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Photo 57- Culvert and support for sewer pipe accross open channel drain in lot 1 DP825808 

 
Photo 58-Open channel drain in Lot 1 DP 825808  
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Photo 59- Sewer man hole in open drain along north boundary of Lot1 DP 825808 

 
Photo 60- North boundary of Lot1 DP825808 
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Photo 61-Proposed gas main route in Shoalhaven Starches property lot 1 DP 825808 

 
Photo 62- Looking toward Shoalhaven Starches Factory (Manildra), along existing sewer rising main alignment 
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Photo 63- Proposed gas main route through Shoalhaven Starches paddock, looking toward interim packing plant 

 
Photo 64- Sewer pump station on Shoalhaven Starches land, with location of proposed gas main route and pressure 

reduction station in background 
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Photo 65- Civil works at most likely position of proposed gas main crossing of Bolong Road 

 
Photo 66 - Bolong Road showing infrastructure in vicinity of proposed gas main crossing 
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Photo 67-Bolong Road showing infrastructure in vicinity of proposed gas main crossing 

 
Photo 68- Shoalhaven Starches interim packing plant on south side of Bolong Road 
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Appendix D: 

 
Figure 2: Erosion and sediment control details for trench construction on steep sites 



 
 

 
Figure 3: Typical trench stop detail for steep grades 
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Figure 4: Typical options for waterway crossings 

Option 1 – Stream diversion located within stream bed 

Option 2 – Stream diversion via a new excavated channel 

Trench 

Sand Bags 

Dry Work 

Environment 

Stream Bed 

Construction work being 

carried out in stream bed 

Rock groyne or bund 

New temporary channel stabilised with 

plastic lining or similar 

Channel dry 

flow 





























�

�

%���
��&���'���������0�	�����������
����1����-�2�	�����
����

� �





�

�

%���
��&��0���2��34"���������*�������,�������

� �





�

�

%���
��&�50�	����2��
+���
��
����
��
����
��
���'��&��+����
� 6(����7�����	�)�.8�

	�)��8�	�)�!���	�)�$9�

� �















�

�

%���
��&�70�	���*��
�������-�����#�
����	���������
��

� �











�

�

%���
��&��0�7:/3�	��+����%
��2����#�����������1����-�2�	�����
����8��8����
�� 8�-��*�������

,���*�	���������
�#�������































































































 

 
C OWMAN  S T O D D A R T  P T Y  L T D  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANNEXURE 14 
 

 
Preliminary Hazard Analysis 

prepared by 

URS Australia Pty Ltd 
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URS Australia Pty Ltd (ABN 46 000 691 690) 
Level 4, 407 Pacific Highway 
Artarmon NSW 2064 
Australia 
T: 61 2 8925 5500 
F: 61 2 8925 5555  

C:\Documents and Settings\chris\Local Settings\Temporary Internet Files\OLKA8\Shoalhaven Starches Pipeline Project -  
Preliminary Hazard Assessment (Letter).doc 

4 March 2011 
Project No. 43167736.00001 

 

Manildra Group 
PO Box 123 
Nowra NSW 2541 
  
Attention: Brian Hanley 

Manager Energy and Sustainability 
  
 
Dear Brian, 
 
Subject: 

Shoalhaven Starches Pipeline Project (MP10-0108) Environmental 
Assessment  - Preliminary Hazard Assessment   

 

Shoalhaven Starches engaged URS to provide inputs for a Preliminary Hazard Analysis as part of 

the Environmental Assessment for the proposed Bomaderry Gas Lateral to satisfy the 

requirements of the NSW Planning Director General’s Requirements – Shoalhaven Starches 

Pipeline Project (MP10_0108) letter dated 8 November 2010. 

URS carried out a multi-discipline review based on the following Policies, Guidelines and Plans: 

• State Environment Planning Policy No 33 - Hazardous and Offensive Development 

• Applying SEPP 33 - Hazardous and Offensive Development Application Guidelines 

(DUAP) 

• Hazardous Industry Planning Advisory Paper No 3 – Environmental Risk Impact Risk 

Assessment Guidelines 

• Hazardous Industry Planning Advisory Paper No 6 – Guidelines for Hazard Analysis 

• AS/NZS 4360:2004 Risk Management (Australian Standards) 

• HB 203:2006 Environmental Risk Management – Principles & Processes (Australian 

Standards) 

• Multi-Level Risk Assessment (DUAP). 

METHOD 

The above Policies, Guidelines and Plans were reviewed as to their application to the proposed 

development and actioned as applicable. 

A multi-discipline hazard identification workshop was used to perform hazard identification (HAZID) 

facilitated by Plannager Risk Management Consultants Pty Ltd to identify and assess the hazards 

on the selected route in conjunction with a multi-discipline team.  
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Manager Energy and Sustainability 
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The multi-discipline team used to assess the risks included professionals with the following skills: 

design, construction, quality assurance, project management, traffic management, stakeholder 

interest assessment, planning, environmental (construction and operation), safety, local, state and 

federal government, community, gas pipeline risk assessment and pipeline operation. 

Gaps in data for activities and operations along the proposed pipeline construction route were then 

answered in consultation with Jemena, the current gas off-take operator, and other searches for 

affected industries and community activities such as fuel storages and/or potential high risk areas 

including schools, pre-schools, aged care facilities, hospitals and medical practices.  

After further consultation and data collection, the proposed design was modified to reduce the key 

risks identified. The HAZID was then updated by URS after relevant data gaps were investigated 

and updated information assessed.  

Following the initial HAZID process, the pipeline design and route details were modified to include 

additional protection in areas assessed as higher risks and mitigation actions identified to reduce 

the risks. (Refer Attachment 1 – Preliminary Hazard Analysis). 

Pinnacle Risk Management Pty Ltd was engaged to perform a quantitative risk Hazard Analysis 

(HAZAN) on those areas of key risk identified along the pipeline route based on information from 

current stakeholders and industrial operations as provided by Shoalhaven Starches enquiries.  

The highest industrial risk zones identified were:  

1. Kells Caltex Distribution (2x 60 -100kL fuel tanks disused) - Lot 1B Cambewarra Rd 

Bomaderry – Current Tanker truck parking area approximately 60m from the proposed gas 

pipeline . 

2. Hitchcock’s Haulage – 14 Concord Way Bomaderry -35 and 25kL above ground horizontal 

diesel storage tanks approximately 100m from the proposed gas pipeline. 

The two locations were assessed quantitatively for Jet Fire, Flash Fire and Explosion risks and the 

results are tabulated in Table 1 - Bomaderry Pipeline - Quantitative Risk Assessment. 

 

 Table 1 - Bomaderry Pipeline - Quantitative Risk Assessment  

Risk Event Category Jet Fire Likelihood Flash Fire Likelihood Explosion Likelihood 

Unit Times/year Times/year Times/year 

Event Basis 4.5 x 10-6 per km per 

year x 0.32 kms 

1.8 x 10-6 per km per 

year x 1.6 kms 

2.7 x 10-6 per km per 

year x 0.45 kms 

Frequency 1.4 x 10-6 2.9 x 10-6 1.2 x 10-6 

Risk Class 

- Safety and Health 

Low  

II 

Low  

II 

Low  

II 

Risk Class 

 - Financial 

Moderate 

II / III 

Low 

II 

Moderate 

II / III 
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The Class I area indicates a high level of risk which is intolerable and where risk reduction is 

required.  This requires the reduction of frequency and/or consequence. 

The Class II area indicates a moderate level of risk.  Whilst the risk is not unacceptable, there 

should be practical measures taken to lower the risk if economically viable.  For risks where further 

mitigation is not economically viable, judgement needs to be exercised as to whether the level of 

risk is acceptable or not.  This area is the beginning of the ALARP region (i.e. as low as reasonably 

practicable). 

The Class III area indicates a low level of risk and is broadly considered to be acceptable.  Further 

risk mitigation may not be required / appropriate.  However, low and accepted risks should be 

monitored and routinely reviewed to ensure that they remain acceptable.  Few risks remain static.  

This area includes ALARP as well as what are known as trivial or negligible risks. (Refer 

Attachment 2). 

 

RESULTS AND CONCLUSIONS 

Following the adoption of risk mitigation actions, the overall the Preliminary Hazard Analysis did not 

identify any major risks on the proposed Shoalhaven Starches Pipeline Project. The highest risk 

levels were identified was low-moderate. These related to bushfire and lightening risk, train 

derailment and potential incidents at the proposed Pestells Lane metering station. These were 

addressed using additional control measures to the proposed modified pipeline design. 

 

Yours faithfully 
URS Australia Pty Ltd 

Alex Horn 
Principal Engineer 

 

 

 
Attachments: 

1. Attachment 1 – Shoalhaven Starches Pipeline – Preliminary Hazard Analysis 
2. Attachment 2 – Shoalhaven Starches Pipeline – Hazard Analysis Manildra Bomaderry 

Pipeline 

 

 



Project Management Procedures Form PMF2-4

Shoalhaven Starches Pipeline Project (MP10-0108) - Preliminary Hazard Analysis 

URSURSURSURS  Australia Pty Ltd

Job No: 43167736 

Risk No.
Stage (Operation 

/ Activity)

Risk description, 

including causes
Location

Consequences and 

Comments re

Consequence Rating

Current

Controls and Comments re

Likelihood Rating

Risk

Category

C
o

n
s
e
q

u
e
n

c
e
s

L
ik

e
li

h
o

o
d

In
it

ia
l 

R
is

k
 R

a
ti

n
g

Additional Controls By Who

C
o

n
s
e
q

u
e
n

c
e
s

L
ik

e
li

h
o

o
d

R
is

k
 R

a
ti

n
g

Engineering design and manufacturing

1 Design

Incorrect design or 

engineering analysis of the 

pipeline, including

stress analysis, thermal 

loading, etc

Non location specific

Pipeline, flanges etc. 

leak, fire, injury etc. 

Asphyxiation. 

Regulatory compliance. Compliance to 

design standards. Review of design is 

included in standards requirements (quality 

control). Adoption of improvements by 

operators through ensuring competency of 

staff. Reputable engineering company used 

with track record.

PEOPLE

ENV.

M

S

RE

RE

I

L

Engineering design expert review
Pipeline 

designer

M

S

RE

RE

I

L

2 Design

Pipeline failure due to poor 

engineering practices or 

inadequate specification of 

material

Non location specific As above As above PEOPLE M RE I Engineering design expert review
Pipeline 

designer
M RE I

3 Manufacturing
Pipe manufacturing defect 

or material under strength
Non location specific

As above. Also loss of 

supply through faulty 

pipe. 

Local pipe manufacturer used. This allows 

for quality control and quality assurance.

PEOPLE AND 

ENVIRONMENT. 

(SUPPLY TO 

MANILDRA)

M H L M H L

4 Manufacturing

Valves and mechanical 

equipment manufacturing 

defect or material under-

strength

Non location specific

As above. Also loss of 

supply through faulty 

pipe. 

Reliance on spec to be robust to capture 

requirements. Selection of valves (fit for 

purpose). Valve station are located in the 

middle of a field - no public in the vicinity. 

Vegetation control. Maintenance 

requirements, including inspection. Five-

yearly risk assessment. PTW for person 

maintaining / fixing. 1st response to leak by 

Manildra. SAOP audit (yearly)

PEOPLE,

(SUPPLY ISSUE 

TO MANILDRA)

MI RE NE Set up SAOP audit regime. TBA MI RE NE

Construction

5
Construction and 

Commissioning

Pipeline not properly 

cleaned or dried after 

hydrostatic testing

Non location specific

Internal corrosion 

which could lead to  

early failure of the 

pipeline, particularly in 

low points.  Leak 

through hole (usually 

bottom of pipe). Fire 

potential.

Hydrostatic testing procedures.  Supervision 

and sign-offs to use of correct procedures.

PEOPLE AND 

ENVIRONMENT. 

(SUPPLY TO 

MANILDRA)

MI RE NE MI RE NE

6
Construction and 

Commissioning

Failure during hydrostatic 

testing, possible injury or 

damage to third parties

Non location specific

Water damage.  

Erosion of land if not 

rectified.

As above. Clear zone (approx 20m either 

side of PL) along pipeline route during 

pressure test. Pipeline has previously been 

X-rayed. Manufacturing and design - see 

above. Buried pipeline. 

PEOPLE,

ENVIRONMENT
NE RE NE NE RE NE

7
Construction and 

Commissioning
Failure during welding Non location specific

Leak at weld. Fire risk. 

Injury.

Procedures for welding. Qualified welders 

only (tested by 3rd party at start of job for 

competency certification). All welds are X-

rayed (NDT). Hydrostatic test.

PEOPLE

ENVIRONMENT
SE RE LOW SE RE LOW

Current Risk Evaluate the Identify the Risk Treat the Risk
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Project Management Procedures Form PMF2-4

Shoalhaven Starches Pipeline Project (MP10-0108) - Preliminary Hazard Analysis 

URSURSURSURS  Australia Pty Ltd

Job No: 43167736 

Risk No.
Stage (Operation 

/ Activity)

Risk description, 

including causes
Location

Consequences and 

Comments re

Consequence Rating

Current

Controls and Comments re

Likelihood Rating

Risk

Category

C
o

n
s
e
q

u
e
n

c
e
s

L
ik

e
li

h
o

o
d

In
it

ia
l 

R
is

k
 R

a
ti

n
g

Additional Controls By Who

C
o

n
s
e
q

u
e
n

c
e
s

L
ik

e
li

h
o

o
d

R
is

k
 R

a
ti

n
g

Current Risk Evaluate the Identify the Risk Treat the Risk

8
Construction and 

Commissioning

Damage of pipe or coating 

during construction
Non location specific

Corrosion and 

subsequent failure. 

Leak and possible 

long term exposure to 

gas. If ignition then 

fire.

Testing of pipe coating before installing. Use 

of selected backfill material to protect pipe. 

Corrosion protection devices (see below). 

Detection through smell, vegetation 

browning off and sonic.

PEOPLE

Long term exposure

Fire

SE

MI

RE

RE

LOW

NE

a) Index the pipe after sponge pigging to provide a 

base-line.

b) Determine how to pick up small, slow leaks.

SE

MI

RE

RE

LOW

NE

9 Operation
Long-term leak causes 

green house effect
as above ENVIRONMENT MI UN LOW

10 Operation
Loss of pipe strength due to 

induction bending
Non location specific

Pipeline leak, fire, 

injury etc. 

Asphyxiation.

Industry guidelines and standards.  

Reputable engineering company with track 

record.

PEOPLE

ENV.

M

S

RE

RE

I

L

Use of long radius bend pipe to allow for pigging S RE LOW

11 Operation

External corrosion due to 

faulty CP system (CP 

system installed or 

commissioned incorrectly)

Non location specific

Corrosion and 

subsequent failure. 

Leak and possible 

long term exposure to 

gas. If ignition then 

fire.

QA of installation process. Regular validation 

of correct operation of CP system.

PEOPLE

Long term exposure

Fire

SE

MI

RE

RE

LOW

NE

SE

MI

RE

RE

LOW

NE

Long-term leak causes 

green house effect
as above ENVIRONMENT MI UN LOW MI UN LOW

External impact

12 Operation
Buried utility installation or 

maintenance (open cut)
Non location specific

Damage to coating or 

pipeline. May lead to 

major damage to 

pipeline depending on 

force of digging 

equipment and wall 

strength. If leak then 

release of flammable 

gas. If ignited, fire.

Registered with Dial-Before-You-Dig 

organisation. Operator supervision during 

digs near pipeline. Signage. Wall thickness 

to preclude rupture in T1 and T2 locations. 

Marker tape above the pipe. Concrete slab 

over pipeline in high risk areas (railway and 

road crossings) or increased depth. Heavier 

pipe (design factor 0.6) at road crossings.

PEOPLE:

R1 AND R2

T1

MA

MA

RE

RE

I

I

a) Set up inspection regime (1/week).

b) Determine design criteria for Rural Class 

locations where dwelling is encompassed in the 

consequence heat radiation contour as per 

AS2885.1.

MA

MA

RE

RE

I

I

13 Operation
Kell's Caltex fuel storage 

(about 50m from pipeline)

As above. May lead to 

propagation to fuel 

storages.

a) Determine what fire water capability is 

available at the Caltex fuel tanks.  

b) Determine what fuel is held in tanks, 

including volumes.

c) Emergency response plan to take this 

scenario into account.

d) Determine distance to fuel storage.

PEOPLE:

R1 AND R2

T1

MA

MA

LOW

Complete quatitative risk assessement based on 

information from owner

MA

MA

NEG

LOW/ 

MODE

RATE

14 Operation

Hitchcock's Transport 

company's dangerous good 

storage (50 m away)

As above. May lead to 

propagation to nearby 

storages.

a) Determine type of storages and quantities 

at Hitchcock's transport.

b) Determine distance to the dangerous 

goods storage.

PEOPLE:

R1 AND R2

T1

MA

MA

LOW

Complete quatitative risk assessement based on 

information from owner

MA

MA

LOW LOW
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Project Management Procedures Form PMF2-4

Shoalhaven Starches Pipeline Project (MP10-0108) - Preliminary Hazard Analysis 

URSURSURSURS  Australia Pty Ltd

Job No: 43167736 

Risk No.
Stage (Operation 

/ Activity)

Risk description, 

including causes
Location

Consequences and 

Comments re

Consequence Rating

Current

Controls and Comments re

Likelihood Rating

Risk

Category

C
o

n
s
e
q

u
e
n

c
e
s

L
ik

e
li

h
o

o
d

In
it

ia
l 

R
is

k
 R

a
ti

n
g

Additional Controls By Who

C
o

n
s
e
q

u
e
n

c
e
s

L
ik

e
li

h
o

o
d

R
is

k
 R

a
ti

n
g

Current Risk Evaluate the Identify the Risk Treat the Risk

15 Operation

Road maintenance or 

reconstruction, fence 

construction or 

replacement, geotechnical 

investigation (drills or test 

pits)

Non location specific As above As above

PEOPLE:

R1 AND R2

T1

MA

MA

RE I
Decide whether the deviation across the Princess 

Highway (same as existing pipeline) is required).
MA

MA

RE I

16 Operation

Farming equipment / 

earthmoving equipment 

damages pipeline

Cross of field before 

Princess Hwy.

Manildra owned cattle 

grazing field.

As above

As above. Manildra owned land is under 

their control. Distance of burial set to allow 

for cropping (1200mm depth).

PEOPLE:

R1 AND R2

T1 (industrial land)

MA

MA

RE I
MA

MA

RE I

17 Operation

Pipe damage due to railway 

track maintenance or 

reconstruction

Along full length of pipe as it 

runs along the railway line
As above

RailCorp's internal management practices 

including knowing what pipelines etc. are in 

their easement. Depth of boring specified as 

minimum 1200mm). Thrust boring or under 

boring at railway crossing provides 

excessive depth (maybe 2.5m depth). 

Signage. 

PEOPLE:

R1 AND R2

T1 (industrial land)

MA RE I MA RE I

18 Operation
Train derailment damages 

buried pipeline

Along full length of pipe as it 

runs along the railway line

Train hurtling worn the 

track, derails and 

damages the pipeline.

Railway internal management, including 

speed limits. No bend on railway line and no 

road crossing in the full length of the pipeline  

- derailment highly unlikely. Depth of burial 

1200mm in railway corridors. Thrust boring 

or directional boring under railway crossings. 

Wall thickness and robust design.  

PEOPLE

CA

MA

HY

RE

I Bury pipeline suitable distance from rail line

CA

MA

UN I

19 Operation
Heavy vehicle damages 

buried pipeline

Princes Hwy crossing of 

pipeline.

Along Maroo Road.

Heavy vehicle plunges 

onto pipeline causing 

damage.

Speed limits. Weight restrictions on Maroo 

Rd. Thrust boring under Highway. Depth of 

burial min 1,200mm under road. Wall 

thickness and robust design.

PEOPLE MA HY LOW MA UN LOW

Through compaction by 

HVs on pipeline (in front  of 

transport/courier company)

Compactation may 

lead to stress and leak 

at pipeline

Weight restrictions on Railway St. Depth of 

burial min 1,200mm under road. Wall 

thickness and robust design.

PEOPLE

Long term exposure

Fire

SE

MI

HY N
Pipeline to go on other side of the transport 

receiving company (Courier Company).

SE

MI

HY N

20 Operation

Above ground equipment 

damaged by out of control 

vehicle

Pestells Lane

Damage to above 

ground pipe and 

associated equipment 

leads to leak, fire, 

injury.

Straight road. Low traffic on country access 

laneway Fence. Robust piping design.
PEOPLE MA UN HIGH

Install Armco (or similar) fencing at Pestells Lane 

site.
MA RE LOW

Meter Station at Bolong Rd

Damage to above 

ground pipe and 

associated equipment.

Straight road. Speed restriction (60km/hr 

zone). Robust piping design. Distance from 

road to meter station is about 30-40 meters.

PEOPLE MA RE I

a) Install Armco (or similar) fencing at metering 

station on Bolong Road.

b) Install cyclone fence at metering station at 

Bolong Rd.

MA HY L

Natural event
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Shoalhaven Starches Pipeline Project (MP10-0108) - Preliminary Hazard Analysis 

URSURSURSURS  Australia Pty Ltd

Job No: 43167736 

Risk No.
Stage (Operation 

/ Activity)

Risk description, 

including causes
Location

Consequences and 

Comments re

Consequence Rating

Current

Controls and Comments re

Likelihood Rating

Risk

Category

C
o

n
s
e
q

u
e
n

c
e
s

L
ik

e
li

h
o

o
d

In
it

ia
l 

R
is

k
 R

a
ti

n
g

Additional Controls By Who

C
o

n
s
e
q

u
e
n

c
e
s

L
ik

e
li

h
o

o
d

R
is

k
 R

a
ti

n
g

Current Risk Evaluate the Identify the Risk Treat the Risk

21 Operation

Damage to pipeline due to 

Earthquake, Ground 

movement, due to land 

instability for a range of 

causes, mine collapse.

Along full length of pipe as it 

runs along the railway line

Damage to pipeline. 

Leak of flammable 

gas. Possible fire or 

explosion.

Not known as an earthquake prone location. 

No mining subscidence known to occur in 

the area. Pipelines have oncsiderable tensile 

strength.

PEOPLE MA RE I MA RE LOW

22 Operation

Damage to pipeline due to 

Floods, leading to erosion 

or impact damage or 

Inundation, leading to 

flotation of the pipeline.

Pipe along the full length.
Erosion damages to 

earth cover.

Buried pipe is not likely to be affected from 

flood. Water velocities are low - erosion 

probability is low. Regular inspections and 

patrol.

(SUPPLY TO 

MANILDRA)

ENVIRONMENT MI UN L MI UN L

Pestells Lane above ground 

facility.
As above

Design of above ground equipment to take 

impact from debris etc. from floods. Flooding 

study shown that water velocities are low.

(SUPPLY TO 

MANILDRA)

ENVIRONMENT MI UN L

Flood propensity at Pestells Lane is low.

MI UN L

Bolong Rd meter station. As above

As above. Also: Water baths and other 

equipment in the meter station will be 

located at height (about 2m above ground) 

as per Flood Study undertaken as part of the 

ethanol upgrade recently conducted. 

(SUPPLY TO 

MANILDRA)

ENVIRONMENT MI UN L MI UN L

23 Operation
Damage to pipeline due to 

Lightning

Along full length of pipe as it 

runs along the railway line

Damage to pipeline. 

Leak of flammable 

gas. Possible fire or 

explosion.

Not in a high-likelihood area for lightning. 

Control of vegetation along the pipeline - no 

trees close-by. Buried pipeline - some 

dissipation of lightning energy.

PEOPLE MA HY LOW
Pipeline buried along length and earth protected 

when above ground.
MA UN LOW

24 Operation

Damage to pipeline due to 

Wind and cyclone or Bush 

fire

Along full length of pipe as it 

runs along the railway line

Damage to pipeline if 

excessive heat 

radiation.

Not a bush fire prone area (pipeline does not 

run through wooded areas). Small bush fire 

will not damage buried pipeline.

PEOPLE MA HY LOW
Ensure vegetation cleared at all times. Gravel 

surfaced enclosure to reduce fire risk
MA HY LOW

Operation & maintenance

25 Operation

Incident due to inadequate 

or inaccurate pipeline 

location information

Non location specific

Excessive risk of 

external interference, 

rerouting, issues with 

construction etc. Time 

delays. Possible 

penalties.

Detailed assessment of existing 

infrastructure to be completed.  

Infrastructure location, air test, soil sampling, 

geotec done before final route selection.  

Early contractor involvement (including at 

this risk assessment).

PEOPLE, 

ENVIRONMENT 

(SUPPLY TO 

MANILDRA), 

MI UN LOW MI UN LOW

26 Operation
Damage or defects not 

detected or not reported
Non location specific

Defects not being 

picked up could cause 

damage to pipeline 

resulting in leak and 

fire. SCADA system 

giving false reading 

leading to excessive 

alarms and operator 

not registering alarms.

Reputable companies used, track records 

checked. NDT tests done on all welds. URS 

safety management system used for 

construction, including incident and accident 

management. 

PEOPLE MA RE I

Links to be established between URS safety 

management system, incident reporting, with 

Manildra

MA RE I
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27 Operation
Operated outside design 

range
Non location specific

EGP may at some 

stage increase their 

MAOP to 16,550kPa. 

Pipeline designed for current MAOP of 

supply pipeline
PEOPLE MA RE I

a) Additional wall thickness to be provided at the 

pipeline in front of the first control valve at Pestells 

Lane.

b) And/or a regulator and relief valve may be 

installed at the tie-in to the EGP to

eliminate the possibility of the MAOP of the 

Bomaderry-Manildra Lateral being exceeded (Ref 

FEED study).

MA RE I

28 Operation

Maloperation of Openings 

(Vents, drains, relief 

discharges, maintenance 

mistakes, instrument 

maintenance, sample 

points, spillage, purging, 

blockage, accidental 

isolation, water freezing in 

vent, failed relief devices)

Above ground equipment 

(Pestells Lane and Bolong 

Rd metering Stn).

Leak through a small 

orifice. Exposure to 

high pressure gas. If 

ignition source then 

possibility of fire.

Detection through smell and SCADA system. 

Regular inspection and maintenance regime. 

Training of technicians. PTW system in 

place including safe work method 

statements.

PEOPLE S UN I

a) Isolation requirements and ability to 

depressurise to be verified during detailed design. 

Suitable by-passing on valves.

b) Pipe marking on flows.

c) Work permit system to be tailored for the 

pipeline use.

d) Seek industry benchmarking from technicians.

e) HAZOP to be conducted on final design.

f) Control of any changes to pipeline to be 

formalised. Appropriate links with Manildra to be 

established.

S RE LOW

Corrosion / Erosion

29 Operation

External corrosion due to 

coating damage/ disbonding 

- tree roots, failure to repair

Non location specific

Corrosion and 

subsequent failure. 

Leak and possible 

long term exposure to 

gas. If ignition then 

fire.

Management of the right-of-way to control 

vegetation along the pipeline route. Regular 

pipeline inspection and patrol. SCADA 

system.

PEOPLE

Long term exposure

Fire

SE

MI

RE
LO

NE

Decide on how to link into SCADA.
SE

MI

RE
LO

NE

30 Operation

External corrosion due to 

faulty CP system (CP 

system incorrectly 

monitored or maintained)

Non location specific

Corrosion and 

subsequent failure. 

Leak and possible 

long term exposure to 

gas. If ignition then 

fire.

Regular pipeline inspection and patrol. 

SCADA system. Training of technicians. 

Supervision and procedures.

PEOPLE

Long term exposure

Fire

SE

MI

RE

RE

LOW

NE

SE

MI

RE

RE

LOW

NE

31 Operation

External corrosion due to 

Local earth potential rise 

due to earthing fault or 

lightning

Non location specific

May cause damage to 

coating and pipe. May 

lead to pipe failure and 

fire.

Lightning strike is a low frequency event in 

this location. Vegetation (tree) control. 

Buried pipeline. Assessment of soil 

conductivity - for high conductive soils, 

remediation required (e.g. Coating or non 

conductive padding). Geotech investigation 

to be conducted.

PEOPLE

Long term exposure

Fire

SE

MI

RE

RE

LOW

NE

SE

MI

RE

RE

LOW

NE
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32 Operation Internal corrosion Non location specific

Internal corrosion is 

virtually excluded from 

clean hydrocarbon. 

Pipeline assessment by Operator. 

Independent reviewer contracted to check 

that the control of corrosion meets with best 

available practice. Baseline pipeline status to 

be determined at pipeline installation. Wall 

thickness and low design factor.

PEOPLE

Long term exposure

Fire

SE

MI

RE

RE

LOW

NE

Gas testing to be done periodically (regime to be 

determined) to validate gas composition provided 

by supplier.

SE

MI

RE

RE

LOW

NE

33 Operation

External corrosion due to 

coating damage/ disbonding 

- soil chemistry 

(contaminated fill, acid 

sulphate soil)

Non location specific

External corrosion 

damages pipeline. 

Leaks and fire. Green 

house gas emission.

Soil samples to be taken prior to final route 

selection. 

PEOPLE

Long term exposure

Fire

SE

MI

RE

RE

LOW

NE

SE

MI

RE

RE

LOW

NE

34 Operation

External corrosion due to 

interference from other CP 

system

Across the main easement 

at Princess Hwy. Along 

Pestells Lane. 

External corrosion 

damages pipeline. 

Leaks and fire. Green 

house gas emission.

Setting of CP to over for induced current 

during installation. Pipeline is installed at 

opposite side of road along Meroo Rd.

PEOPLE

Long term exposure

Fire

SE

MI

RE

RE

LOW

NE

SE

MI

RE

RE

LOW

NE

35 Operation

External corrosion due to 

Induced voltages from 

parallel power lines (steady 

state and fault condition) - 

effects on personnel and 

equipment

High voltage (11kV):

At the pressure reducing 

station at Bolong Rd 

(perpendicular to the 

pipeline).

At easement crossing over 

the Princess Hwy (about 

500m).

At Pestells Lane.

Low voltage (415V): along 

industrial and residential 

developments.

External corrosion 

damages pipeline. 

Leaks and fire. Green 

house gas emission.

Installed as per design criteria and 

guidelines (e.g. API).

PEOPLE

Long term exposure

Fire

SE

MI

RE

RE

LOW

NE

SE

MI

RE

RE

LOW

NE

36 Operation

External corrosion due to 

stray currents from the 

railways

Pipeline along railway

External corrosion 

damages pipeline. 

Leaks and fire. Green 

house gas emission.

Current railway is not electrified. 

PEOPLE

Long term exposure

Fire

SE

MI

RE

RE

LOW

NE

Provide insulation flanges to the pipeline in 

sections along the railway (in the event of future 

electrifying of the railway).

SE

MI

RE

LOW

NE

37 Operation

External corrosion due to 

Buried HV cables - pipe 

damage due to cable failure

Possible buried HV cables 

along Fletchers lane

External corrosion 

damages pipeline. 

Leaks and fire. Green 

house gas emission.

Installed as per design criteria and 

guidelines (e.g. API).

PEOPLE

Long term exposure

Fire

SE

MI

RE

RE

LOW

NE

Check whether there are buried cables along 

Fletchers lane. If thee then re-route to other side 

of road.

SE

MI

H NE

Long Term Weakening
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38

Internal/external corrosion, 

erosion, stress 

corrosioncracking, thermal 

creep, thermal cycling, 

embrittlement,  vibration, 

metal fatigue

Non location specific

Coastal environment 

gets changes in 

atmospheric 

temperatures.

Packed pipe with low 

off take may cause 

temperature variation.

Buried pipeline is not sensitive to climatic 

variation. Long term pressure flictuations 

leading to potential stress corrosion cracking 

(30000-40000 cycles).

Pipeline is pressurised. Bath heater control. 

Bath heater design to industrial design 

practice.

PEOPLE

Long term exposure

Fire

SE

MI

HY NE

Pipeline shall have provision for intelligent pigging 

at Pestells Lane and at Bomaderry pressure 

reduction station. Pig launcher and receiver 

provisions to be in design.

SE

MI

HY NE

Emergency response

39 Operation
Malicious damage 

(vandalism)

Above ground installation at 

Pestells Lane.

Above ground installation at 

Bolong Road.

Buried pipeline.

Damage to equipment. 

Hazard to person 

inflicting the damage. 

Possible removal of 

protective feature (e.g. 

CP).

Above ground installations to be fitted with 

fencing and locked gates. Signs as per 

Australian Standards for flammable gas. 

Buried pipelines highly unlikely to be 

tampered with. 

PEOPLE (SUPPLY 

TO MANILDRA)
S RE L

Above ground installations to be fitted with sensor 

alarm (on gate and possibly on movement) and 

with CCTV on valves.

S RE L

40 Operation
Terrorist attack or civil 

disobedience

Above ground installation at 

Pestells Lane.

Above ground installation at 

Bolong Road.

Buried pipeline.

Damage to equipment. 

Hazard to person 

inflicting the damage. 

As above. Also, terrorism attack is unlikely in 

this location.

PEOPLE (SUPPLY 

TO MANILDRA)
M HY L M HY L

41 Operation

Escalation of incident due to 

inadequate or ineffective 

emergency

management

Fuel tanks and DG store, 

refer to 12 Above.
Refer to 12 Above Refer to 12 Above Refer to 12 Above

Incident at metering station 

along Bolong Rd.

Consequences 

(pressure, heat 

radiation, missiles) to 

Bolong Rd uses. May 

cause injury. Closure 

of road.

Distance to Bolong Rd (about 50 meters) 

provides some buffer. People tend to move 

past the metering station by vehicle (some 

speed). Prevention and protection as 

discussed above. Isolation of flow at Pestells 

Lane. Remote closing valve (slam shut) to 

be installed at the entrance to the metering 

station.

PEOPLE (SUPPLY 

TO MANILDRA)
M RE I

a) Determine appropriate emergency response in 

case of an incident at Bolong Rd (with Emergency 

Services).

b) Liaison with Emergency Services regarding 

new pipeline to be had. 

M RE I

Incident at metering station 

along Pestells Lane.

Consequences 

(pressure, heat 

radiation, missiles) 

may impact on 

adjacent Jemena 

metering station.

Prevention of unlawful entry and tampering. 

Trained technicians only working in 

compound. Some separation between 

stations (about  10m). Robust design will 

cope with some heat radiation. Flowing gas 

pipelines are less likely to be affected by 

heat radiation than stagnant. Two networks 

available for Nowra). 

SUPPLY (Jemena) MA RE I

a) Links with Jemena ERP.

b) Separation distance to ensure heat radiation 

barrier impact on future residential development.

NE RE

LOW/ 

MODE

RATE
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42 Operation

Thermal expansion, 

external fire impacting 

Manildra above ground 

equipment (bush fire risk, 

see above)

Above ground equipment 

(Pestells Lane and Bolong 

Rd metering Stn).

Pressure excursion 

and possible leak 

through flanges. May 

lead to jet fire.

Vegetation control. Not high risk bush fire 

area.  Fenced compound with controlled 

access.

PEOPLE S HY NE Refer Action 39 b) MA LOW

LOW/ 

MODE

RATE
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REPORT 

1 INTRODUCTION 

Pinnacle Risk Management has been requested to perform hazard analysis on 
previously identified potential hazardous events associated with the proposed 
Manildra to Bomaderry natural gas pipeline.  The three potential hazardous 
events analysed in this report are: 

� Jet fire; 

� Flash fire; and 

� Explosion. 

As there are only three events of interest involving pressurised gas releases, 
the risk is assessed via a risk matrix using appropriate numerical techniques to 
estimate the consequential impacts and likelihoods.  That is, scenario based 
risk assessment is performed. 

For each event assessment, the gas releases are modelled to determine the 
potential consequential impacts.  This allows determination of a consequence 
rating for use in the risk matrix. 

Then the likelihood for each potential event is estimated using published 
criteria.  This allows determination of a likelihood rating for use in the risk 
matrix. 

By combining the consequence rating with the likelihood rating on the risk 
matrix the overall level of risk for each event can then be determined. 

2 JET FIRE 

2.1 JET FIRE CONSEQUENCE CALCULATION 

The jet fire consequence calculations for this hazard analysis have been 
performed using the methodologies in TNO’s EFFECTS program (Ref 1). 

For hazard analysis of jet fires, each scenario defined by the analyst is 
modelled using an appropriate release rate equation based on the release 
situation and the initial state of the material.  The flame length of the potential jet 
fires are then calculated based on parameters such as the release rate.  The 
consequential impact value of interest at a particular location (i.e. radiant heat) 
can be obtained from the results. 

To estimate the risk of the worst case outcomes, only full pipe fractures are 
assessed in this hazard analysis. 
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Pipe details are summarised as flows: 

� Diameter is 150 DN (nominal diameter) (the inside diameter is 
approximately 156 mm); 

� Pipeline length is 5.5 km; 

� Operating pressure is 88 to 140 barg (140 barg is used in this 
assessment as it will representative the largest gas release and hence is 
worst case); 

� Operating temperature is assumed to be ambient (temperature changes 
have minimal impact on the results). 

The analysis of the potential jet fires from the natural gas line failures is shown 
in Table 1.  The estimated maximum (initial) release rate is 286 kg/s.  As the 
pipeline pressure decreases during the event, this flow will also decrease.  Note 
that this flow is also calculated from a one-sided release.  The downstream 
section of the pipeline has little pressure support and hence will rapidly 
decrease in pressure.  For comparison, the results are also shown for half this 
initial flowrate, i.e. 143 kg/s.  Also, a horizontal jet is also modelled to estimate 
the drop in radiant heat from the tip of the jet (i.e. along the long axis of the jet). 

Table 1 – Jet Fires 

Scenario Release 
Diameter, 

mm 

Length 
of Jet, m 

Distance to Specified Radiant Heat Level, m 

   23 kW/m
2
 12.6 kW/m

2
 4.7 kW/m

2
 

Natural Gas, 140 
barg, 20

o
C, at 286 

kg/s – vertical jet 

156 122 Note 1 60 135 

Natural Gas at half 
the initial flow, i.e. 
142 kg/s – vertical 
jet 

156 83 Note 1 40 95 

Natural Gas, 140 
barg, 20

o
C, at 286 

kg/s – horizontal jet 

156 122 For the horizontal jet case, the radiant heat at 
a location away from the tip of the jet 
decreases from 150 kW/m

2
 to less than 10 

kW/m
2
 over 40 m from the jet tip 

 

Notes: 

1. Radiant heat is the heat flux received at ground level assuming a vertical 
flame from ground level.  For a vertical jet, the predicted maximum 
ground level radiant heat is 20 kW/m2.  This value will be increased if the 
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jet is at an angle, i.e. closer to the horizontal.  See the last line of data in 
Table 1 for the maximum impact from a horizontal jet. 

Typical rules-of-thumb for property and equipment damage escalation are (Ref 
2): 

� Radiant heat exceeding 37.5 kW/m2 for 10 minutes; 

� Radiant heat above 23 kW/m2 for longer durations; and 

� Jet fire flame impingement on vessels or structural steel that are not 
protected for 15 minutes. 

The modelled event has estimated jet fire lengths that can therefore result in 
propagation to adjacent property and equipment items.  This can be due to 
radiant heat from a non-vertical jet or direct flame impact if the jet is horizontal 
(or close to it). 

For assessment of the effects of radiant heat on people, it is generally assumed 
that if a person is subjected to 4.7 kW/m2 of radiant heat and they can take 
cover within approximately 20 seconds then no serious injury, and hence 
fatality, is expected.  However, exposure to a radiant heat level of 12.6 kW/m2 
can result in fatality for some people for limited exposure durations.  Therefore, 
fatality from radiant heat exposure is of concern for radiant heat values above 
4.7 kW/m2, in particular, when the exposure duration is long or radiant heat is 
above 12.6 kW/m2. 

Flame tilt of jet fires is possible due to the wind.  However, as the potential jet 
fire cases (whether the flames are tilted or not) have the potential to result in 
propagation then modelling of flame tilt is not included in this report.  It is 
assumed that a tilted flame has the potential for propagation as well as a non-
tilted flame. 

For information, the radiant heat values of interest (DoP, HIPAP No. 4 and ICI 
HAZAN Course notes) are shown in Table 2 and  

Table 3. 

Table 2 - Radiant Heat Impact 

HEAT FLUX 

(kW/m
2
) 

EFFECT 

1.2 Received from the sun at noon in summer 

2.1 Minimum to cause pain after 1 minute 

4.7 Will cause pain in 15-30 seconds and second degree burns after 30 
seconds.  Glass breaks 

12.6 30% chance of fatality for continuous exposure.  High chance of injury 

Wood can be ignited by a naked flame after long exposure 
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HEAT FLUX 
(kW/m

2
) 

EFFECT 

23 100% chance of fatality for continuous exposure to people and 10% 
chance of fatality for instantaneous exposure 

Spontaneous ignition of wood after long exposure 

Unprotected steel will reach thermal stress temperatures to cause 
failure 

35 25% chance of fatality if people are exposed instantaneously.  
Storage tanks fail 

60 100% chance of fatality for instantaneous exposure 

 

Table 3 – Estimated Effects of Radiant Heat on People 

Radiant Heat 

(kW/m2) 

Impact 

37.5 100% lethality in 1 minute 

25 1% lethality in 10 seconds 

15.8 100% lethality in 1 minute (as above), significant injury in 10 seconds 

12.5 1% lethality in 1 minute, first degree burns in 10 seconds 

10.4 Pain after 3 seconds of exposure (CIA, Guidance for the Location 
and Design of Occupied Buildings on Chemical Manufacturing Sites, 
1998) 

6.3 Emergency actions lasting 1 minute can be performed by personnel 
without shielding but with appropriate clothing (API RP 510) 

4.7 Emergency actions lasting several minutes can be performed by 
personnel without shielding but with appropriate clothing (API RP 
510) 

2.1 Minimum to cause pain after 1 minute 

 

Given the results shown in Table 1, both significant property and equipment 
damage can be expected from a catastrophic pipe failure and corresponding jet 
fire as well as the potential for multiple injuries or fatalities if people are near to 
the break.  The likelihood of a potential jet fire is analysed in the following 
section to hence determine the risk. 

2.2 JET FIRE LIKELIHOOD ESTIMATION 

From the review of historical incidents associated with pipelines, the main cause 
for losses of containment is third party activities (corrosion and mechanical 
failures are the other main contributors).  Third party activities typically account 
for 20 to 60% of recorded losses of containment for piping systems outside of 
site boundaries. 
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A summary of the likelihood of failure of pipelines is given Table 4 (Refs 3 and 
4). 

 

 

Table 4 – Pipelines Failure Data 

Source of Data: Failure Frequency (per km per year) 

US Dept of Transport, Natural Gas Pipelines, 
1970 – 74 

7.8 x 10
-4

 

CONCAWE, Oil Industry Pipelines, 1972 – 76 1.05 x 10
-3

 

CONCAWE, Oil Industry Pipelines, 1987 – 91 0.5 x 10
-3

 

CONCAWE, Oil Industry Pipelines in Western 
Europe, 1975 – 80 (6” lines) 

1.2 x 10
-3

 

CONCAWE, Oil Industry Pipelines in Western 
Europe, 1966 – 76 

0.7 x 10
-3

 

ICI Mond UK, Processing Plant Pipelines, 
Catastrophic Failure of Lines Greater Than 
100 mm diameter 

1 x 10
-4

 

ICI Mond UK, Processing Plant Pipelines, 50 
mm Holes in Piping 

3 x 10
-4

 

Canvey Report, Failure of Jetty Pipework 10
-4

 to 10
-3

 (per year) 

Note:  CONCAWE is an organisation of oil companies. 

Work by De La Mare and Andersen (1981) (Ref 3) concluded that the failure 
rates of pipelines appear similar even where the fluid handled and the 
environment are different; that the failure rates of oil pipelines depend on the 
diameter (inversely proportional), that about half of the failures can be attributed 
to external factors; and that pipelines tend to exhibit wearout failure.  The 
consistency of the data presented above supports these conclusions. 

More recent pipeline analysis (Ref 5) shows a downward trend in gas and oil 
pipeline failure frequencies in the UK.  The failure frequency over the last 5 
years (2002-2006) is 0.028 incidents per 1000 km per year compared to 0.248 
incidents per 1000 km per year during the period 1962-2006.  That is, a modern 
failure rate in the order of 3 x 10-5/yr.km is expected in countries with advanced 
controls.  This value compares well with the likelihood of major pipeline failures 
quoted in Ref 6 of 3.3 x 10-5/yr.km.  Given that the pipeline will be built to 
comply with and in some cases exceed the requirements of AS2885 (Pipelines 
– Gas and Liquid Petroleum) then use of this pipeline failure rate is justified in 
this hazard analysis. 
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Once a leak occurs, the probability of ignition is sourced from Ref 7.  For large 
gas releases, i.e. greater than 50 kg/s, the probability of ignition is taken as 0.3.  
From this, approximately one third are quoted as leading to an explosion, i.e. 
the overall probability of ignition and then explosion is 0.09.  Given that 
approximately 50% of the causes are likely to be third party activities and hence 
ignition sources are likely to be present at the time of initial release then the 
probability of ignition leading to a jet fire is approximated as 0.15.  This results 
in an approximated probability of ignition resulting in a flash fire of 0.06. 

Therefore, the overall likelihood of a jet fire is estimated to be: 

Jet Fire Likelihood = 3 x 10-5 per km per year x 0.15 ignition probability 

  = 4.5 x 10-6 times/year.km 

Given that the consequential impact distance of interest in this hazard analysis 
is up to 160 metres from the point of failure, then the likelihood of a jet fire 
impacting a particular point of interest from a failure in either direction is: 

Jet Fire Likelihood = 4.5 x 10-6 per km per year x 0.32 kms 

  = 1.4 x 10-6 times/year 

It is also understood that in the areas of potentially higher consequential impact, 
e.g. populated areas, the pipeline is to be encased in concrete to lower the risk 
of a loss of containment.  As approximately half of the pipeline failures are a 
result of third party activities, e.g. damage by an excavator, then the concrete 
casing is expected to largely mitigate this cause.  Therefore, the estimated 
likelihood of a jet fire can be halved (i.e.7 x 10-7 times/year) in the areas where 
the concrete casing exists. 

2.3 JET FIRE RISK ANALYSIS 

In this hazard analysis, the approach adopted to assess the risk of the identified 
hazardous events is scenario based risk assessment as only three main types 
of events are being analysed, i.e. jet fires, flash fires and explosions. 

The scenario based risk assessment approach analyses each of the possible 
hazardous events individually, in this case via a risk matrix (Refs 8 and 9).  A 
mixture of qualitative and quantitative techniques is used as appropriate to 
assess imposed risk. 

A generic risk matrix used for risk assessment by Pinnacle Risk Management is 
shown in Figure 1.  This matrix has been derived from a review of relevant 
Australian and British standards (e.g. AS 4360). 

The risk matrix allows the combination of consequence and likelihood (i.e. risk – 
the likelihood of any defined adverse outcome) to be shown clearly and quickly 
on a graphical basis. 
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The position in the matrix of estimated risk allows an assessment of the 
magnitude of each risk contributor to the overall level of risk.  That is, the higher 
the combination of likelihood and consequence, the higher the contribution to 
overall risk.  This provides a basis for development of appropriate risk reduction 
strategies.  Through inspection of the major risk contributors and an 
understanding of the cost associated with particular risk reduction strategies, 
cost-effective risk reduction strategies can be developed. 
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Figure 1 – Risk Matrix 
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Severe 
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Catastrophic 

 

The generic form of the matrix allows its use for various risk categories, e.g.: 

� safety and health; 

� environment; and 

� business impact. 

For the risk matrix shown in Figure 1, there are three broad categories of risk. 
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The Class I area indicates a high level of risk which is intolerable and where risk 
reduction is required.  This requires the reduction of frequency and/or 
consequence. 

The Class II area indicates a moderate level of risk.  Whilst the risk is not 
unacceptable, there should be practical measures taken to lower the risk if 
economically viable.  For risks where further mitigation is not economically 
viable, judgement needs to be exercised as to whether the level of risk is 
acceptable or not.  This area is the beginning of the ALARP region (i.e. as low 
as reasonably practicable). 

The Class III area indicates a low level of risk and is broadly considered to be 
acceptable.  Further risk mitigation may not be required / appropriate.  However, 
low and accepted risks should be monitored and routinely reviewed to ensure 
that they remain acceptable.  Few risks remain static.  This area includes 
ALARP as well as what are known as trivial or negligible risks. 

Consequential impact can take many forms, e.g. impacts on safety and health, 
environment, public relations, financial, operations, competitive nature, social 
well being, clients, cultural significance, security and legal issues.  
Consequence ratings can be determined for the selected area of interest and 
then applied to a risk matrix.  Consequential impacts used in this report for 
safety and health, and financial impact are given below. 

Table 5 – Consequence Rating – Safety and Health 

 

 Definition 

Minor 

 

Onsite:  Minor injury, first-aid or medical treatment injury (MTI) 

Offsite:  Nuisance / annoyance 

Significant 

 

Onsite:  Loss time incident (LTI), multiple MTIs 

Offsite:  Minor effect, typically of short duration 

Severe 

 

Onsite:  Single or a few serious injuries, permanent disability 

Offsite:  Few people requiring medical treatment.  Emergency plan and services 
used 

Major 

 

Onsite:  Single or a few fatalities (less than 5).  Many injuries 

Offsite:  Serious injuries, tens requiring medical treatment 

Catastrophic 

 

Onsite:  Many fatalities (5 or more).  Numerous serious injuries 

Offsite:  One or more fatalities.  Tens suffering injuries 
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Table 6 – Consequence Rating – Financial Impact 

 

 Definition 

Minor Low financial loss, up to $10,000 

Significant Medium financial loss, limit of $100,000 

Severe High financial loss, limit of $1,000,000 

Major Major financial loss, limit of $10,000,000 

Catastrophic Huge financial loss, over $10,000,000 

 

Given the estimated “Safety and Health” impact of “Catastrophic” (i.e. potential 
for multiple off-site fatalities) with a jet fire likelihood of 1.4x10-6 times/year to 
0.7x10-7/year then the corresponding level of risk as determined by the risk 
matrix (Figure 1) is typically II. 

Given the estimated “Financial” impact of “Major” (i.e. potential for several 
millions of dollars damage) with the same jet fire likelihood of 1.4x10-6 

times/year to 0.7x10-6/year then the corresponding level of risk as determined 
by the risk matrix (Figure 1) is typically II to III. 

Given that the pipeline design is expected to exceed the requirements of AS 
2885 then the risk from potential jet fires is considered to be not intolerable and 
no further safeguards are recommended. 

3 FLASH FIRE 

3.1 FLASH FIRE CONSEQUENCE CALCULATION 

A flash fire is the non-explosive combustion of a vapour cloud resulting from a 
release of flammable material into the open air.  Generally vapour clouds only 
explode in areas where turbulent transition develops and the flame speed 
needs to increases significantly to develop overpressures.  This usually involves 
some degree of confinement.  The main hazards from flash fires, however, are 
from thermal radiation and direct flame contact.  The duration of flash fires is 
normally only a few tenths of a second (Ref 10). 

The effect distance (i.e. due to radiant heat within the cloud) is typically 
estimated by performing a dispersion calculation to determine the maximum 
distance to the LEL (lower explosive limit).  For flash fires, any person inside the 
flash fire cloud is assumed to be fatally injured.  As flash fires are of limited 
duration then those outside the flash fire cloud have a high probability of 
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survival without serious injury.  Equipment and property damage is not a 
significant concern for flash fires as the duration is relatively short. 

The analysis of the potential flash fires from catastrophic failure of the pipeline 
for three typical wind / weather conditions is shown in Table 7.  The distances to 
LEL have been calculated using TNO’s EFFECTS program. 

Table 7 – Flash Fire Radius 

Wind / Weather Conditions Distance to LEL 

F2 800 

D4 350 

B3 190 

Note: The Pasquill atmospheric stability classes are used where F is the most 
stable (A is the most unstable class).  The numbers after the stability classes 
represent the wind speed in m/s. 

Given these potential impact distances then again multiple injuries and/or 
fatalities could be expected if the flash fire occurred in a location where people 
where present and did not escape. 

3.2 FLASH FIRE LIKELIHOOD ESTIMATION 

From Section 2.2, an approximated probability of ignition resulting in a flash fire 
is 0.06. 

Therefore, the overall likelihood of a flash fire is estimated to be: 

Flash Fire Likelihood = 3 x 10-5 per km per year x 0.06 ignition probability 

   = 1.8 x 10-6 times/year.km 

Given that the consequential impact distance of interest in this hazard analysis 
is up to approximately 800 metres from the point of failure, then the likelihood of 
a flash fire impacting a particular point of interest from a failure in either 
direction is as follows.  Note that the impact distance of up to 800 m is 
downwind of the point of release (the wind could be blowing in any direction). 

Flash Fire Likelihood = 1.8 x 10-6 per km per year x 1.6 kms 

  = 2.9 x 10-6 times/year 

This is conservative as the impact distance will be less for other combinations of 
wind / weather conditions as shown in Table 7 and also the estimated likelihood 
is not corrected for the probability of a specific wind / weather combination. 

Again, the estimated likelihood of a flash fire can be halved (i.e.1.4 x 10-6 
times/year) in the areas where the concrete casing exists. 
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3.3 FLASH FIRE RISK ANALYSIS 

Given the estimated “Safety and Health” impact of “Catastrophic” (i.e. potential 
for multiple off-site fatalities) with a flash fire likelihood of 2.9x10-6 times/year to 
1.4x10-6/year then the corresponding level of risk as determined by the risk 
matrix (Figure 1) is typically II. 

Given that the pipeline design is expected to exceed the requirements of AS 
2885 then the risk from potential flash fires is considered to be not intolerable 
and no further safeguards are recommended. 

4 EXPLOSION 

4.1 EXPLOSION CONSEQUENCE CALCULATION 

Potential vapour cloud explosions can occur from flammable gas releases, i.e. 
delayed ignition with confinement.  This results in overpressures that have the 
potential to injure people and damage property and the environment. 

EFFECTS uses the Multi-Energy method for estimation of explosion effects.  
The key feature of the Multi-Energy method is that the explosion is not primarily 
defined by the fuel air mixture but by the environment in which the vapour 
disperses.  Partial confinement is regarded as a major cause of blast in vapour 
cloud deflagrations.  If there is no confinement, a flashfire (i.e. no overpressure 
effects) would occur rather than explosion. 

Within the model, ignition is assumed to occur at the centre of the gas cloud 
formed. 

The degree of confinement must be defined as an input to the model.  
Essentially, this is the proportion of the total mass in the cloud used in the 
dispersion and subsequent explosion calculation.  For example, if 2,000 kg is 
entered as a total mass and 50% as confinement then 1,000 kg is the maximum 
amount that can be included in the explosion calculation.  The actual amount 
used in the Multi-Energy explosion model is calculated by the dispersion 
module. 

For this hazard analysis, the percentage confinement value used is 50% as the 
area surrounding the pipeline, in places, is built-up and also trees can provide a 
degree of confinement. 

The initial strength of the blast is also variable, depending on the degree of 
confinement and on the reactivity of the gas.  In the Multi-Energy method, the 
initial strength is represented by a series of curves relating overpressure to 
distance, where curve 1 means slow deflagration and curve 10 means 
detonation.  An explosion curve number equal to 5 is used in the modelling (i.e. 
a deflagration as methane is not a strongly reactive gas). 
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For the release of natural gas, choked flow exists and rapid jet mixing with air 
occurs.  Larger release durations have no significant impact on the size of the 
vapour cloud as steady state conditions are reached soon after the release 
occurs (i.e. the distance to the LEL does not change at steady state dispersion 
conditions). 

The effects from explosion overpressures (Ref 11) are summarised in Table 8. 

Table 8 – Effects of Explosion Overpressure 

OVERPRESSURE, kPa PHYSICAL EFFECT 

3.5 90% glass breakage 

No fatality, very low probability of injury 

7 Damage to internal partitions & Joinery 

10% probability of injury, no fatality 

14 Houses uninhabitable and badly cracked 

21 Reinforced structures distort, storage tanks fail 

20% chance of fatality to person in building 

35 Houses uninhabitable, rail wagons & plant items overturned. 

Threshold of eardrum damage, 50% chance of fatality for a person 
in a building, 15% in the open 

70 Complete demolition of houses 

Threshold of lung damage, 100% chance of fatality for a person in a 
building or in the open 

 

The analysis of a potential vapour cloud explosion from a catastrophic pipeline 
failure is shown in Table 9. 

Table 9 –Vapour Cloud Explosions 

Scenario Distance (m) 
to 21 kPa 
Explosion 

Overpressure 

Distance (m) 
to 14 kPa 
Explosion 

Overpressure 

Distance (m) 
to 7 kPa 

Explosion 
Overpressure 

Natural Gas, 140 barg, 
20

o
C, at 286 kg/s – 

vertical jet 

70 110 225 

Notes: 1.  The maximum explosive mass in the vapour is similar for all three 
typical wind / weather combinations used in the flash fire calculations so only 
one result is shown (corresponding to the F2 conditions). 
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