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A 2.1. Bow Ties  

The Bow Tie method was used to identify hazards, determine the loss of control event 

and subsequent consequences as well as identifying barriers to minimise the risk. The 

Bow Ties were used purely as a method of clearly defining cause-consequence 

relationships. As the proposed development is at an early stage, no linkage was made 

to the company Safety Management System (SMS) and no ‗escalation factors‘ (factors 

that may reduce the effectiveness of the barrier) were noted.  

An example of a Bow Tie is shown in Figure A1.1, illustrating: 

 the hazard, e.g. toluene stored in a vessel;  

 the top event, e.g. loss of containment; 

 the threats, e.g. corrosion 

 the consequences, e.g. fire 

 the barriers, e.g. Tank designed and maintained to AS 

 the recovery measures, eg automatic fire detection and suppression 

 Possible linkages to the company Safety Management System 

The actual bow ties for each location and top event are shown in the subsequent 

pages, including: 

Location: 1. Warwick Farm - Bulk Storage 
 
Hazard 
code 

Hazard name Top event 

1.01 Stored Toluene Loss of containment 

1.02 Pumped Toluene Loss of containment 
1.03 Toluene in Road Tanker Transfer Lines Loss of containment 

 
Location: 2. Warwick Farm - VRU 
 
Hazard 
code 

Hazard name Top event 

2.01 Pressurised Steam in Boiler Loss of containment 
2.02 Toluene in Decanting Tank Loss of Containment from Tank 

2.03 Toluene Vapour in Ductwork Toluene Enters Flammable Region 
 
Location: 3. Warwick Farm - Warehouse 
 
Hazard code Hazard name Top event 

3.01 Bulk Paper storage in warehouse Ignition 
 
Location: 4. Warwick Farm - Acid Storage Room 
 
Hazard code Hazard name Top event 

4.01 Storage Acid Loss of containment 

 
Location: 5. CO2 Store 
 
Hazard code Hazard name Top event 

5.01 CO2 Stored under pressure Loss of containment 

 



 

 

Document: J20307-001 
Revision: 0 
Revision Date: 2 October 2008 
Document ID: 20307-001-Rev0 

Page 46 

Location: 6. Printing Area 
 
Hazard code Hazard name Top event 

6.01 Toluene Based Ink Ignition Source Introduced 

 
Location: 7. Warwick Farm - General 
 
Hazard code Hazard name Top event 

5.01 Toluene Road Tanker Loss of containment 

 

IPMG has stated that all equipment will be designed and constructed to the relevant 

standard, which in the case of Toluene storage would be AS1940. However, due to the 

early stage of the design, the barriers are coloured yellow (to be confirmed). Once the 

design is finalised, the barriers will be re-checked and coloured green (final). 
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APPENDIX 3. REVIEW OF HAZARDOUS SUBSTANCES PROPERTIES  

 

A 3.1. Toluene 

Toluene is a Class 3 hazardous material, which is highly flammable. Detailed 

properties are given below. 

Table A3.1:  Toluene Properties 

Property unit Value 

Formula  C6H5CH3 

Boiling point 
o
C 110.6 

Vapour density (cf air = 1)  3.1 

Liquid density (cf water = 1)  0.87 

Heat of combustion MJ/kg 40.6 

Flashpoint 
o
C 4.44 

Lower Flammable Limit (LFL) vol% 1.1 

Upper Flammable Limit (UFL) vol% 7.1 

 

Table A3.2:  Toluene Hazardous Properties & Emergency Advice 

Incident Hazardous Properties 

Release as 
Mist 

Irritating to eyes, nose, throat and respiratory system. 

If inhaled, will cause headache, eye irritation and euphoria. 

Move to fresh air. 

IF IN EYES, hold eyelids open and flush with plenty of water. 

If breathing has stopped, give artificial respiration. 

If breathing is difficult, administer oxygen. 

Seek medical attention. 

Release as 
Liquid 

Irritant to skin and eyes. 

Harmful if swallowed. 

Remove contaminated clothing and shoes. 

Flush affected areas with plenty of water. 

IF IN EYES, hold eyelids open and flush with plenty of water. 

IF SWALLOWED and victim is CONSCIOUS, ensure adequate ventilation, 
consider gastric aspiration within 1 hour of serious ingestion. 

DO NOT INDUCE VOMITING. 

Seek medical attention. 

Fire Highly flammable. Products of combustion are carbon oxides (CO and CO2). 
Not flammable.  

For small fire, extinguish with dry chemical powder. 

For large fire, use water spray or fog. 
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A 3.2. Sulphuric Acid (94%) 

Concentrated sulphuric acid is a Class 8 hazardous material, which is highly corrosive. 

Detailed properties are given below. 

Table A3.3:  Sulphuric Acid Properties 

Property unit Value 

Formula  H2SO4 

Boiling point 
o
C 340 

Vapour density (cf air = 1)  N/A 

Liquid density (cf water = 1)  1.84 

Heat of combustion MJ/kg N/A 

Flashpoint 
o
C N/A 

Lower Flammable Limit (LFL) vol% N/A 

Upper Flammable Limit (UFL) vol% N/A 

 

Table A3.4: Sulphuric Acid Hazardous Properties & Emergency Advice 

Incident Hazardous Properties 

Release as 
Mist 

Irritating to eyes, nose and throat. 

If inhaled, will cause coughing, difficult breathing, or loss of consciousness. 

Move to fresh air. 

IF IN EYES, hold eyelids open and flush with plenty of water. 

If breathing has stopped, give artificial respiration. 

If breathing is difficult, administer oxygen. 

Seek medical attention. 

Release as 
Liquid 

Will burn skin and eyes. 

Harmful if swallowed. 

Remove contaminated clothing and shoes. 

Flush affected areas with plenty of water. 

IF IN EYES, hold eyelids open and flush with plenty of water. 

IF SWALLOWED and victim is CONSCIOUS, have victim drink water or milk. 

DO NOT INDUCE VOMITING. 

Seek medical attention. 

Fire Not flammable. Poisonous gas may be produced in fire. 

Extinguish with dry chemical or carbon dioxide. 
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A 3.3. Carbon Dioxide 

Carbon dioxide is a non-hazardous substance and normally used as fire extinguishing 

agent. Detailed properties are given below. 

Table A3.5:  Carbon Dioxide properties 

Property unit Value 

Formula  CO2 

Boiling point 
o
C -78.5 

Vapour density (cf air = 1)  1.87 

Heat of combustion MJ/kg N/A 

Flashpoint 
o
C N/A 

Lower Flammable Limit (LFL) vol% N/A 

Upper Flammable Limit (UFL) vol% N/A 

 

Table A3.6:  Carbon Dioxide Hazardous Properties & Emergency Advice 

Incident Hazardous Properties 

Release as 
Mist 

Vapours may cause dizziness or asphyxiation without warning. 

Effects of oxygen deficiency (below 6 %) are as follows: convulsive 
movements, possible respiratory collapse and death. 

Contact with gas or liquefied gas may cause burns, severe injury and/or 
frostbite. 

 

Contact with eyes 

Immediately flush eyes with plenty of water whilst holding lids open. If 
redness, itching or burning occurs seek medical attention. 

Contact with skin 

Wash material off skin with copious amounts of water and soap for at least 15 
minutes. If redness, itching or burning seek get medical attention. 

Inhalation 

If victim is conscious, move to uncontaminated area to breath fresh air. Keep 
warm and quiet. If breathing is difficult, administer oxygen. 

If victim is unconscious, move to uncontaminated area and give assisted 
respiration. 

Fire Non-flammable gas. Ruptured cylinders may rocket 
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A 3.4. Chromic Acid Solution 

Chromic acid solution is a strong oxidizer and it reacts rapidly with many materials 

including common combustibles, often causing ignition and hence fire. Mixing with 

reducing agents can cause explosions. Detailed properties are given below. 

Table A3.7:  Chromic acid solution properties 

Property unit Value 

Formula  CrO3 

Melting point 
o
C 197 

Boiling point 
o
C 250, decomposes 

Specific gravity   2.7 

Heat of combustion MJ/kg N/A 

Flashpoint 
o
C N/A 

Lower Flammable Limit (LFL) vol% N/A 

Upper Flammable Limit (UFL) vol% N/A 

 

Table A3.8:  Chromic Acid Solution Hazardous Properties & Emergency Advice 

Incident Hazardous Properties 

Release as 
Liquid 

Chromic acid solution is toxic. Inhalation, ingestion or contact with skin may 
cause severe injury or death.  

Contact with molten substance may cause severe burns to skin and eyes. 

Avoid any contact, effects of contact and inhalation may be delayed. 

Fire may produce irrititating, corrosive and/or toxic gases. 

Run-off from fire control or dilution may be corrosive and/or toxic and cause 
pollution. 

 

First Aid 

Move victim to fresh air. Seek emergency medical service. 

Give artificial respiration is victim is not breathing. 

Do not use mouth-to-mouth method if victim ingested or inhales the 
substance; give artificial respiration with the aid of a pocket mask equipped 
with a one-way valve or other proper respiratory medical device. 

Administer oxygen if breathing is difficult. 

Remove and isolate contaminated clothing and shoes. 

In case of contact, immediately flush skin or eyes with plenty of water. 

Keep victim warm and quiet. 

Ensure that medical personnel are aware of the substance(s) involved and 
take precautions to protect themselves. 

Fire Non-combustible, substance itself does not burn but may decompose upon 
heating to produce corrosive and/or toxic fumes. 

For small fire, extinguish with dry chemical, CO2 or water spray. 

For large fire, extinguish with dry chemical, CO2, alcohol-resistant foam or 
water spray. 
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A 3.5. Chromium Trioxide Solid 

Chromium trioxide is an acid anhydride of chromic acid, classified as Class 5.1, 6.1 

and 8 hazardous material. Chromium trioxide is toxic, corrosive, carcinogenic and a 

strong oxidizer, hence contact with other material may cause fire. Detailed properties 

are given below. 

Table A3.9:  Chromium Trioxide properties 

Property unit Value 

Formula  CrO3 

Melting point 
o
C 197 

Boiling point 
o
C 250, decomposes 

Specific gravity   2.7 

Heat of combustion MJ/kg N/A 

Flashpoint 
o
C N/A 

Lower Flammable Limit (LFL) vol% N/A 

Upper Flammable Limit (UFL) vol% N/A 

 

Table A3.10:  Chromium Trioxide Hazardous Properties & Emergency Advice 

Incident Hazardous Properties 

Release as 
Solid 

Extremely destructive to respiratory tract, may cause ulceration and 
perforation of nasal septum. 

If inhaled, symptoms include sore throat and coughing. 

Corrosive, any contact with skin and eyes will cause several burns. Contact 
with eyes could cause pain, redness and severe tissue burns. May cause 
corneal injury or blindness. 

Ingestion could cause severe burns to mouth, throat and stomach, leading to 
death. Symptoms include vomiting, diarrhoea and gastroentertis. 

Move to fresh air. 

If swallowed, DO NOT INDUCE VOMITTING, give large quantities of water. 

Contact can cause blurred vision, redness, pain and severe tissue burns. May 
cause corneal injury or blindness. 

IF IN EYES, hold eyelids open and flush with plenty of water. 

If breathing has stopped, give artificial respiration. 

If breathing is difficult, administer oxygen. 

Seek medical attention. 

Fire Not combustible, but substance is a strong oxidizer and its heat of reaction 
with reducing agents or combustibles may cause ignition. Releases oxygen 
upon decomposition, increasing the fire hazard. 

 

A 3.6. Steam 

Steam is used to regenerate the carbon filters in the VRU. It is generated in boilers 

with a maximum temperature and pressure to be determined. 
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APPENDIX 4. WIND ROSE DATA 

 

 

 

  



 



Rose of Wind direction versus Wind speed in km/h (01 Jul 1968 to 31 Dec 2006)
BANKSTOWN AIRPORT AWS
Site No: 066137 • Opened Jan 1968 • Still Open • Latitude: -33.9181° • Longitude: 150.9864° • Elevation 6.m

An asterisk (*) indicates that calm is less than 0.5%.
Other important info about this analysis is available in the accompanying notes.
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Rose of Wind direction versus Wind speed in km/h (01 Jul 1968 to 31 Dec 2006)
BANKSTOWN AIRPORT AWS
Site No: 066137 • Opened Jan 1968 • Still Open • Latitude: -33.9181° • Longitude: 150.9864° • Elevation 6.m

An asterisk (*) indicates that calm is less than 0.5%.
Other important info about this analysis is available in the accompanying notes.
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12039 Total Observations

10%

20%

Calm 7%

CopyrightCopyright © Commonwealth of Australia 2007 . Prepared on 29 Mar 2007
Prepared by National Climate Centre of the Bureau of Meteorology.
Contact us by phone on (03) 9669 4082, by fax on (03) 9669 4515, or by email on webclim@bom.gov.au
We have taken all due care but cannot provide any warranty nor accept any liability for this information.

TCZ1861126 Page 1



 

 

Document: J20307-001 
Revision: 0 
Revision Date: 2 October 2008 
Document ID: 20307-001-Rev0 

Page 67 

APPENDIX 5. REFERENCES 

1. DUAP. Hazardous Industry Planning Advisory Paper No. 6 -- Guidelines For Hazard 

Analysis. 1997. 

2. NSW, DoP. Multi-Level Risk Assessment. 1999. 

3. PlanningNSW. Hazardous Industry Planning Advisory Paper No. 4 -- Risk Criteria For 

Landuse Planning. 2002. 

4. Stephenson Environmental Management Australia (PW Stephenson). Preliminary 

Hazard Analysis Report Draft V7: Independent Print Media Group, Warwick Farm. 2008. 

5. DUAP. Hazardous Industry Planning Advisory Paper No. 9 -- Safety Management. 1998. 

6. DoP. Hazardous Industry Planning Advisory Paper No. 1 -- Industry Emergency Planning 

Guidelines. 1993. 

7. Transport and Traffic Planning Associates. Proposed Alterations and Additions of 23 

Scrivener Street, Warwick Farm. Assessment of Traffic and Parking Implications. 2008. 

8. DoP. Hazardous Industry Planning Advisory Paper No. 2 -- Fire Safety Guidelines. 1993. 

9. Australian Safety and Compensation Council. Hazardous Substance Information 

System. Hazardous Substance Information System. [Online] July 2008. [Cited: 11 September 

2008.] http://www.nohsc.gov.au/applications/hsis/. 

10. UK Government. Health Protection Agency. Health Protection Agency. [Online] [Cited: 11 

September 2008.] 

http://www.hpa.org.uk/webw/HPAweb&Page&HPAwebHome/Page/1153496333353?p=11534

96333353. 

11. Department, Research US and Administration, Special Programs. 2004 Emergency 

Response Guidebook. 2004. 

12. Attorney-General's, Australian Government. Emergency Management Australia 

Disasters Database. Emergency Management Australia Disasters Database. 2007. 

13. Japan Science and Technology Agency. JST Failure Knowledge Database. [Online] 

[Cited: 15 September 2008.] 

http://shippai.jst.go.jp/en/Search?kw=printing&op=0&fn=1&dt=0&bt=1. 

14. European Commission - Joint Research Centre. Major Accident Reporting System. 

MARS. [Online] [Cited: 17 September 2008.] 

http://mahbsrv4.jrc.it/mars/servlet/GenQuery?servletaction=ShortReports. 

15. HSE. Safety Report Assessment Guide: Chemical Warehouses - Criteria. s.l. : HSE 

Books, 2002. 

16. —. Safety Report Assessment Guide: Chemical Warehouses - Hazards. Version 6. s.l. : 

HSE Books, 2002. 

17. DUAP. Hazardous and Offensive Development Application Guidelines -- Applying SEPP 

33. 1997. 

18. Hymes, I. and Flynn, J.F. The Probability of Fires in Warehouses and Storage Premises. 

1992. 

19. Bureau of Meteorology. Summary statistics BANKSTOWN AIRPORT AWS. Bureau of 

Meteorology. [Online] 18 September 2008. [Cited: 19 September 2008.] 

http://www.bom.gov.au/climate/averages/tables/cw_066137.shtml. 



 

 

Document: J20307-001 
Revision: 0 
Revision Date: 2 October 2008 
Document ID: 20307-001-Rev0 

Page 68 

20. H., C. J. and P., R. A. Methods for the calculation of physical effects - CPR14E - 'Yellow 

Book' - Part 1. 3rd Edition. s.l. : SDU Uitgevers, 1997. 

21. HSE. Offshore hydrocarbon releases statistics and analysis, 2002 - HID statistics report. 

7th Edition. s.l. : HSE, 2003. 

22. CCPS. Guidelines for Process Equipment Reliability Data. s.l. : Center for Chemical 

Process Safety/AIChE, 1999. 

23. Cox, A. W., Lees, F. P. and L., Ang M. Classification of Hazardous Locations. s.l. : 

Institution of Chemical Engineers, 1990. 

24. DUAP. Advice on Applying SEPP 33: Hazardous and Offensive Development. 2004. 

25. HSE. http://www.hse.gov.uk/comah/sragcwh/. HSE. [Online] 10 June 2008. [Cited: 11 

September 2008.] http://www.hse.gov.uk/comah/sragcwh/. 

26. DUAP. Hazardous Industry Planning Advisory Paper No. 3 -- Environmental Risk 

Assessment Guidelines. 2000. 

27. NSW, DoP. Hazardous Industry Planning Advisory Paper No. 7 -- Construction Safety 

Study Guidelines. 1992. 

28. DUAP. Hazardous Industry Planning Advisory Paper No. 8 -- HAZOP Guidelines. 1995. 

29. NSW, DEUS. Guidelines for land use and environmental safety planning for hazardous 

materials - Road transport considerations - Route Selection. 1995. 

30. A.B.Hopwood, T.M. Cresswell. Shell FRED Fire, Release, Explosion, Dispersion Hazard 

consequence modelling package Technical Guide. Issue 4.0. Chester : Shell Research Ltd, 

2006. 

31. JBA Urban Planning Consultants. Preliminary Environmental Assessment Report: 23 

SCRIVENER STREET, WARWICK FARM LOT 1 DP 774089. 2008. 

 




