in liaison with the
_ organisations concerned an
acquisition program for all properties within
which the assessed risk levels exceed the
Department of Environment and Planning's
criterfa, Table Hl to be used as a guide
identifies~ the risk contribution from each
industry to residences affected. ;Figure 36
indicates residential lands for asequisition.

The Bayef chemical plant at Botany should be
encouraged to relocate. No extensions at the
plant should be permitted.

The;_ Department of Environment and Planning
in liaison with the Maritime Services Board
should initiate appropriate action for the
implementation of the land use reallocation
scheme for vacant lands at Port Botany.

The Department of Environment and Planning
should formulate and publish locational
guidelines for residential areaes in proximity
to hazardous installations and for the
general hazard locational requirements for
such installations based on hazard analysis
considerations. Relevant State/Regional
environmental planning policies should be
formulated in that regard.

Recommendsations that relate to emergency planning, fire

fighting facilities and action plan by Government -

FIRE AND 18.

EXPLOSION
CONTROLS
BY
GOVERNMENT

An interdepartmental committee comprising
representatives from the Department of
Environment and Planning, the Board of Fire
Commissioners and the Department of
Industrial Relations should be established
with the main objective of formulating and
implementing fire, explosicn and toxic gas
releases prevention and protection measures
for the overall industrial complex, edged
black in Figure 3, to include:
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(gl) & comprehensive assessment of fire
% water adequacy and reliability,
~ specifically for the Botany/Randwick
industrial complex, with the aim of
improving fire fighting provisions in

il _the area;
1ii)  an overall review of organisational
fire fighting services including
4 specialised eppliances and

L effectiveness of response;

(iii) the feasibility of establishing a
R specialised fire brigade station in
~= the areea with specific
-responsibilities for the provision and
co-ordination of f"pecialised
equipment, training, appliances and
manpower to cope with all types of
-+ hazards identified in this study;

(iv) an“overall review of all relevant fire
prevention and protection standard

i’ "~ .requirements to ensure compliance with

hazard analysis and hazard and
operability studies principles and to
refleect the locational safety
constraints of the study area; and

(v) initiate discussions with and among
operating industrial organisations in
the area with the view of establishing
a centralised storage area for
specialised foam and dry powder fire
fighting media of adequate capacity.

The Botany Bay Hazard/Emergency
Sub-Committee should appoint a working party
to include representatives from the
Department of Environment and Planning, the
Police Department, the Board of Fire
Commissioners and industry represeritatives to
formulate and implement an overall
emergency/counter diaster plan for all the
hatched area indicated on Figure 30. The
plan should form & master co-ordinated
emergency and evacuation action plan for the
area with specific emphasis on:

(i} significantly updeting and co-
ordinating the Police 'C' District
plan and the Maritime Services Board's
MARDAP plan to inelude 2ll types and
extent of possible fires, explosions
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,and foxic ges releases as identified

# . in the risk assessment study for the
“ Botany/Randwick industrial complex and
Port Botany;

1
{ii) the formulation of comprehensive
Z.specific emergency and evacustion
“” procedures that closely relate to the
findings of the study referred to in
{i) eabove. The whole plan should be
besed on the findings of that study;

(iii)  the formulation and publication of an
outline emergency action plan booklet
Ador local councils, industry and the
general public in the aresg;

{iv)  clearly specifying and agreeing on the
specific role of each organisation
invoived in the implementation of
emergency and evacuation procedures
under various postulated conditions
as nomineted in the risk assessment

: study for the area;

{v) clearly end specificaily nominating
access evacuation routes, e¢onirol
peints, manpower and appliances
requirements ss well as community
health and other services aveilabilify
and adequacy.

The plan must be fully eo-ordinated and
integrated with industry's emergenecy
procedures through the mutual aid group
recommended in item 12.

The construction of Simblist REeed to improve
emergency saccess at Port Botany and the
upgrading of the f{ire water main supply at
the port to a doubling of the existing
capecity should be impiemented prior to any
additional facilities becoming operational in
the pori ares.

The Maritime Services Board, in liaison with
the Department of Environment and Planning
and operating companies at the Port, should
initiate deteiled investigations with the
view ofs

{i} - upgrading {ire protection and
nrevention measures &t the bulk
tiguids whar! with special emphasis on
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the provision of adequate quantities
i and means of epplication of foam and
~ dry powder for spill fires;

(ii) provisions of adequate measures for

il .detecting and isolating pipeline

;5‘ leaks from the pipeline corrider such

that such leaks are isclated from the

inventories other than the line

1 contents within three (3) minutes of
, the start of the leak;

tiii) formulating and implementing an
i ,.overall and comprehensive security

~ management plan for Port Botany aiming
s -at ensuring strict control access to
general Port areas for any member of
the general public, specifically the
retention of Friendship Road as a

“ private road with upgraded security
arrangements;

(iv) formulating and implementing a

g_ comprehensive shipping hazards plan

for Botany Bay, besed on hazard
enalysis considerations with the main
aim of specifying shipping routes and
hours of operation and designating an
exclusion controlled zone for general
maritime vessels in line with overseas
prectice.

The Department of Environment and Planning
should, in liaison with the New South Wales
Traffic Authority and local councils,
formulate and implement a route network for
dangerous goods road tankers. The route
network should be based on:

(i) traffic and roed capacity/level of
service considerations; "

{ii) land use implications with particular
emphasis on safety constraints and
impacts based on comprehensive hazard
analysis considerations;

(iii) transportation economies and
operators' requirements.

The list of designated developments under the
Environmental Planning and Assessment Act
Regulations should include hazardous
installations storing, handling and/or
processing hazardous material in the maximum
quantities specjfied in Table 14. Hazard



-~ 98 -

audit "and [risk @ssessment studies should be
incorporated .as standard requirements for
environmentel impacet statements and
assessment as appliea%ie.

AMENDMENTS 24. The Dang‘brouﬂ' Goeds Aet and current
TO SAFETY Alistralian“sefety standards should be amended
STANDARDS s '~ to igelude:

(i) mandatory requirements for the
sreparation of emergency procedures &s
part of annual licensing provisions
for the handling, processing and/or
storage of dangerous goods;

(ii} previsions for the prepsaration of
hazard and operability investigations
as a requirement of the Act;

(iii)  hszard %n&iysis 83 & requirement of
Australien sefety standards
particularly the L.P.G. Code.

ENVIRONMENTAL 25. Establi'ihment of an Envirenmental Risk
RISK Council, under section 22 of the
COQUNCIL Environmental Plenning and Assessment Act -

a) to consider and recommend to the
Minister a new Act or regulation, or the
drafting of appropriate amendments to
the Dangerous Goods Aect sand/or
Occupational Health and Safety Act to
require review of all existing
chemicsal/petrochemicsal processing
plants and storage facilities to obtain

(i) a hazard audit of the plant and its
operations, including storage
facilities, plus any necessary hazard
and operability studies;

{ii) en overall safety update;, on
direction, of those facilities
identified in Tables 19 and 20;

(ii1) necessary powers of implementation,
including the ability to require
contribution towards acquiring
properties significently st risk from
identified plants;
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b) to bversee the implementation of the
re_comﬁlendations of this report with
particular emphasis on any land-use
J.,gontr_gl measures in the areas affected

[ #{including as a last resort, measures to

) ’ acquire those properties where high risk

SN e remains in spite of updating of safety
¢ontrols at the plants);

i
t
e} 7 to initiate an overall co-ordinated
.mechanism for the integration and
‘implementation of the latest
4developments in industrial safety
eontrols into the overell planning
process. : §
The recommended membership structure of the Councjl is:
% ‘
. Department of Environment and:Planning
Department of Industrial Relations
Board of Fire* Commissioners

: Police Department

. Botany Municipal Council
: Randwick Municipal Council
: Australian Council of Trade Unions

. ICI Australia Ltd
Australian Gas Light Company
; Shell Australia Ltd (or CSR Ltd)

Australian Chemical Industry Council #

i Independent person with special qualifications
(to be nominated)

SP_EQ]A_LIS_ED 26. A specialised unit should be established with

HAZARD the main functions to include:
ASSESSMENT )

UNIT WITHIN (i) overseeing the implementation of all
DEP recommendations specified in this

report with particular emphasis on
co-ordinating and providing technical
assistance to industry and relevant
Government departments;




(iv)

(v)

(v

H

)

e

stablishing & specialised hazard

S8
classificatiop end notification system
for hapardous installations throughout
‘the Sfate in line with oversesns

practices and requirements;

development and implementation of
sdvancad hezerd analysis and hazard
and operability technigques as an
integral pert of the land use planning
processy

development of an assessment mechanism
ineluding residentisl developments in
proximity to hazardous instsliaticns

and the formulation of relevant

polieies and guidelines;

overall co-ordination of the relevant
statgtory requirements and the
integration of such requirements into
the planning process;

environmental impact assessment of
developments as designated in Table
14.
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Generalized Lo}:ality Map for the Study Area
The Study Ares

Y

fBotany-Fandwick and Port Botany Industrial

Complexes

TeTal Radjiated Heat from Tank Roof fires
Generalized Heat flux separation distances

(stﬁc]& tanks)

Estimated consequence of fireballs heatflux
(Butane)

Unconfined vapour cloud explosions

Hazard rénges for various release rates of Chlorine
General Eayout - ICI pe

General Layout - ESSO

General Layout - AMOCO :
General Layout - H.C. SLEIGH '
General Layout - B.P

General Layout = A.C. HATRICK
General Layout - A,.P.M

Generaé Layout - KELLOGGS

G,

Generaj Layout - CARBA AUSTRALIA
General Layout - JOHNSON & JOHNSON
General Layout - WOOL PROCESSORS
General Layout - BAYER AUSTRALIA
General Layout - TOTAL REFINERY

General Layout - CALTEX
General Layout - LAPORTE
General Layout - LIQUID AIR

C.T.A.L. Container Terminal
A.N,L./C.T.A.L. Container Depot
ICI - LPG and Ethylene terminal
PD OIL & CHEMICAL STORAGE

1

General Layout
General Layout
General Layout
General Layout
Genereal Layout - TERMINAIS

General Leyout - BORAL

Pipeline failure - contributing events

Vessel failure - contributing events

Impacts from Heat Radiation - CALTEX
Fatality Risk levels for million per person = -
CALTEX per year
Impact from Heat Radiation - ESSO

Fatality Risk levels per million per person per
year - ESSO

Impacts from Heat Radiation - BP

Fatality Risk levels for million per person per
year - BP

Impacts from Heat Radiation - TOTAL
Fatality Risk levels per million per person per
year - TOTAL

Impacts from Heat Radiation - H.C. SLEIGH

Fatality Risk levels per million per person per
year - H.C. SLEIGH
Impact from Heat Radiation -~ AMOCO
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Pigure 12(b) Fatality Risk levels per million per person per
: year - AMGCO, ..

Figure 13(a) Imparﬁts from Heat Radiation - PD Oil (Bulk
Liquids}. . i

Figure 13(b) Patality Risk levels per million per person per

. year - PD Oil¥{(Bulk*Liquids).
Figure 13(c) Fatalfty Risk-~tevels per million per person per i
‘y ysar - PD Oil (LPG). i

Figure 13(d) %“reqv.;emy of Exceedmg 4, 7%« W/m2 and TkPa - PD Oil :
LPG :

Figure 13{f) Fatelity Risk levels per million per person per ;
year - PD Oil (combined LPG and bulk liquid) : f

Figure 13(g) Prequency of Exceeding 4.7k W/m2Z and TkPa - PD Oil
{(combined LPG.and bulk liquid)

Figure 13(h) Frequency of Exceeding 23kW/m2Z and 14kPa - PD Oil
(combined LPG and bulk liquid) ®

Figure 14(e) Impscts from Heat Radiation - TERMINALS

Figure 14(b) Fatslity Risk levels per million per person per
year - TERMINAIS.

Figure 15(a) Impacts irom Heat Radiation - ICI, LPG and Ethylene
termineal

Figure 15(b) Fatality Risk levels per million per person per -
ICI, LPG & Ethylene terminal

Figure 16(a) Frequency of Exceeding 4.Tk W/m2 and 7kPa - BORAL

Figure 16(b) Frequency of Exceeding 23k W/m2 and 14kPa - BORAL

Figure 16(e) Fatality Risk levels per million per person per
year - BORAL

Figure 17(a) Frequency of Exceeding 4.7k W/m2 and TkPa. - ICI

Figure 17(b) Fatality Risk levels per million per person per
year - I,C.1

Pigure 18(a) Frequency of Exceeding 4.7k W/m2 and TkPa - TOTAL
REFINERY

Figure 18(b) Fatality Risk levels for million per person per
year - TOTAL REFINERY

Figure 19{(a) Impacts from Heat Radiation - COLLIE

Figure 19(b) Fatelity Risk levels per person per year - COLLIE

Figure 20(2) Impacts from Heat Readiation - A.C. HATRICK

Figure 20(b) Fatality Risk levels per person per year - A.C.
HATRICK

Figure 21(a) Impacts from Heat Radiation - CATOLEUM

Figure 21(b) Fatality Risk levels per million per person per
year - CATOLEUM

Figure 22 Fatality Risk levels per million per person per

' year -~ BAYER

Figure 23{a) Impact of Toxic Gas Release - PD Oil

Figure 23(b) Impact of Toxie Gas Release - TERMINAILS

Figure 23(c¢) Impact of Toxie Gas Release - ICI

Figure 24 Transfer Pipelines in the Study Area -
Port Botany

Figure 25(a) Frequency Exceeding 4.7k W/m*2= and TkPa -
- Port Botany

Figure 25(b) Fatality Risk levels per million per person per
year - Port Botany

Figure 26 Cemposife Fatality Risk Map - Study Area
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Figure 27 Cox‘f:pgﬁ'ite Heat Flux snd Explosion Over pressure -
Study Ares

Pigure 28 Composite Impact of Toxic Gas Releases - Study
Area

Figure 28(a) Risk Areas Classification - AMOCO

Figure 29(b),. Risk %eas Classification - A.C. HATRICK
Figure 28(ef ~Risk Areas Classification - H.C. SLEIGH

‘Figure 29(d) _Risk Areas Classification - ICI

Figure 29(e) Risk Arjeas Classification - TOTAL OIL REFINERY
Figure 29(f) Risk Areas Classification - TOTAL

Pigure 28(g) Risk ﬁeas Clessification - BP ‘
Pigure 29(h) Risk Areas Classification - ESSO

Figure 29(i) Risk Areas Classification - CALTEX

Pigure 29(j) Risk Apess Classification - BAYER

Figure 28(k) Risk Areas Classification - ICI LPG end Ethylene
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Pigure 29(1) Risk Areas Classification - BORAL

Figure 29(m) Risk Areas Classification - PD Oil

Figure 29(n) Risk AreasClassification - TERMINALS

Figure 30 Composite Risk Areas Classification - Study Area

Pigure 3l Past Incidents within the Study Aresa

Rigure 32 Stages in en Emergency Plan

Figure 33 Watet Supply for Port Botany

Figure 34 Reallbcation of Vacant Lands at Port Botany

Figure 35 Recommended area for the control of land-use and
emergency planning due to Hazard Industries

Figure 36 Recommended area for the acquisition of residential

lands
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TABLES

1. Compsanies surveyed within the Study Area
’ =
2. Estgblishment dates of Major Industries
in the Study™Ares

f

3. Probability factors for events,
4. Consequences of Heat Rediation
5. Effects of Explosion Overpressure

6. Effects of Different Concentrations of
Toxie Gases

7. Audit Quantities of Haz‘;érdous Materials

8. Inventory of Hazardous Materials in the
Botany/Rendwick ,Industrial Complex and
Port Botany T

9, The Nature of Hazardous Incidents in
the Study Area

10. Types of Hezards identified by
COMmpany

1i.(a) Consequence Anelysis : Storage Tank
fires

il.{b} Consequence Analysis : LP Gas and
Other Liquified Flammable Gases

1i1.(e)} Consequence Analysis : Toxie
Gas Release

12. Potential for Accident propagation
within faecilities,

13. Review of Becent Hazardous Incidents in
the Study Ares.

14, Hazerdoug Activities to be ‘designated’
by inclusicn in Schedule 3 to the
Environmental Planning and Assessment
Reguintions.

15, LP (3as : Compurisen of Code Reguirements
with Hazard Analysis Considerations
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18.

19.

20.

21.

22.
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Overseas liﬁga%ns on Population
Densities in the Neighbourhood of Small
LP Gas.Storage and Distribution
facilities. * ]

Possible Order of” Fire Brigade
Respons€ to anEmergency Situation

el Bort Botany

Pipelines th}!m tLhe Botany/Randwick
Industrial Comp%ex and Port Botany.

Companies recommended as needing to undertake a
comprehensive sgf..ety review and hazard asudit,

Companies whlch are in need of a detailed fires
safety study. i

Companies which are.n need of undertaking or updating

emergency proeedures in

the study area. N X

Emergency Plagn‘ing Action Requirements.
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ICI Australia Ltd. = Botany (Chemical/Petrochemical)

Esso Austpalia - E}p‘tany (storage terminal)

Amoco Australia - Botany (storage terminal)

H. Tblgh ~Randwick (storage terminal)

B.P. Australia - Bdtany (storage terminal)

Total Dlstrlbutlén - Botany (storage terminal)

A.C. Hatrick -'Botany (Chemicals Manufacturers)

APM - Randwick/Botany (paper mill & reecycling)

Catoleum - Botany {Chemicals Manufacturers)

Kellogg - Botany (Fdod Processors)

Carba - Botany (CO2 processors) -

Johnson & Johnson - Botany (Medical & Hygemc);

Méyne Nickless - Botany (Transport)

Ampol - Botany (Truck Service)

Wool Processors - Botarffy (processors)

Fibre Containers - Randwiek (packaging)

Continental Distilleries - Botany (Distillers)

Bayer - Botany (Chemical blenders & Manufacturers)

Totsl Oil Refinery - Randwick

Caltex - Botany (stcrage terminal)

La Porte Chemicals - Botany (Chemicals Manufacturers)

CIG - Botany (processing & storage)

Liquid Air - Botany (processing & storage)

Collie - Botany (Ink Manfuacturers)

Sea Containers - Botany (Freight Depot)

Davis Gelatine - Botany (processors)

Ready Mix - Botany (concrete batches)

Crest Chemicals - Randwick (Chemical storage/packlng)

Knebel - Botany (kitchen prefabricators)

Shead's Transport - Botany (Transport)

Metal Recyclers - Botany (recyclers)

Cubico - Botany (Freight Depot)

Email - Botany (appliance manufacturers)

Alfe Romeo - Botany (car assembler)

ACI - Botany (insulation materials)

Pulford Compressors - Botany (compressor assemblergj

Transport Services - Botany (Transport)

ANL Port Botany - Botany (container terminal)

CTAL Port Botany - Randwick (container terminal)

ICI Port Botany - Randwick (hydrocarbon storage)

PD Oil & Chemicals Port Botany - Randwick (storage
terminal)

Terminals Pty., Ltd. Port Botany - Randwick (storage
terminal)

Boral - Port Botany - Randwick (proposed LPG storage)

Electricity Commission of N.S.W. Bunnerong power
station - Randwick




Firm Pl_'oduet Establishment

. . Date
_ i
Australian f’éper "*“Paper, cardbeard packaging, 1901
J.Millyg-% R recyeling
Davis Gelatine . | ‘Gelatine products used in 1917
i -, food industries and
i photography
iy
Kellogg ,Ce-rgals 1928
Johnson & Johnson "l;‘h'ar'maceutical, surgical 3 1936
and health aids 7
 Imperial Chemical Carbon bisulphide, J 1942
Industries (I.C.L) polythene 1957,1977,
‘ major extensions- 1979-1982
Crest Chemicals ¢ Industrial chemicals 1943
A.C.Hatrick . formerly Reichold 1949
Industrial Chemicals
Caltex Petroleum terminal 1956
Collie Printers ink and printing 1959
plastic
Total Petroleum refinery 1948
; new refinery plant 1956
H.C.Sleigh Petroleum storage 1958
(formerly Golden major extensions 19717
Fleece, now Caltex)
B.P. Bulk fuel terminal 1960
Amoco Bulk fuel terminal 1961
Catoleum Silico-alumina catalysts 1963
i La Porte Chemicals Industrial chemicals 1963
o (hydrogen peroxides)

Esso Bulk fuel terminal ' 1966
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TABLE (3)

: : rat =
.

Lo
-Feiilure Proba-

bility (in one
million per

Fire Proba-
bility (in one
million per

Toxic Fume

release (in

one million

year per .- year per per year
Item item)—" item) per item)
Storage Vessel 600 1,000 140
(stock tanks) )
%
Drum fill N/A 1,000 N/A
areas, ete. i,
Pressure VYessel 2 1 1
Pressure Vessel 0.1 0.05 0.05
( mounded)
Road tanker 10 2 1.8
Nozzle 0.4 0.02 0.01
Pipeline 6-12 0.20-0.50 0.01-0.1
Pumps:
Seal 5000 50 4
Shaft 200 4 1
Fal
Casing 20 1 0.2

e
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CONSEQUENCES OF HFAT RADIATION
Heat Radiation ‘ } Effect
 (kW/m2) M A
¥ i

EEA

Received from the sun at noon
in summer

i
= - ; )
2.1 b Minimum to cause pain after
% 1 minute
o
4.7 P Will cause pain in 15-20
seconds and injury after
30 seconds exposure (at
. least second degree burns
will occur).
12.6 . 30% chance of fatality for
i. continuous exposure,
High chance of injury.

. Cause the temperature of
wood to & point where it
can be ignited by a 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.

23 . 100% chance of fatality for

continuous exposupé to
people and 10% chance of
fatelity 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 occur.
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Effect

| : g
Heat Radiation .. |
(kW/m2) F
Y % ks
P
35 e A .
> .\T{: .

Cellulosic material will
pilot ignite with;‘n one
minute exposure;

25% chance of ‘fatality if
people are exposed
instantaneously.

60 i’ .

100% chance of fatality
for instantaneous
exposure.
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¢ %  TABLE (5)

¥
EFFECTS OF EXPILOSION OVERPRESSURE (AS ADOPTED IN THIS STUDY)
" i
Explosion Qvernres‘iure ‘-’ Effect
3.5 kPa (0.5 psi)* . 90% glass breakage
Froidrs o o ,
' ; . No fatality and very low
o f 3 probability of injury.
ey
: 7 kPa (1 psi) by . Damage to internal
e partitions and joinery

but can be repaired.

. Probability ot}".injury is
10%. No fatality.

14 kPa (2 psi) . House uninhabitable and
badly cracked.
§
£ : _
21 kPa (3 psi) . . Reinforced structures
distort
. Storage tanks fail
. 20% chance of fatality to
a person in a building.
35 kPa (5 psi) . House uninhabitable
. Wagons and plant items
overturned
. Threshold of eardrum
damage )
df’f
. 50% chance of fatality for
a person in a building and
15% chance of fatality for
a person in the open.
70 kPa (10 psi) . Threshold of lung damage

. 100% chance of fatality for
a person in a building or
in the open.

’ . - Complete demolition of
houses.
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EFFECTS QF DIEFERENT CONCENTRATIONS OF TOXIC GASES

S

Thresheld limit value
Max. concentration for exposure of 15 min.

Level immediately dangerois fo life and
health :

PHOSGENE

Minimum concentration detectable by odour
Maximum concentration for exposure of

15 min. i

Minimum concentration affecting throat

Concentration dangerous for exposure of
1 hour

Concentration rapidly fatal for short
exposure

Concentration capable of causing lung
injury in 2 min.

CHIORINE

Minimum concentration detectable by edour

Maximum concentration inhelable for 1 hr.
without damage

Minimum concentration causing throat
irritation

Minimum concentration causing coughing

Concentration probebly fatal sfter a few
deep bresths

(PPM)

25

50

167

15
30

400~1,000

L3
i
)
3
i
1
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Gas b: 3 Concentration
SULPGUR DIOXIDE s *
Least aﬁ‘hgun-f detegtable by odour 3.5

Least amount causi_ng;imi_hediate throat

irritation 5 8-12
Least amount causing in‘imedi:g_te eye

irritation — 20

Least amount causing ima;édi'ate coughing 20

TN

Maximum allowable for prolonged exposure 20
“

"Maximum allowsble for short (30 min.) .

exposure ‘ + 50-100
Dangerous for even shft exposure 40-500
AMMONIA (PPM)
TLV 25
Concentration detectable by odour 20

Concentration causing severe irritation
of throat, nasal passages and upper
nasal tract 400

Concentration causing severe eye irritation 700

Concentration causing coughing, bronchial
spasms, possibly fatal for exposure of less

than 1-2h 1,700 .
!f'

Concentration causing oedema, strangulation,

asphxia, fatal almost immediately 5,000

HYDROGEN SULPHIDE

TLV 10

Concentration causing slight symptoms after
exposure of several hours 70-150

Maximum concentration inhalable for 1h
without serious effects 170-300

Concentration dangerous for exposure of
1/2-1h 400-700




Group 1 Toxie Substanges . =
£

Phosgene o 2 tonnes 2 tonnes
Chiorine 10 tonnes 2 tonnes
Acrylonitrile 20 tonnes 2 tonnes
Hydrogen cyanide : 20 tonnes Z tonnes
Carbon disulphide -+ 20 tonnes 2 tonnes
Sulphur dioxide 2 20 tonnes 2 tonnes
Bromine & 40 tonnes 2 tonnes
Ammonis _ 100 tonnes 2 tonnes

Texie liguids or gases

likely to be lethal to man

in quantities of less ;

then one milligram t 100 grammes 100 grammes

Toxie solids likely to be
lethal te men in quantities
of less than one milligram
other than theose which are
end which will be maintained
at ambient temperature and

atmospheric pressure 100 grammes 100 grammes

Group 3 Highly Reaciive Substances

Hydrogen Z tonnes 2 tonnes

Ethylene oxide 3 tonnes 1 tonne

Propylene oxide 3 tonnes 1 tonne

Organic peroxides 5 tonnes 5 tonnes

Nitroceliulose compounds 50 tonnes 50 tonnes

Ammonium nitrate 500 tonnes S00 tonnes

Sodium chliorate 500 tonnes 500 tonnes :
Liguid oxygen 1000 tonnes 100 tonnes f

Group 4_Other Substances and Processes I

Flammable gases not specified
in any other group 15 tonnes 15 tonnes

Fismmable liquids ebove their

boiling point {at 1 bar

pressure) and under pressure

greater than 1.34 bar including

flammable gases dissolved under

pressure but not menticned in

any other category. 28 tonnes 20 tonnes




- Jld

v e
Liquified getroleupf gases
sue{cg{!commercial propane
and commerefal butane and .
any mixture ttgefeof.‘. 30 tonnes 20 tonnes

Liquified flammable gases
under refrigeration which
" have a boiling point below
00C at 1 bar pressdre and
are not included in Group » ‘ :
1-3. 50 tonnes # 20 tonnes

Flammable liquids of flash

point less than 21°C not

included in Group 1-3. ALY 10000 tonnes 10000 tonnes
Compound fertilisers 500 tonnes "

Plastic foam _ ' " 500 tonnes *

* Not applicable to this Study.
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K 5?1 ABLE (8)

INVENTORY OF HAZARDOUS MATERIALS IN THE BOTANY/
RANDWICK INDUSTRIAL CQM PLEX AND PORT BOTANY

i 2 %
N <3
COMPANY %™ H&ZARD GROUP MAXIMUM QUANTITIES IN TONNES
3 T IN STORAGE IN PROCESS TOTAL
ESSO Flammable liguids 24,900 - 24,900
,.-l:‘;
AMOCO Flammable liquids 26,900 -;" 26,900
BP Flammabie liquids 10,300 - 10,300
TOTAL DISTRIBUTION Flammable liquids 28,000 = 28,000
H
3
CALTEX Flammable liquids 45,700 = 45,700
TERMINALS Flammable liquids 38,000 = 38,000
& Toxic
P.D. OIL Flammable liquids 32,400 - 32,400
& Toxic
BORAL (proposed) LPG 4,500 - 4,500
LC.l: = Port Liquified flammable 18,000 = 18,000
Botany gases
H.C. SLEIGH Flammable liquids 12,000 - 7 12,000
LAPORTE Flammable liquids 133 80 213
LPG 0.01 0.01
Highly Reactive 60 10 70
A.C. HATRICK Highly Reactive 0.06 0.05 0.11
Toxic Substances 50 24 74
Flammable liquids 2816 = 2816
BAYER Flammable liquids -~ 4500 - 4500
Toxic Substances .




816

500

.....

= 119 =
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COMPANY HAZARD GROUP MAXIMUM QUANTITIES IN TONNES
1-!" 2%
F # IN STORAGE IN PROCESS TOTA L
T e
T o

AUS’PRALLAN PAPER _

i
oxic Substances

: ] 9 14
‘MANUFACTURERS PG 9 - 9’
'Fl&mmable liquids 9 - 9
FIBRE CONTAINERS LPCE 1 0.35 1.35
Flalm’m able liquids 0.1 - 0.1
‘XK ELLOGG Flammable liquids 5 - 5
Liquified" flam mable_ 1 = 1
gases 6
¥
JOHNSON AND Tdxic substances 0.21 0.14 . 0.35
JOH NSON Flammable liquids 14.35 = 14.35
CATOLEUM Toxice 45 = 45
Liquified flammable 2 - 2
gases
Flammable liquids 250 - 250
CARBA Toxie 0 1 T
Highly reactwe 6 = 6
LPG 6 = 6
Flammable liquids 25 - 25
MAYNE NICKLESS Flammable liquids 60 —7 60
Toxie 12 P 12
WOOL PROCESSORS Highly reactive 18 = 18
: Flammable ligquids 18 = 18
CONTINENTAL Flammable liquids™ 9 - 9
DISTILLERIES




i

COMPANY HAZARD GE‘;{,GUE{'a MAXIMUM QUANTITIES IN TORNES
. i o IN STORAGE IN PROCESS TOTAL
\‘_‘v : -
READY MIX Flammable liquids 60 50
CONCRETE Liguified flammable é 4
gases
PULFORD & SONS Flammable liguids 8.5 8.5
ALFA ROMEO Flammable liquids 9 g
DAVIS GELATINE Flammaeable liguids 18 19
Liguified flammable 1 .
gases :
Toxie gast 400 400
DAVIS FULLER Flammable liquids 18 10
ADHESIVES
CUBICO Flammable liquids 10 10
ACMIL PLASTICS Flammable liguids 20 28
EM AIL Flem mable liguids 5 5
ANL Flammable liguids 135 135
CTAL Flammeble liquids i35 135
CCLLIE Flammable liquids %85 285
Highly reactive i ¢
VULCAR Flammable liquids 13 10
Fiammable gases 27 27

L
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. COMPANY JH'AZA,BD GROUP MAXIMUM QUANTITIES IN TONNE
< f-E 'E;:-_,
¢ o T8 i IN STORAGE IN PROCESS TOTAL
; Sm o
SHEARD'S - | . Flammable liquids 10 - 10
TRANSPORT !on
AMPOL Frgmmable liquids 20 = 20
FLIWAY Flammable liquids 9 ‘ = 9
LIQUID AIR Reactive.toxie/ = 950 10 1000
eryogenic gases
TOTAL OIL %Liquified flammable 1770 23 1793 |
REFINERY gases
MATRAVILLE Flammable liquids 154550 387 154937
SEACONTAINERS Flammable liquids 10 - 10
TRANSPORT Flammable liquids 10 = 10
SERVICES
I.C.I. Toxic gas 300 20 520
BOTANY Toxic substances 20,000 100 20,100
CHEMICAL Flammable gases 0.1 0.01 0.11
FACTORY Liquified flammeable 19 1 20
gases ﬁ
ETO FACTORY Highly reactive 162 13 : 175
Flammable gases ] 0.5 0.5
Flammeable liquids 787 23 810
OLEFINES FACTORY Flammable gas ] 7 7
Liguified flammable 2400 150 2550
gases

Flammable liquids 63,000 20 63,020
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COMPANY - HAZARLD,GROUP MAXIM UM QUANTITIES IN TONNES
{ - "‘::; ;
e IN STORAGE IN PROCESS TOTAL
™ o
PLASTICS FACTORY Toxi¢ gas 41 3 44 &
Flam'mable gas ' e 1 3
Liquified flammable 1005 304 1309
gas 1 e
Flam mabte liquids 1414 37 1451
: M
POLYTHENE * Highly reactive 12.6 0.6 13.2
Flammable gas = 2.5 2.5
Liquified flammable 17 0.5 17.5
gases &
Flammable liquids 78" 2 80
OLEFINES Liquif%d flammable - 150 150
gases
Estimated Total _
% Elammable Liquids :
In storage 431,835t
In process — 260
Total 432,395t
. Ly fied Pl ble G 4
In storage 27,735t i‘l
In process 630
Total 28,365t
*  Toxic Substances : :
In storage 21,600t
In process SUEEE (1
Total 21,870t
o Highly Reactive Substances :
In storage 260t
In process IO (| ¥
Total 290t .
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TABLE (10)
* |

¢

GENERALISED HAZARD IDENTIFICATION FOR THE BOTANY/RAND WIC K
INDUSTRIAL COMPLEX AND PORT BOTANY

\""5: m’" g

A. Fires of tanks storing flammable liquids and associated
loading/unloading; facilities.

B. Fires from drums or vessels containing flammable liquids in
enclosed bu11dmgs.

C. TFires at sundry small - medium industries engaged in
processing or storag,e of flammeble materials and general
industrial fires.

T &,

5

D. Process Fires from flammable liquids and gases.

E. Fires, Firebal% Flash Fires and Explosions from handling,
processing or storage of liquified flammable gases (e.g.
LPG). .

F. Fires in ware_hoﬁses and containers depots.

G. Explosions (confined, semi-confined and unconfined).

H. Toxie Gas or Asphyxiant Release.

4 Toxie Fumes generated from fires engulfing toxic materials.
J. Fires and Explosions from highly reactive materials.

K. Fires, Flash Fires and Explosions from pipelines carrying
flammable liquids or liquified flammable gases.

L. Fires from Transport of flammable liquids. rd
M. PFires, Pireballs and Explosions from Transport of liquified

flammable gases.
N. Dust Explosion.

O. Fires, Toxie Fumes and Explosions from ships and berthing
facilities handling flammable liguids and liquified
flammable gases.
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. Table 10 (cont'd)
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Installation Mex Hezard [Requirements Are Any Comments
Range to of Relevant Residential
People Standard Areas
(4.7k W/ ) (see Affected?
{ Appendix D)
* Port Botany 20m (o -15m-30m to No “HWater cooling
(P.D. Oil and 80 protected of 4-6 adjacent
Terminals). works. tanks would be
(Tank diameters = necessary.
range 5m-230m) -2.5m-10m to
adjacent tanks ~Friendship Rd
, affected for
i more than one
tank fire.
* Total QGil 160-250m -50m to Yes —Area of
Refinery protected impact would
(Tank diameters works. increase if
23m, 44m up to more than one
80m) -1/2 diameter tank on fire
(largest tank)
to adjacent
tanks
* H,C. Sleigh 35m to 90m -20m-50m to Yes -Area of impact
(10m -23m tank protected would increase
diameters) works if more than
one tank on
fire,
* B.P. Storage 20m to 50m to No -Water response
(5m=-25m tank i60m protected at edjacent
diameter) works terminals
essential,
otherwise

escalation.




ipact |
ase

anse

diameters)

~ Installation -~ Max Hazgrd Requirements Are Any Comments
- -f,Range to of Relevant Residential
.. ¥ People ™ Standard Areas
S (UTKW/R ) (see Affected?
. (Appendix D)
|
*+ Total Distri- 40m- -50m to No -Bund fires
_pution (12m-24m 100m .protected could affect
tank diameters) works open space.
-15m to . -Water for
boundaries cooling
: or tank essential at
‘diameter neighbouring
facilities or
escalation
* Esso (5m - 20m tloi 50m to No -Cooling at
30m tank 120m protected adjacent
diameters) areas facilities
* Amoco (8m- 30m-100m 50m to Yes -Impact signi-
25m tank protected ficant in case
diameters) works of bund fires
and more than
one tank fire.
-Cooling
necessary at
adjacent
facilities to
prevent esca-
lgtion,
I.C.I Australia 20m to 50m to No Adjacent plants
(5m to 35m 130m protected items should
tank diameters) works should be
water cooled to
prevent
escalation.
Caltex, 20-100m 50m to No -Botany Road
Banksmeadow ' protected affected.
Terminal (5m to work
26m tank
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YSIS ~ LP GAS AND OTHER LIQU]
F &
Installation *\%azgrd Rﬂlge to People Standard Are Res- Comments
Require- idential
From Prom ‘Dispers- ments Areas
Fire-  Explos- ion Range ~ Affected?
balls ions to LFL
Boral Gas  600m  -600m to -45m to Yes. -Adjacent
Limited 7Tk Pa protected LFL facilities
{Proposed works. range affected
4,500t) -1,200m 1,300m could by explo-
to -22m to extend sions when
{(a) Complete 3.5kPa publie to res- relesases
vessel fail- places. idential. in excess
ure (130 of 3-5
tonne con- s tonnes.
tent). t
(b) Release N/A -160m to 350m No
of 5 tonne. TkPa.
-270m to
3.5kPa.
E.D. Oil -Complete
Chemical vessel
Storage failure
{1,500t not cred-
proposed) ible be-
cause of
mounding .
(a) Road 200m -200m to  -458m N/A, as No. -Adjacent
Tanker Tk Pa required facilities
failure by stat- could be
(10 tonne). -350m to utory affected
3,5kPa suthorities by re-
{b) Release N/A. leases
of 5 tonne. -160m to -350m higher
Tk Pa than 5
tonnes.
-278m to
3.5kPa




e E‘& % =
Installation Hazard Range to Peoplla Standard Are Res- Comments
£ : _5‘ = Require- idential
From From i Dispers-  ments Areas
¢ Firgg ﬂ\‘Ex[.;lac_agy- ion Range Affected?
balls ions™ ito LFL
St ' : } :
LC.1 3 Not spec- -For ~For large
Hydrocarbon A ified residen- releases
Storage, e, subject  tial not higher
Port Botany i to app- to be than 10
(1,400t LPG roval by affected tonne.
refrigerated - statutory releases
and 5,000t authori- in excess
ethylepe G ties. of 150
refrigerated) H tonnes
=, b should
(a) 50 tonnes -320m for -810m not oceur.
release N/A Tk Pa
-600m for
3.5kPa.
(b) 10 tonnes -200m for -430m
release TkPa
-350m for
3.5Pa.
Total Ofl
Refinery
-Proposed 700m 700m to 1,500m -Subject Yes. -Other
400t spheres to 1,200m (for 200t to approval plant
(on Bunner- 900m - release) (greater items
ong Power than 75m) Signi-
Station “ficantly
site) affected.
-Existing = 350m 350m to 950m -25m for Yes
60t (along to 650m ) 100 tonne
Bunnerong 420m vessel
Road).
-5t release N/A 166m to 330m - No. —?lapﬁs
from storage 270m signifi-
or process cantly

affected.




¥y - 8w
Ingtallation - Hazard Range{;—f‘ta Pe*:bple Standard Are Res- Commentg
t Reguire~ identiai
Fgom  From Dispers-  ments Areas
Fire- Explos- . ion Renge Affected?
balis ions to LFL
LC. L :
Australia S
-300 tonnes O550m 700m to 1,600m -50m to Yes -Potential
storage 1,150m protected effect on
(Butane) & works adjacent
_ plant
-5 tonne R/A 160m to 330m If not items,
release 270m ignited
} within
¥ plant

boundaries.
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| % TABLE 11(e)

.

CONSEQUENCE ANALYSIS: TOXIC GAS RELEASE

—

de ic

: ; i +flazafd Range to Are resi-
Installation Ch€mical “people for:= dential Comments
* S ~Releaged Injury Irritat- Areas
' 1 ion Affected?
port Botany (i) Chloro~ 1,000m N/A No Slightly
(p.D. Oil form. ¢ +(1,000ppm lower con-—
and Termin- (1m® /see) __-IDHL) centration
als) i i could occur
Tank roof - but would
or total - (ii) Epi- 700m N/A No / not have an
~ tank fail- chlor:gdrin (100ppm ' effect upon
~mre/bund (0.05nP /sec)” IDHL) people over
““filled. " an hour's
- exposure.
(iii) Phosy 1100m Yes Buoyant gas,
gene (frogi concentra-—
Epichlor- 3.5km tions for
hydrin fire) (25ppm) (3-5ppm) worse
(1.09m3 /sec weather
maximum) conditions,
Needs to be
contained
to smaller
tanks.
LC:L (a) Chlorine
Matraville release -
(6 pressure
vessels (i) 3.6m3/sec 1,000m 2,000m Yes Heavy gas,
liquid (to 50ppm) (to 15ppm) release




-f‘ f e 2 -
Toxie Hazard Range to Are resi- T ey
Instaliation Chemical pegple for: dential Commeng
‘ Relegsed  Injury Irritat- Areas :
ion Affected?
\%1 T e <
TT—
I.C.1. cont.
chlorine) rate is
pipework - 450m too great,
fracturing (to 150ppm)
(ii) 1.2m3/ 456m = 1,100m Yes Maximum pe. |
see {toc 50ppm) (to 15ppm) lease rate
should be
200m less than
{to 150ppm) 1 /sec,
(b} Anhyd- 900m 1,900m Yes
rous Hy-  (to 50ppm) (to 15ppm)
drogen i
Chloride
(HCL) -
3.1nP /sec
Transport Chlorine 160m 400m No Buoyant re-
Terminals/ (Pool) f{ires (to 50ppm} (tc 15ppm) lease,
- 0.04 /sec
Bayer Pty. Sulphur 500m 750m Yes Bugyant re-
Ltd. dioxide from (to 20ppm) (to 1Gppm) lease - rap-
pesticides idly disper-
on fire ses mainly
- 0.1m8 /sec of irritant
interest
, regquiring
" prolonged
exposure fof
injury (1/2.
~ 1 hour).
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E_AQILII'_IES' i
y 4
- )
Company / ¥ Potential for Source(s) /Comments
facility  F = Incident
¢ "™~ . propagation
: i
(a) Port Botany ' |
ICI - hydrocarbon LT
terminal —
Terminals P/L + Between tanks/hjéat only
P.D. Oil and & Between tanks/l;eat only
~-Chemical Storage '
Boral Pty - For mounded situation
++ For unmounded situation
Shell Consortium i -

(b) Industrial Complex

re- E‘: ICI - Botany I Within factories but low
L8 1 between factories
i TOTAL ++ Very high interaction
OIl Refinery :
re- §
‘ap- § Caltex + Between tanks - fire only
er- |
ly § Esso + Between tanks - fire only
nt .3
Ll Amoco + Between tanks - fire only
d | Total Distribution + Between tenks - firé“only
for ¥ )
/2 % BP + Minor in nature
by
H.C. Sleigh + Between tanks - fire only
A.C. Hatrick = factory type fire only
APM = due to paper combustion but

very low.

Catoleum - factory type fire only
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TABLE 12 (cont,) “e %‘

o,

i Company / Potential }l’or Source(s) /Comments
1 facility i Ipgident
] ¥ = £y 4
; | ppppag_atlon
s '! ‘E n“‘ A"
Kellogg i 4 -
Carba ' 'y =
Johnson & Johnson B = g factory fire only - cotton
o
Wool Processors by W Wool smoldering,
. _ ; |
Fibre Containers - due to cardboard combustion
c S but very low
" Bayer + very low probability
La Porte L + but low probability
Liquid Air y + explosion/oxygen fed fire
but low probability.
Key: - negative potential (i.e. less than probability of 50 x

10-6 for heat and explosion criteria)

+ positive potential (at or greater than 50 x 106
for heat and explosion criteria - 25kW/m2- + 35 kPa)

++ very high potential (greater than 38 kW/m2 and 35
kPa)
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THE STUDY AREA

T
azd_E&bM o A
A shlpmenfof poofi chlorine stored at Mayne Nickless Transport
: Terminal beggn decomposing 3 days after exposure to rain causing
a number of minor gexplosions and a chlorine gas release. The
emergency sermqes attended and rendered the situation safe but
the incident recurrgd the following day from the same material.

2nd _October, 1980 Vs jo

- Major spillage of pefrol which leaked from a pipeline owned and
operated by Esso. Approximately 120,000 litres of petrol escaped

into Springvale drain but did not enter Botany Bay. The area was

closed for approximately 38 hours.

A small commercial aircraft crashed incinerating 13 people (no
survivors) when i% attempted to land after taking off on the
east-west runway but failed to negotiate its safe return (subject
of an inquiry).

2nd January, 1981

Some 2,000 tonnes of crude oil overflow from a ship being
unloaded at the single buoy mooring for Total. Some oil
contaminated the Bay.

28th Japuary, 1981

I.C.1. developed an ethylene leak within its ethylene factory.
The leak was estimated at about 3 tonnes. Ethylene vapour was
dispersed by the use of a steam curtain as it travelled towards
the boiler house.

6th April, 1981

Kellogg had & 1,400 litre leak of sodium hypochlorite solution
from a fractured pipe. Unless heated, it is not anticipated to

have presented & problem.

lst October, 1981

A combustion started on the afternoon of October 1st, 1981, at
the Bayer Factory in Wilson Street, Botany, of a pesticide
(Azinphos-methyl) which released concentratlons of what appears
to be sulphur dioxide, carbon monoxide &nd mercaptans.
Mercaptans at very small concentrations produce extremely
pungent odours which can be nauseating and can result in
headaches well below the toxie threshold level.
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‘whieh was of major concern.* Injuries in the form o
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21st January, 1982 ¢ %

Polythene fire at I.C.L, Botany - as the result of ignition of
an organie peroxide catalyst \Fire took some three hours before

being able to be. controll,gd 3

ith_E_abtiﬂu..Jﬁl
Lubricating oil additive hlended at PD Gil and Chemical Storage
Company, became solidlfled due to overheatmg. Cleanup operation
on this date released obnoxious odours causing complaints from

residents.

T

:1

s

. L5

Polypropylene fire at I.C.l1., Botany. Due to orgam? peroxide
igniting“during a supervised maintenance operation. / This fire
quickly spread mltlatmg a leak of llquxd propylene p .5 tonnes)

burns were

-

o

sustained by an operator and a foreman. -

lith October, 1982

Road tanker carrying éghylene dichloride to Terminals Pty. Ltd.
leaked contents. Vehicle stopped at Arncliffe. Approximately 90
litres of material leaked from a 20 tonne load.

l4th November, 1982

Fire at Johnson and Johnson in the Radiation Plant of the factory
from an electrical fault. No injuries and safety system operated
as designed with fire being quickly contained.

26th Mareh, 1983

Pipeline leak between Caltex and Total distribution terminal with
an estimated 6,000 plus litres leaking. Port Road block to
traffic. Pipelines 14 inches in diameter and 3 km in length.
The leak was discovered by a railway engine driver.




Proposed Designated developments due to hazard potential.

e a4

Industrial Pr‘gmlses y{)on which are either stored, processed,
handled or:distributed the materials of the followmg descrlptlon
and qu ntities:»

(a)

(b)

(e)

(d)

(e)

(f)

(g)

(h)

(i)

b
Toxic gases” blzlng* of Class 2.2 under the Dangerous Goods
Regulations in excess of 2,000 kg in aggragate;

Flammable gases of & compressed nature being of Class 2
under the Danger6us Goods Regulations in excess of 5 tonnes
in aggragate other than those materials re;erred to in
sub-clause (c) below; ‘;

Liquified flammable gases being a compound qr a mixture of
compounds having twé, three or four carbon atoms in its
structure in excess of an-aggragate water capacity of 15kl;

Flammable liqujds being of Classes 3.1, 3.2 and 3.3 under
the Dangerous ({pods Regulations in excess of 1,000 tonnes in
aggragate;

Organic peroxides being of Class 5.2 (Category A, and C) in
excess of 5 tonnes aggregate;

Ethylene oxide or Propylene oxide in excess of 1 tonne
individually;

Explosives being of Class 1 under the Dangerous Goods
Regulations having an aggregate of 1 tonne TNT equivalent in
store;

Highly reactive substances being of Class 4 in excess of 100
tonnes aggragate; and

any highly toxic material likely to be lethal to a human if
assimilated in quantltles of less than one milligram (being
more than 100 grammes in aggregate storage capacxty)



T
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Vessel AS 1596 Hazard Range
Capacity Distance to protected to people from fire-
(tonnes) works (includes schools, balls (1/2 tank
hospitals, residences) capacity).
0.5 3m 50m
1.0 ‘ 6m 60m
3.8 (7.5kl1) 10m 110m
5 Iim 120m
ie 15m 155m
20 1Tm 210m
25 i7m 220m
50 : 20m 300m
100 = 25m 390m
250 45m 560m
380 60m 660m
500 75m 750m




LIMITATIONS ON POPULATION" THE NEIGHBOURHQOD QF
) DIST E_STATION)

0 : Safety Dista‘ng_eu" o Maximum allowable Number
_ (metres) 1 of single detached houses
0-25m . : ..'l - 0
25-50m | LA 2
50-100m t‘ : 8 .
100-150m - 15 ?
greater than 150m i no restriction

* No schools, hopsitals, churches allowed within 150m.

b

w5

B
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STATION ¢ MANNING

Mat‘ravil‘l‘&r”“' o Station Officer and 2 men

Maroubra . [station Officer and 2 men

Botany =+ Station Officer and 5 men

Alexandria ' 4 Station Officer and 4 men (Telesqirt)

; _ 2 men (Salvage)

Mascot ' Station Officer and 3 men (Foam pump)
Randwick ~Station Officer and 4 men
Headquarters Station Officer and 5 men -
Headquarters : 2 men (Lgdders)
Redfern” Station Officer and 4 men
- Newtown Station Officer and 4 men
#Glebe "% . 2 men (Snorkel)
Marrickville Station-Officer and 3 men (Snorkel)
Stanmore Station Officer and 4 men (Telesqirt)
Glebe Station Officer and 3 men

Woollahra i, Station Officer and 3 men

Woollahra 2 men (Ladders)
Rockdale Station Officer and 2 men
Darlinghurst Station Officer and 4 men

Kogarah Station Officer and 4 men (Telesqirt)
The Rocks Station Officer and 3 men

Bondi Station Officer and 3 men

Extra appliances available if circumstances are such that they
are needed.

Waterloo Breathing apparatus van B
Lighting vehicle -‘._ ‘

Drummoyne Station Officer and 3 men (Foam) Sk

Silverwater Station Officer and 3 men (Foam) 2%
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TABLE 18: PIPELINES WITHIN THE BOTANY/RANDWICK
INDUSTRIAL COMPLEX AND PQRT BOTANY

-

) 2t i
PIPE PIPE %ERVICE’?‘P;IPEHNE LENGTH TYPE OF INSTALATION.
LINE DIA ..*7 = OWNER METRES (Buried (B),

D o , Aboveground (A)
§ or Submarine (S)

350 GASOLINE ‘ AGR 1830

B & A
o~
200 JET FUEL - AOR 1830 B & A b
#
300 WHITE OILS AOR 1830 B& A
200 BLACK OILS AOR 1830 B & A
950  WHITE OILS TOTAL 2440 B
250 WHITE ogrls AMOCO 585 B
950  WHITE OILS CALTEX 370 B
150 GASOLINE CALTEX 770 B
I 100 NAPTHA  CALTEX 500 B
J 300 WHITE & AMOCO 2440 B
BLACK OILS
K 300 BLACK TOTAL S & B
200  OILS BORAL
L 450 WHITE TOTAL 1370 S & B
300  OILS BORAL
M 550 CRUDE TOTAL S & B
BORAL

N 200 GASOLINE TOTAL 1460 B & A

o 150 DISTILLATE TOTAL 2195 B & A
BORAL

P 150 GASOLINE TOTAL 670 B
BORAL

Q 200 GASOLINE H.C. 120 B & A
SLEIGH '

R 150 DISTILLATE H.C. 120 A
SLEIGH ¢
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TABLE 18: PIPELINES WI'EIN THE BOTANY/RANDWICK
INDUSTRIAL COMPLEX AND PORT BOTANY

- 3

s

PIPE PIPE SERV},CE PIPE:];INE LENGTH TYPE OF INSTALATION,
LINE DIA, = OWNER METRES (Buried (B),
N e Aboveground (A)
; or Submarine (S)

S 150 WHITE OILS CALTEX 180 A
o
T 150 WHITE & CALTEX 180
BLACK OILS

o]

U 150 DISTILLATE AMCCOL 5101 B

V' 150 JET FUEL TOTAL 3096 B.

BORAL

W 200 NAPTHA AOR 1830 B

X 100  LPG TOTAL A
BORAL

Y 100 NAPTHA  TOTAL B
BORAL

z 80 WHITE OILS TOTAL B
BORAL

AA 250 GASOLINES AOR S

BB 250  JET Al AOR 5

CC 300  WHITE OILS AOR s

DD 200 BLACK OILS AOR S

EE 200  JET Al CALTEX 8860 B & A

FF 250 WHITE OILS ESSO B

GG 100 LPG TOTAL S&B
BORAL

R

HH &0 NAPTHA AOR
Il
JJ 150 NAPTHA CALTEX

KK 150 WHITE OlL, CALTEX 385 ‘B
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TABLE 18: PIPELINES WITHIN THE BOTANY/RANDWICK
mmmmummmmm

® 3

LL . ’ A

s %

( % %,
MM 1 NAPTHA  ICI 700 A
; 5&% o ‘ ¢
NN 200 GENERAL AOR 850 B
' HC SLEIGH
00 300 HFO : CALTEX B
PP 300 HFO ‘CALTEX B
QQ 200 DFO CALTEX B
RR 200 JET Al SHELL B
SS 350 GENERAL S.M.P, - ~B
TT 500 CRUDE SHELL B
UU 250- CAUSTIC ICI 3.2km A + B
300 SODA
VV 100 BUTANE ICI - 850 A
LIQUID
WW 100 PROPANE ICI 750 A
LIQUID
XX 150 ETHYLENE ICI 700m A
VAPOUR
YY 914 CRUDE OIL AOR APPROX. S
365 2km

vl 324

oW
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TABLE 19: COMPANIES REQUIRING A COMPREHENSIVE SAFETY

ICI Operations (Austra_lua Chlorine Plant)

A ‘ Aust f'(‘ o

moc ustralia

A.H. Hatrick | i

Total Oil Refineries Ltd

B.P. Australia Ltd '
—

Total Distribution Australia Ltd
H.C. Sleigh

Bayer Australia %

- 144 -

Tl

Botany
Botany
Botany
Matraville

Botany

Botgny
:
Matraville

Bdtany
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TABLE 20: COMPANJESJN NEED OF A DETAILED FIRE SAFETY STUDY
. Total Oil Refineries I_de - Matraville

J ICI Operations (Au’f;:ralifl‘) Ltd - Botany plants
’ Total D.isp'_i‘butioru'-;f-iustr;lia Ltd - Botany

. B.P. NA';lstraﬁa Ltd ! - Botany

. Amoco Austr?a'li}\ ]:;t'd - Botany

. Esso Australia ‘Ltd-\‘z_ e - Botany

. APM ’:‘ ; — Banksmeadow
. H.C. Sleigh | - Matraville

. Bayel; Australia o - Botany

; A.C. Hatrick i - Botany

-
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Installation Emergency Plan Submitted Resulis of Assessment
{see Appendix H for
Yes No Comment details)

Esso i ‘ . Plan needs to be ex-
h tensively revised and
co-ordinated.
. General principles
are covered,
. Plan lacks roles and
responsibilities.

Li el
#*

Amoco Urgent need to
formalise a compre-
hensive emergency
plan in view of

risks associated with
this terminal and
associated impacts on

residential areas.

H.C. Sleigh ¥ . Procedures need to be
extensively revised
and expanded.
Existing plans
inadequate.

B.P. ® . Formalised procedures
must be prepared and
implemented.

Total . ¥ . Co-ordinated pro-

Distribution cedures needed.
Preferably a combined
BP/Total plan.

Ampol ¥ . No response to
survey received.
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Installation Emergency Plan Submitted Results of Assessment
3 i (see Appendix H for
Yes _ No; Comment details)
i E - _’Ef:
Caltew, ~ ¥ . Procedures are
; R { adequate Regular up-
o} § dating recommended.
ICI - Port # L Plans for . Procedures for exist-
— the LPG ing installation
B storage adequate.
tanks . Recommiended to co-
& currently ordinaté existing
under and proposed in-
« construct- stallation into
- ._ ion being one plan and regular
“formulated. updating.
P D. Oil & . i . Procedures adequate,
Chemical . Regular updating
recommended.
Terminals - Plans . Procedures adequate.
Pty. Ltd. being . Recommended to co-
further ordinate existing
updated at and proposed pro-
present in cedures into one
view of overall plan.
proposed
expansion.
Proposed * Will be . Procedures need to
Boral Gas formulated be formalised prior
Ltd. if approval to the commencement
granted. of any operations.

ICI Australia
Ltd.

Individual plans for
various plants gen-
erally adequate.

. Updating recom mended

in view of additional
expansions.

. Strong recommendation

to formulate an over-
all co-ordinated plan
for the whole site.
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Installation Emergency Plan Sulimitted Results of Assessment
: , (see Appendix H for
Yes No .« Camment details)

¢

¢
Total Oil e . Plans inadequate and
Refinery - ; ; need updating urgently
= 4 g 7 in view of high risk

4 impact.

A C Hatrick * Gl . Overall review
strongly recommended

& in line with }ﬁ'e
: guidelines formulated.
% g Plans lack co-
J g - ordination.

a 3

Catoleum * . Generally adequate
i, recommended to review
' certain aspects in
lines with the guide-
lines.

Bayer . . Major deficiency
in lack of emergency -
planning.
. Comprehensive plans

should be formulated k;
as soon as possible S
if operations are to i 8
continue on the site.

Collie o . Formalised pro-
cedures are urgently
needed. o

Johnson and » . A more comprehensive

Johnson overall plan needs to
be formulated in line _
with the guidelines. 1§

La Porte » . Adequate., Certain
aspects need to be
‘ineluded to make a
more comprehensive
plan.
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Installation Emergency Plan Submitted Results of Assessment
(see Appendix H for
Yes Comment details)
e
t ?_1 ,..{Z

' Australten o *

Paper o}
Manufacturers .- |

. Adequate. Needs to
take into account
potential hazards
from neighbouring
installations.

W

e oy
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Table 22 e
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