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resources to be moved from one business to the other. Unit costs for are based on the latest market 
rates where available. 
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2. Document overview 

2.1. Purpose 

This document articulates our approach to the management of its gas distribution mains and 
services. It is one of several asset strategies developed and maintained for the management of 
MGN’s natural gas distribution network. The Distribution Mains and Services Strategy has the 
following objectives: 

• identify the capital works program for 2023/24 to 2027/28; 

• present cost estimates for the works program; 

• provide justification and evidence that demonstrates the proposed program is prudent and 
efficient (as per requirements of NGR 79); 

• demonstrate that the program cost and volume estimate have been arrived at on a 
reasonable basis (as per requirements of NGR 74); and 

• provide a record of the proposed works program to help inform program delivery and asset 
management during the period (2023/24 to 2027/28). 

The document is intended for use by: 

• MGN staff (and its contractors); and 

• regulators - technical, safety and economic. 

2.2. Scope 

This strategy covers the management MGN’s gas distribution assets. The focus of this strategy is 
on all gas distribution gas mains and services. Assets are located in inner and outer east metropolitan 
Melbourne, the Yarra Ranges and South Gippsland. Gas distribution mains and services for the 
purposes of this strategy are those defined as operating from 1.4 kPa to less than 1050 kPa.  

This document defines the strategy to maintain public and personnel safety, integrity and security 
of supply, through compliance with regulation, technical, and safety standards. This strategy relates 
to MGN’s expenditure requirements in relation to distribution mains and services.  

2.3. Relationship with other key asset management documents 

The Distribution Mains and Services Strategy is one of a number of key asset management 
documents developed and published by MGN in relation to its gas network. As shown in Figure 2-1, 
detailed network strategies, including this Distribution Mains and Services Strategy, inform both the 
Asset Management Strategy (AMS) and Asset Management Plan (AMP) of the programs needed to 
achieve the long-term objectives of the gas distribution network. 
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2.5. Data sources 

The following data sources have been drawn on to develop the Distribution Mains and Services 
Strategy: 

• SAP - the MGN primary asset management database;  

• Tableau - uses an extract (duplicate) of the SAP database so reporting can be performed in 
real time without diminishing the available bandwidth of SAP for business as usual processes; 
and 

• GIS Data - GE Smallworld application used for spatial data representation. 

2.6. References 

• Gas Safety Case 

• Gas Distribution System Code Ver. 15.0 

• AS/NZS 4645 – Gas Distribution Network Management 

• AS/NZS4645.2 - Installation and maintenance of steel pipe systems for gas 

• AS/NZS 2885 Series – Pipelines Gas and liquid Petroleum 

• EP-PL-7600 – Multinet Gas Engineering Standard - Pressure Classifications and Operating 
Pressure Ranges 
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3. Asset overview 

3.1. Introduction 

MGN operates a gas distribution network in eastern Melbourne. It consists of 9,575 km of mains 
operating at high, medium, and low pressures. It also has 78 km of mains operating between 550 
to 1050kPa referred to as high pressure 2 (HP2). The distribution network includes all assets 
between city gates, and the outlet of consumer’s meter assemblies. 

The majority of our distribution system operates at high pressure (HP). HP has a minimum allowable 
pressure of 140 kPa, and a maximum of 515 kPa. The distribution network feed comes from: the 
Declared Transmission System (DTS), Bass Gas (South Gippsland Towns), and MGN’s HP2 network. 
Major facilities known as field regulators or city gates regulate network pressures.  

The MP distribution systems operate between 35k Pa to 210 kPa. Field regulators regulate and 
supply gas typically from the HP networks. The low pressure (LP) distribution systems operate up 
to 7 kPa. District regulators regulate and supply gas typically from high and medium pressure 
networks.  

The gas distribution main age profile encompasses a broad timespan. Some of the oldest mains 
date to the late 1880s. Cast iron was prominent from the beginning, up until the late 1960s. Steel 
(both protected and unprotected) was introduced in the early 1950s. Minor amounts of protected 
steel still used today. PVC and polyethylene made their debut in the early 1970s. PVC usage phased 
out in the early 1990s. Polyethylene (PE) is now the prominent material. 98% of mains constructed 
in the last ten years were PE. 

The mains material type has a major bearing on the maximum allowable operating pressure (MAOP) 
of the network. CI can only operate at medium and low pressures.  We manage the capacity and 
integrity of the network by the replacing obsolete CI mains with PE. At the end of this period there 
will be about 60 m of MP CI remaining in the MGN network. The single piece will be surveyed 
annually for leaks until it is replaced. 

3.2. Network length 

MGN’s distribution network length3, as presented in Figure 3-1, has grown at an average rate of 
0.4% p.a. from 2011 to 2017. This is mainly associated with expansion into the regions of Yarra 
Ranges and South Gippsland along with localised growth and redevelopment within the inner urban 
areas of the network.  

Since 2017, the network length has decreased at an average rate of 0.23% p.a. MGN is still 
experiencing growth of the network via new connections in the aforementioned regions, however, 
the rate of CI mains being decommissioned exceeds the new HP PE mains being laid. This is 
occurring due to optimisation of new network design, and utilising the additional capacity of HP PE.  

For example, one HP PE main can be installed down a single street that currently has end of life 
mains on both sides. The extra capacity of the new PE main can provide sufficient gas to both sides, 
therefore allows old mains on either side to be decommissioned. The decommissioned length of old 
mains can therefore be double the length of installed new network.   

 

 
3 Mains length data based on annual ESV report. 
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Figure 3-1: Total network length 2011 - 2021 

 

3.3. Asset classification and profiles 

3.3.1. Overview 

As discussed in section 3.1, our network comprises a range of pipeline materials operating at 
different pressures. PE is now the prominent material. 

PE polymers have continued to develop since the 1970s. We introduced the latest generation 
polymer (PE100) in late 2014. This generation has greater strength, toughness, improved crack 
growth resistance and rapid crack propagation resistance.  

 

 

 

Table 3-1 details the percentage of mains within the network by operating pressure and material 
classification. 
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123% increase is indicative of the networks failing integrity. Proactive replacement is therefore a 
high priority to maintain public safety and network performance. MP and HP leak incident rates have 
remained stable at 0.098 and 0.032. 

Figure 3-5: Distribution mains leak incident rate by pressure 

 

Leak incident rates by material is shown in Figure 3-6. CI, PVC, and UPS have all increased since 

2018. This is consistent with the trend in low pressure leak incident rates.  

These three material types constitute over 94% of the low pressure network. CI has seen the largest 
increase in leak incident rate over the period. A 226% increase from 2018 to 2020. UPS has seen a 
180% increase over the same period.  

The rate for PE (0.031) and protected steel mains (0.056) remains low and stable. PE and protected 
steel account for 84% of the distribution network. 
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Figure 3-6: Distribution mains leak incident rate by material 

 

 

These graphs demonstrate that the network is deteriorating at an increasing rate. This is primarily 
due to the LP CI and UPS network passing the end of its technical and useful life. Despite there 
being a decreasing volume of these mains in the ground, failures are accelerating in the remaining 
sections of these assets.   

Material or joint failure cause most leaks on CI and UPS. This is due to:  

• corrosion faults, of both mains and fittings;  

• mechanical joint failures, of both mains and fittings, and;  

• fracturing of CI mains. 

We expect leak incidents rates will grow as these asset types deteriorate. Deterioration is 
unavoidable and it is not technically possible to protect these assets from corrosion and external 
stress loading. CI and UPS account for the highest gas leak incidents rates. This makes it prudent 
to focus of the proactive mains replacement program on these asset types. 

3.4.2. Cast iron fractures 

The primary mode of failure for CI mains is pipe fracture. CI mains fracture either circumferentially 
or axially depending on the pipe diameter, extent of corrosion and external stresses. These fractures 
are primary caused by ground movement creating stress on the pipe in excess of its beam9 strength. 
The result is that the main breaks completely, typically into two pieces. Although a seemingly small 
proportion of mains are experiencing fractures, CI main fractures can occur independent of age or 
condition of pipe, making failures difficult to predict.  

 
9 Beam strength of a pipe element is a measure of its ability to withstand load primarily by resisting against bending. The bending force 
induced into the material as a result of the external loads, own weight, span and external reactions to these loads is called a bending 
moment. 
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As shown in Figure 3-7, CI mains fracture volumes (on average) have been declining since 2001. 
The 65% reduction in fracture volumes is a direct result of our targeted cast iron mains replacement 
program. 

Figure 3-7: Distribution mains CI fracture volumes 

 

A fracture on CI compromises the integrity of the pipe and increases the risk of further cracks and 
breaks. This risk is increased by higher operating pressures, with a catastrophic fracture on a MP 
main resulting in an uncontrolled release of a larger volume of gas compared to that from a LP 
fracture. Regardless of operating pressure, the risk of a CI mains fracture represents a hazard that 
impacts public and field personnel safety, with potential for serious harm in the event of a gas 
explosion. 

Fractures are monitored across the network by measuring the number of fractures per km of CI 
mains. This is known as Fracture Incidence Rate (FIR). Over the 2001 to 2015 period FIR was 
increasing. In 2015 MGN switched to prioritised replacement and abandonment of areas with a high 
FIR. Over the 2012 to 2021 period there has been a decreasing FIR, shown in Figure 3-8. 
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Figure 3-8: CI fracture incident rate over time 

 

 

In addition to fractures, CI is susceptible from other forms of failures such as joint failure and 
corrosion. Early jointing of CI was performed by using bell and spigot connections packed with hemp 
and sealed with lead. This joint was eventually phased out in preference of a mechanical type joint 
using bolts and a gasket to form a seal. Both ground movement and the introduction of natural gas 
(drying out the hemp) has resulted in these joints leaking. Where possible joints are repaired by 
injecting a sealant (anaerobic) or externally sealed by encapsulation but in some cases the joint is 
irreparable and requires removal. Corrosion, otherwise known as graphitisation, occurs when cast 
iron is exposed to ground water which dissolves the iron leaving a residual graphite. While CI mains 
below ground will (in general) be exposed to ground water and therefore have some degree of 
corrosion, the overall rate is influenced by soil types. 

The major concern with CI is failure by fracture, however graphitisation represents a concern that 
cannot be dismissed and supports the case that CI is not a suitable material for a gas network. 
Graphitisation results in loss of wall strength and can pose a risk to maintenance personnel from 
sudden mains blow out while in the process of effecting a repair. 

While the resulting volume of gas from a CI fracture (operating at low or medium pressure) is far 
less than a similar sized failure in mains operating at higher pressures, the gas can remain 
undetected for a period of time and can, under the right conditions, cause an explosion. This has 
resulted in a number of fatalities in both the US and UK. 

3.4.3. Unprotected steel mains corrosion 

For UPS mains, the primary concern is corrosion and the development of leaks over time. UPS mains 
deteriorate due to contact with moisture present in the soil. The rate of corrosion varies depending 
on soil characteristics, specifically moisture and acidity. Uncontrolled corrosion will ultimately result 
in numerous, relatively small gas leaks. Steel mains in the low pressure network are not actively 
cathodically protected and as such when the coating on a steel main is breached, rapid metal loss 
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will be experienced at the location where the coating defects occur, eventually allowing gas to 
escape. 

Initially, a leak from an UPS pipe starts as a pinhole leak. Over-time metal loss will increase in size 
and location, allowing more gas to escape, eventually resulting in numerous relatively small gas 
leaks. Eventually, these small leaks multiply and can grow to the point where they threaten the 
integrity of the pipe. In general, the deterioration of bare and unprotected steel accelerates as it 
ages. Clay soils can make detection of the leaks difficult and can act as a conduit through which the 
gas migrates. 

While MGN’s CI and UPS mains replacement program is smaller in comparison with UK and US based 
accelerated mains replacement programs, it addresses proportionally the same risks given the asset 
composition, age and failure conditions. 

3.4.4. Early generation HDPE leaks and fractures (breaks) 

MGN’s PE mains network has the lowest leak incident rate per kilometre in comparison to all other 
material types used on the gas distribution network. Over 2011 to 2021 the PE network exhibited 
average of 0.03 leaks/km despite the incremental volume of polyethylene installed on the network.  

However, much of this good performance is due to the installation of new PE100 during the past 
decade. As shown in Figure 3-9, older, early-generation HDPE exhibits a higher leak rate (0.07 
leaks/km). 

Figure 3-9: Distribution mains PE leak and fracture incident rate comparison 

 

The leak incident rate is decreasing for the overall PE network, however there is an emerging issue 
with older HDPE mains. Introduced in the early 1970s, these early generation HDPE mains are 
experiencing brittle failures because of slow crack growth through the pipe wall. These brittle 
failures, referred to as fractures or breaks (typically associated with previous squeeze-off 
operations) are a subset of the leaks occurring on early generation HDPE mains, and as can be seen 
in the graph above, represent a significant proportion of the leaks/km 

A conservative replacement project is required for early generation HDPE to better understand asset 
performance and condition, so that future replacement programs can be better informed as this 
asset continues to decline. 
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3.4.5. Unaccounted for gas  

UAFG is the difference between the total measurements of gas injected into a pipeline system and 
the total measurements of gas withdrawn from the same pipeline system with a correction for any 
changes in the quantity of gas stored in the pipeline over the measurement period. It is composed 
of a number of contributors which can be roughly categorized as measurement errors, network 
losses/fugitive emissions, or system errors. 

Figure 3-10: UAFG components 

 

Measurement errors are related to metering errors, heating value compensation, gas pressure and 
temperature correction, etc. While fugitive emissions are those relating to general network leakage 
(mains, valves, fittings, meters, regulators etc.), leakage due to third party damage, gas consumed 
during mains commissioning and gas lost from asset abandonment and theft. System errors 
correspond to billing data accuracy, or calculation model errors. 

Specific to mains network leakage, gas losses from the cast iron and un-protected steel are the 
highest, and as a result are considered a material contributor to UAFG. 

Figure 3-11 provides the reconciled annual UAFG actual losses from the MGN metropolitan gas 
network over the period 2011 to 2021 and shows an increasing trend in losses, with the volume 
doubling over the period from 2,128 terajoules (TJ) in 2011 to 3,393 TJ in 2015. This trend aligns 
to the increasing leakage due to ongoing deterioration of the remaining CI and UPS mains, which 
are exhibiting increasing failure rates. Replacing failed cast iron and unprotected steel mains will 
help change this trend. 

A number of strategies10 in addition to asset replacement are in place to reduce UAFG.  It is the 
fugitive losses and the release of methane emissions into the atmosphere that result in an 

 
10 Refer to MG-SP-0017 Un-Accounted for Gas Strategy 
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environmental impact given methane has an atmospheric warming potential 3411 times that of 
carbon dioxide. 

Figure 3-11: UAFG actual losses Metropolitan Melbourne 

 

3.4.6. Supply reliability  

Water in mains and services is the primary supply reliability issue on the MGN low pressure network. 
The ingress of groundwater occurs due to mains breaks, corrosion, and porosity, and is an indicator 
that the pipe has reached the end of its useful life. Network interconnection enables water to travel 
and as a result water can be found in perfectly good pipes with the source of the ingress originating 
from another section of the low pressure network. This movement of water makes it difficult to 
pinpoint the source of the ingress, although it is generally accepted that the aging CI and UPS mains 
are key sources.  

Figure 3-12 details the number of water incidents on both mains and services over the period 2000 
to 2021. It shows an overall increase of service incidents over the period. The chart also provides 
annual rainfall from a single Melbourne based weather observation station12, which is geographically 
located in close proximity to part of the MGN low pressure network.  

 
11 Global warming potential (GWP) source from Wikipedia and based on a 100 year GWP time horizon. 
https://en.wikipedia.org/wiki/Global_warming_potential 
12 Annual rainfall data sourced from the Australian Bureau of Meteorology website. Observation station ‘Melbourne Airport (Station 
086282)’ which is located within close geographic proximity to the MGN Network. Annual rainfall data for this station was the most 
complete and quality checked for the period 2000 to 2021 when compared to other observation stations within the Multinet Gas low 
pressure distribution area. 
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Figure 3-12: Water ingress incidents on LP distribution mains and services – annual rainfall data for a single observatory (Melbourne 

Airport) 

 
 

With the amount of rainfall being a contributing factor to water ingress, it is worthwhile relating the 
annual rainfall trend to that of the incidents of water in mains and services. For service incidents a 
correlation is evident with the changes in annual rainfall - particularly for 2010 and 2011 - which 
recorded comparatively high rainfall in the period and a sharp increase in notifications. In contrast, 
over the period 2018 to 2019, rainfall declined, however notifications doubled over the same period. 
Overall, the variance in water in main incidents shows no clear correlation to that of annual rainfall. 
This could be attributed to planned mains syphon pumping, which reduces the volume of reactive 
water in mains incidents.  

Figure 3-13 provides spatial density13 map of cumulative water in mains incidents associated with 
the low-pressure network over the period 2010 - 2022.  

Figure 3-14 summarises the mean spatial distribution and orientation of water in mains incidents 
for each time-period as per the hotspot maps.  

These are useful for tracking the change in incident distribution over time and the impact of mains 
renewal programs.  

 
13 Method: Point density spatial map of water in mains was developed using the ArcGIS kernel density spatial tool and input dataset, 
water incidents attributed to mains equipment over the period 2000 to 2022. Kernel based on cell size of 50 and search radius of 500m 
and then classified manually, using the mean spatial density value. Additional classes were derived from multiplications of the mean – 
as this is a concept that is generally, easily understood. Before generating a hotspot map of water ingress incidents, Average Nearest 
Neighbour Index summary was performed to test for clustering to ensure the data truly has hotspots of water ingress incidents. The 
NNI result for all three period intervals (2010-2015, 2015-2020, 2020-2022) were less than 1, indicating highly clustered water 
incidents that are unlikely the result of random chance. 
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Figure 3-13: Kernel Point Density Surface classified into multiples of the mean density value for each data set 
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Figure 3-14: Standard deviational ellipses 

 

Standard deviational ellipses have been used here to visualize the distributional trend of water 
ingress incidents across the MGN network. By comparing the size, shape and overlap of the ellipses 
we can track the changing spread of incidents over time and location, to deduce the impact of mains 
renewal projects.14 

 

 

 

 
14 Standard deviational ellipses were calculated using ArcMap’s directional distribution tool. The output ellipses are centred on the mean 
centre for all water ingress incidents for the specified time period and used one standard deviation, to cover 63% of incidents.  
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4. Asset management drivers 

4.1. Network vision  

The MGN vision informs the way we manage and invest in our assets.   

Figure 4-1: Network vision and objectives 

 

When developing our work program and asset management strategies for the MGN network, we 
consider how the work we conduct and investments we make will help achieve the three key vision 
objectives outlined in the figure above. 

These vision objectives and how they relate to the mains and services replacement program is 
summarised in the following sections. 

4.1.1. Delivering for customers 

Our aim is to continue to deliver customers the service they want and value. This includes keeping 
people safe from harm, maintaining a reliable gas supply, and providing quality customer service. 

The MGN gas distribution network is located in densely populated areas. This means we have a duty 
of care to make certain our assets are functioning properly, and that we remove/repair any assets 
that are likely to cause safety risks before they occur.  

4.1.2. A good employer 

We strive to be a leader in health and safety by ensuring employees and contractors are mindful of 
the factors affecting their physical and mental health. This is done through strict health and safety 
procedures, incentive programs and regular workshops and health screenings. 

Wherever practicable and prudent to do so, we aim to apply technologies such as telemetry and 
remote monitoring, which helps limit our employees’ and contractors’ exposure to manual and 
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sometimes hazardous network management activities. We also focus on maintaining asset integrity, 
reducing the risk of leaks and/or failure which carry the potential for harm. 

We aim to ensure high employee engagement by keeping employees up to date with relevant town 
halls and workshops of the entire business. Skills development is also a focus, ensuring both 
contractors and employees have the relevant skills and requirements for performing their roles. 

This strategy aims to achieve a high level of reliability and personnel / public safety through 
proactive (and reactive) replacement of aged and failing mains and services. 

4.1.3. Sustainably cost efficient 

We aim to be sustainably cost efficient, working within benchmarks while still providing benefits to 
the customer and to shareholders. We intend to ensure natural gas remains a competitive, value-
for-money fuel option in line with customer interests and expectations. 

The maintenance and replacement strategies outlined in this document are aimed at improving the 
efficiency of the MGN network – providing the lowest cost of service to network users. We aim to 
deliver these programs for the lowest practicably sustainable cost, and consider a range of options 
before committing to a course of action.  

We are also mindful of our environmental and social responsibilities, and will test our asset 
management strategies and work practices against relevant environmental, sustainability and 
societal obligations. 

4.2. Network objectives 

We manage the network in line with six asset objectives, which are linked to the AGIG vision and 
underpin our asset management practices. Achieving these network objectives enables us to provide 
good customer service, remain a good employer and be sustainably cost efficient.  

Table 4-1: Summary of MGN network objectives 

Operate and invest in assets to 
keep the public and MGN’s 
employees safe 

 

 

MGN will achieve this by: 

• Investing in and operating the network in line with the Gas Safety 

Case, zero harm principle and all laws and relevant industry 

standards; 

• Managing known risks to as low as reasonably practicable 

(ALARP); and 

• Meeting emergency response Key Performance Indicators (KPIs) 

(call centre, high priority leaks). 

Maintain continuity of supply to 
MGN’s customers 

MGN will achieve this by: 

• Meeting network availability KPIs; 

• Maintaining operating pressures through monitoring and 

augmenting MGN’s network; and 

• Addressing leaks in line with MGN’s leak management plan. 

Improve MGN’s customers’ service 
experience in line with their 
expectations 

MGN will do this by: 

• Maintaining accuracy of metering assets within relevant industry 

standards; 

• Delivering valued services to customers at the lowest sustainable 

price; and 
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• Meeting customer KPIs (reliability/outages, safety, complaints, 

and overall customer satisfaction). 

Balance network performance and 
costs to deliver affordable services 

MGN will do this by: 

• Optimising overall asset lifecycle management costs;  

• Maintaining operating efficiency without compromising safety and 

reliability; 

• Developing investment plans that consider stakeholder 

expectations; and 

• Leveraging people, data and technology to deliver continuous 

improvement. 

Promote gas usage to ensure the 
networks remain sustainable  

MGN will achieve this by: 

• Connecting new greenfield expansion projects in a timely manner; 

• Enabling new urban infill connections; 

• Engaging with key stakeholders to develop adequate network 

solutions for future supply options; 

• Increasing long term competitiveness of networks through higher 

asset utilisation; and 

• Promoting use of gas. 

Embrace innovation and work 
towards net-zero emissions 

 

 

MGN will achieve this by: 

• Considering alternative innovative, sustainable and/or lower long-

term cost solutions; 

• Pursuing research and development opportunities where they 

facilitate us to meet MGN’s vision and objectives; and 

• Supporting the decarbonisation of MGN’s gas supplies and the 

move to smarter gas networks. 

4.3. Obligations and responsibilities 

In providing distribution services, we aim to  

• achieve our vision; 

• deliver on our business plan; and  

• comply with our obligations.  

A key aspect of our vision is to deliver for customers. Two of the ways we do this is by ensuring 
public safety and reliability, which entails maintaining the integrity of distribution mains and services.  

The safe distribution of gas is managed within the legislative framework that governs our 
obligations. Key legislation are: 

• Gas Safety Act 2001 (Vic) 

• Occupational Health and Safety Act 2004 (Vic) 

• National Gas Laws (NGL) 

• National Gas Rules (NGR) 

• Work Health and Safety Act 2012 



MGN FINAL PLAN 2023/24-2027/28 
ATTACHMENT 9.7 Distribution Mains and Services Strategy  

 

 

31 31 

• Risk management standards 

Under the Gas Safety Act, we have an obligation to minimise hazards and ensure the safety of our 
workers and the community. This is supported by the Occupation Health and Safety Act. The NGL 
and NGR contain obligations in relation to our pipeline safety duty as well as the requirement for 
the efficient investment in, use, operation and management of assets. Like many of our peers, our 
risk management framework is based on the risk assessment and rating contained in Appendix C of 
AS/NZS 4645 and ISO 31000, which provides guidance on the principles and processes for managing 
risks and a framework for assessing and mitigating risk.  

Our systems, processes and policies are designed to ensure our ongoing compliance with our 
obligations and responsibilities. The requirements of each of these key pieces of legislation are 
summarised in the following sections.  

4.3.1. Gas Safety Act 1997 (Vic) 

The Gas Safety Act 1997 is the primary regulatory instrument in respect of MGN’s obligations 
regarding gas safety.  

According to Section 1 of the Act, the purpose of the Gas Safety Act 1997: 

“…is to make provision for the safe conveyance, sale, supply, measurement, control and 
use of gas and to generally regulate gas safety.” 

Under section 32, AGN has a general duty to: 

“… manage and operate each of its facilities to minimise as far as practicable – 

a) the hazards and risks to the safety of the public and customers arising from gas; and 

b) the hazards and risks of damage to property of the public and customers arising from gas; 
and 

c) the hazards and risks to the safety of the public and customers arising from – 

i.interruptions to the conveyance or supply of gas; and 

ii.the reinstatement of an interrupted gas supply. 

Penalty: In the case of a natural person, 300 penalty units. In the case of a body 
corporate, 1500 penalty units” 

What is ‘practicable’ is defined in section 3 as: 

“practicable in sections 32, 33, 61, 62 and 63 means practicable having regard to– 

a) in sections 32, 61, 62 and 63 the severity of the hazard or risk in question; and  

c) the state of knowledge about the hazard or risk and any ways of removing or mitigating 
the hazard or risk; and 

d) the availability and suitability of ways to remove or mitigate the hazard or risk; and 

e) the cost of removing or mitigating the hazard or risk.” 

Under section 37, MGN is required to provide a ‘safety case’ with respect to its facilities. The Safety. 
Case must be submitted to ESV for approval. The Safety Case outlines how MGN proposes to comply 
and demonstrate compliance with its obligations. 
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Section 37(2) requires that the safety case for a facility must – 

a) be in writing; and 

b) in accordance with the regulations, specify the safety management system being followed 
or to be followed by the gas company – 

i. to comply with the gas company’s duties under division 1; and 

ii. in relation to any other matters relating to the safe conveyance, supply, 
sale, measurement or control of gas that are prescribed.” 

If MGN fails to comply with its approved Safety Case, MGN will be in breach of section 44(2) of the 
Gas Safety Act 1997. Such a breach exposes AGN to a penalty of 1500 penalty units ($227,505). 
However, MGN’s driver for compliance with the Safety Case is to ensure the safety of the community 
and its employees. 

The prescribed content of a gas safety case is set out in the Gas Safety (Safety Case) Regulations 
2008. Regulations 25 and 26 require a gas safety case to include a formal safety assessment and a 
safety management plan: 

25 Formal safety assessment 

1. A safety case must contain a formal safety assessment. 

2. The formal safety assessment for a facility must be consistent with the facility description 
for the facility and must provide— 

a. a description of the methodology used and investigations undertaken for the formal 
safety assessment; and 

b. an identification of hazards having the potential to cause a gas incident; and 

c. a systematic assessment of risk, including the likelihood and consequences of a gas 
incident; and 

d. a description of technical and other measures undertaken, or to be undertaken, to 
reduce that risk as far as practicable. 

26 Safety management system 

1. A safety case must specify the safety management system followed or to be followed in 
relation to the facility. 12 Each unit is $151.67, so 1500 units represents $227,505.  

2. The safety management system must contain the information specified in Division 5. 

Under regulation 30 of the Gas Safety (Safety Case) Regulations 2008, the safety management 
system must specify the procedures and the asset management plan that are used or to be used 
by the gas company to ensure that the design, construction, commissioning and installation, 
operation, maintenance and decommissioning of the facility and any modification of the facility: 

a. is adequate for the safety and safe operation of the facility; and 

b. is adequate for the safe and reliable conveyance and supply of gas; and 

c. is adequate for ensuring the quality of gas conveyed or supplied; 

d. takes into account the results of the formal safety assessment for the facility. 

In summary, the Gas Safety Act 1997 and regulations under it create two principal duties relevant 
to managing the safety and supply risks of mains and services: 

• First, to assess and manage the risks and the likelihood that a gas incident may result from 
the condition and utilisation of a main; and 
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• Second, to do what is practicable to minimise hazards and risks to the public, customers and 
their property. This duty includes having a system in place to identify the most efficient and 
effective risk mitigation option including replacing any mains that cause a risk or hazard. 

Failure to comply with the Gas Safety Act 1997 can lead to the imposition of financial penalties. In 
addition, MGN’s Gas Distribution Licence issued under the Gas Industry Act 2001 requires MGN to 
comply with all applicable laws (which include the Gas Safety Act 1997). Ultimately failure to comply 
with MGN’s licence, if not remedied, could lead to revocation of that licence (see clause 3 of the 
Distribution Licence and section 53 of the Essential Services Commission Act 2001). 

MGN’s current safety case was submitted to Energy Safe Victoria in 2010. A revised Safety Case 
was approved January 2022.  

4.3.2. Occupational Health and Safety Act 2004 

In addition to its safety obligations under the Gas Safety Act 1997, MGN has obligations under the 
Occupational Health and Safety Act 2004 to ensure the safety of its workers and the community. 
Section 21(1) of the Occupational Health and Safety Act 2004 provides: 

1. An employer must, so far as is reasonably practicable, provide and maintain for employees 
of the employer a working environment that is safe and without risks to health. Penalty: 
1800 penalty units for a natural person; 9000 penalty units for a body corporate. 

AGN’s approach to ensuring the safety of its workers (and the community) is outlined in the safety 
case and incorporated in the procedures and practices adopted in operating and maintaining the 
network. While section 21(1) is limited in its scope to workers, section 23(1) imposes a general duty 
on an employer to ensure that persons other than an employer’s employees are not exposed to 
risks to their health or safety arising from the conduct of the undertaking of the employer.  

Section 23(1) provides: 

1. An employer must ensure, so far as is reasonably practicable, that persons other than 
employees of the employer are not exposed to risks to their health or safety arising from 
the conduct of the undertaking of the employer. Penalty: 1800 penalty units for a natural 
person; 9000 penalty units for a body corporate. 

Section 20 defines ‘ensuring’ health and safety and provides: 

1. To avoid doubt, a duty imposed on a person by this Part or the regulations to ensure, so 
far as is reasonably practicable, health and safety requires the person— 

a. to eliminate risks to health and safety so far as is reasonably practicable; and 

b. if it is not reasonably practicable to eliminate risks to health and safety, to reduce 
those risks so far as is reasonably practicable. 

2. (2) To avoid doubt, for the purposes of this Part and the regulations, regard must be had 
to the following matters in determining what is (or was at a particular time) reasonably 
practicable in relation to ensuring health and safety— 

a. the likelihood of the hazard or risk concerned eventuating; 

b. the degree of harm that would result if the hazard or risk eventuated; 

c. what the person concerned knows, or ought reasonably to know, about the hazard 
or risk and  any ways of eliminating or reducing the hazard or risk; 

d. the availability and suitability of ways to eliminate or reduce the hazard or risk; 

e. the cost of eliminating or reducing the hazard or risk. 
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MGN’s approach to identifying and managing safety risk is consistent with AS/NZ ISO 31000. 

4.3.3. National Gas Law  

Under the NGL, MGN is required to ensure its approach to managing the integrity of mains and 
services is efficient. The NGL also requires that MGN provides services in a safe and effective 
manner. The National Gas Objective (NGO) under the NGL provides:  

“The objective of this Law is to promote efficient investment in, and efficient operation and use of, 
natural gas services for the long term interests of consumers of natural gas with respect to price, 
quality, safety, reliability and security of supply of natural gas.”  

The focus of the NGO is on the long term interests of consumers with respect to price, quality, 
safety, reliability and security of supply. This Mains and Services Strategy supports achievement of 
this outcome by ensuring the system and approach to managing supply and safety risks effectively 
identifies, assesses, prioritises and mitigates these risks in the most efficient way.  

Section 28 of the NGL outlines the role of the AER in ensuring proposals and outcomes of gas 
distribution businesses will or are likely to contribute to the achievement of the NGO. The AER must 
take into account the revenue and pricing principles under section 28(2) of the NGL when exercising 
a discretion in approving or making those parts of an access arrangement relating to a reference 
tariff.  

This provides the ability for a gas distribution business to recover the cost of efficient and effective 
risk management practices so as to not put at risk the implementation of effective risk management 
practices.  

In the context of this Plan, the most relevant revenue and pricing principle is section 24(2) of the 
NGL, which provides: 

“A service provider should be provided with a reasonable opportunity to recover at least the 
efficient costs the service provider incurs in— 

 providing reference services; and 

 complying with a regulatory obligation or requirement or making a regulatory payment.” 

Section 6 of the NGL also includes a “pipeline safety duty”, which is defined in section 2 of the NGL 
as: 

“pipeline safety duty means a duty or requirement under an Act of a participating jurisdiction, or 
any instrument made or issued under or for the purposes of that Act, relating to— 

 the safe haulage of natural gas in that jurisdiction; or 

 the safe operation of a pipeline in that jurisdiction;” 

As outlined, there are several pipeline safety duties arising from the Gas Act 1997 and the Work 
Health and Safety Act 2012 requiring us to implement risk mitigation activities such as mains 
replacement. 

4.3.4. Consistency with the National Gas Objective and the National 
Gas Rules  

In developing these forecasts, we have had regard to the National Gas Objective (NGO) and Rule 
79/91 and Rule 74 of the National Gas Rules (NGR). With regard to all projects, and as a prudent 
asset manager/network business, we give careful consideration to whether capex is conforming 
from a number of perspectives before committing to capital investment. 
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Division 2 Section 19 of the Work Health and Safety Act 2012 provides: 

(1) A person conducting a business or undertaking must ensure, so far as is reasonably 
practicable, the health and safety of— 

 workers engaged, or caused to be engaged by the person; and 

 workers whose activities in carrying out work are influenced or directed by the person, 
while the workers are at work in the business or undertaking. 

(2) A person conducting a business or undertaking must ensure, so far as is reasonably 
practicable, that the health and safety of other persons is not put at risk from work carried 
out as part of the conduct of the business or undertaking. 

Division 2 Section 19 imposes a general duty on an employer to ensure that both workers and other 
persons are not exposed to risks to their health or safety arising from the conduct of the undertaking 
of the employer, to the extent that is reasonably practicable. 

Subdivision 2 Section 18 addresses reasonably practicable: 

“In this Act— 

reasonably practicable, in relation to a duty to ensure health and safety, means that which is, 
or was at a particular time, reasonably able to be done in relation to ensuring health and safety, 
taking into account and weighing up all relevant matters including— 

 the likelihood of the hazard or the risk concerned occurring; and 

 the degree of harm that might result from the hazard or the risk; and 

 what the person concerned knows, or ought reasonably to know, about— 

(i) the hazard or the risk; and 

(ii) ways of eliminating or minimising the risk; and 

 the availability and suitability of ways to eliminate or minimise the risk; and 

 after assessing the extent of the risk and the available ways of eliminating or minimising 
the risk, the cost associated with available ways of eliminating or minimising the risk, 
including whether the cost is grossly disproportionate to the risk.” 

MGN’s approach to ensuring the safety of workers (and the community) is incorporated in the 
procedures and practices adopted in operating and maintaining the network. These are captured in 
the Asset Management Plan and supporting plans and reports. 

MGN’s approach to identifying and managing safety risk is consistent with ISO 31000 and AS/NZS 
4645. 

4.3.6. Risk management standards 

MGN manages the integrity of mains and services and the arising safety and supply risks consistent 
with the relevant standards for managing risks on gas distribution networks. AS/NZS 4645.1:2018 
Gas distribution networks Part 1: Network management (AS/NZS 4645) is the standard that applies 
to the management of gas distribution networks in Australia. This standard prescribes a risk 
management approach in accordance with ISO 31000, which outlines the process that should be 
adopted by a business that includes: 

• communication and consultation with external and internal stakeholders during all stages of 
the risk management process;  
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• the internal and external environment in which the organisation seeks to achieve its 
objectives is to be assessed; 

• risk assessment is the overall process of risk identification, risk analysis and risk evaluation; 

• risk treatment involves selecting one or more options for modifying risks, and implementing 
those options; 

• there should be planned monitoring and review as part of the risk management process; 
and 

• risk management activities should be traceable. 

The risk analysis process under ISO 31000 may be undertaken with varying degrees of detail, 
depending on the risk, the purpose of the analysis and the information, data and resources available. 
This standard provides a framework for considering, assessing, rating and mitigating risks. 

AS/NZS 4645 requires that all actions and activities not unduly expose personnel, the public or the 
environment to unacceptable risks. Measures to mitigate those risks are to be identified, reviewed 
and documented. The areas to be considered include: 

• safety of the public (including consumers); 

• safety of personnel working on the gas distribution network; 

• integrity of the network; 

• minimisation of environmental impacts; and 

• protection of property. 

AS/NZS 4645 is general in nature, therefore we have used the standard to underpin our risk 
management framework, expanding the risk considerations to include compliance, customer impact 
and financial impacts. This makes for a more rigorous and holistic assessment of risk, ensuring that 
customer and regulatory/economic impacts are built into our asset management process. However, 
it is important to note that the fundamental principles of AS/NZ4645 with regard to safety, integrity, 
and environmental impact are typically the primary risk considerations.  

The AS/NZS 4645 risk framework requires that all risks rated ‘extreme’ or high must be addressed 
immediately. Any risks rated ‘intermediate/moderate’ must be addressed as soon as reasonably 
practicable. However, where the cost of mitigating an ‘intermediate/moderate’ risk is 
disproportionate to the level or risk reduction achievable or is simply not economically viable, AS/NZS 
4645 allows the business to determine the risk is as low as reasonably practicable (ALARP). 

Again, taking guidance from AS/NZS 4645, our risk framework enables us to determine as risk is 
being managed to ALARP where the costs of risk reduction are prohibitive. Any risks rated ALARP 
are continually monitored and regularly reviewed to determine whether the risk remains tolerable 
and whether there is an economical way to reduce the risk to low. 
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Note that risk is not the sole determinant of what investment is required. Many other factors such 
as growth, cost, efficiency, sustainability and the future of the network are also considered when 
we develop engineering solutions. The risk management framework provides a valuable tool to 
manage our assets, and prioritise our works program, however it is not designed to provide a binary 
(yes/no) trigger for investment. As prudent asset managers, we apply our experience and discretion 
to manage and invest in our distribution networks in the best interests of existing and potential 
customers. 

Our, risk management framework, which is founded on AS/NZ 4645, ranks the severity of the 
consequences of a risk event. The most severe threats posed by mains and services generally relate 
to safety and/or supply. 

Safety consequences 

If a mains or service fails, depending on the location of the asset, the pressure it operates at and 
the type of failure it experiences (e.g. slow leaks vs sudden cracking), it can cause a major safety 
incident. The most significant safety risk is that the escaped gas gathers in a building (or another 
confined space) to a volume where it can cause an explosion if it meets a source of ignition. While 
these incidents are rare, they have been known to occur and are a credible safety risk. 

If a main or service is not located near to a building or in a location where escaped gas is likely to 
collect in significant volumes, then the safety risk may not be as severe. However, due to the 
flammable nature of natural gas and the harm or damage that can be caused by striking our assets, 
there is always some degree of health and safety risk associated with gas escape or people (for 
example a third party groundworker) coming into contact with our network. 

Supply consequences 

Failure of a gas main or service can result in disruption to customers’ supply. This operations risk 
has greater consequences for large diameter or higher pressure mains, which may supply a large 
number of people.  

Our HDPE and steel mains pose a greater supply risk than the LP mains, as these assets typically 
operate at HP or MP and can supply thousands of people. Steel mains also take longer to flow-stop 
when compared to PE, which means there can be significant loss or disruption to downstream supply 
if they fail. 

These two categories of risk consequence (safety and operations) are the primary considerations 
when managing our mains and services. However, we also consider the other consequence 
categories. For example, compliance, customer impact and reputational consequences can be 
severe if service interruptions are widespread, frequent, or long-lasting. Financial risk is also a 
consideration when testing whether risk treatments are economically efficient. 

4.5. Lifecycle management  

Lifecycle management has four components: 

1. Plan and create 

2. Operate and maintain 

3. Monitor and review 

4. Repair, replace, abandon 

These are discussed in the following sections. 
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4.5.1. Plan and create 

Planning and creation considers current and future customer growth and load demands, asset 
performance and service needs, and secures the necessary approvals for expenditure. It includes 
the creation of new assets to: 

• extend the network; 

• provide new network, metering and SCADA facilities; and 

• augment/upgrade/replace existing assets. 

For mains and services, the focus is on identifying the most prudent time to replace aged mains and 
services, as well as gathering asset data to help inform ongoing asset management of different 
type, material and pressure assets. 

4.5.2. Operate and maintain 

4.5.2.1. Inspection maintenance 

Inspection maintenance typically occurs on in-service assets where a test or a series of tests are 
performed on a schedule frequency in order to assess the condition of the asset. The outcome of 
the assessment may result in follow up capital or operation works in order to maintain or extend 
the life of the asset. In general, inspection of mains is limited to above ground piping, corrosion 
monitoring, leakage survey and condition assessment dig-ups. 

4.5.2.2. Above ground piping (bridge) inspection 

MGN has some 55 sites where gas mains are exposed on bridge crossings. The bridges range from 
multi-lane roads high above the Yarra River to short low level culverts for seasonal creeks. Bridge 
inspections are conducted annually, and involve the physical inspection of all bridges or exposed 
mains not associated with supply or consumer regulating installations. The condition of the pipe, 
coating, supports, transition pieces, abutment, corrosion protection insulation, markers and brackets 
are all inspected systematically and recorded.  

Any corrosion or material defect is then entered into SAP and rectification is scheduled as 
preventative maintenance. The life cycle of the exposed pipe coating and supports varies between 
5 and 20 years depending on the site environment. An average of four bridge crossings require 
major recoating and/or support refurbishment every year. 

4.5.2.3. Corrosion monitoring 

Corrosion protection or ‘potential’ surveys are performed on steel structures – mostly buried steel 
mains – in order to assess whether a structure is actively corroding or not, the corrosion rate and 
the nature of the corrosion. Potential surveys record the voltage difference between the soil and 
the structure being tested over a 24-hour period at corrosion test points that are installed on or 
along the pipeline structure. 

Survey results are recorded and enables reporting of the overall corrosion protection performance 
system against the level of protection of the steel structure. The survey results are also used in the 
development of works to maintain or improve corrosion protection levels. 

4.5.2.4. Leakage surveys 

Leakage surveys involve the surveying of distribution mains and other assets (valves, kiosks etc.) 
on a systematic basis, which is dependent on risk to public and property. Leakage surveys are 
carried out in areas considered to be of high consequence in the event of an incident (annual survey) 
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4.5.2.8. Valve and syphon maintenance 

This maintenance is purely associated with the upkeep of valve and syphons. It includes but is not 
limited to, painting, clearing obstructions such as roadway and earth; locating, marking etc. 

4.5.2.9. Mains investigation and proving 

Mains investigating and proving is either at the request of the public or other utilities to locate our 
gas assets or as an internal proving function for planning construction works. This activity can 
fluctuate depending on external construction works and public demand. 

4.5.2.10. Maintain mains marker posts 

Marker posts are used as an additional form of asset protect, to alert the public to the presence of 
a critical gas main, which in turn, reduces the occurrences of third party damages to mains assets.  
Marker post signs become faded, are damaged or vandalised (graffiti) and from time to time require 
replacing. Approximately 60 marker posts on the distribution network need to be replaced each 
year. 

4.5.2.11. Other maintenance 

Other maintenance may be attributed to Repair Corrosion – No Escape, Repair Coating Fault, Repair 
Customers Property and Maintenance Cathodic Protection. These make up only a small component 
of maintenance on the network. 

4.5.3. Monitor and review 

Monitoring 

Monitoring of assets includes the following: 

• capacity to meet customer demands for gas, delivered at required flow rates and pressures. 

• to highlight existing and emerging issues related to normal aging over time, accelerated 
aging or new risk issues; 

• Continuous collection of operational data, trend monitoring for emerging issues and 
amendment to Operational Procedures or Capital program recommendations post risk 
analysis. 

• Auditing to ensure activities and processes comply with required industry standards. The 
results of both internal and external auditing are reported to management. 

Performance measures 

• Network performance measures: 

o SAIFI (System Average Interruption Frequency Index) - measured as a cumulative 
target of 16.2 interruptions per thousand end users 

o USAIDI (System Average Interruption Duration Index) - has a regulatory target of 
5 minutes per consumer per annum 

o Customers with >3 unplanned interruptions per annum - measured as a cumulative 
target of 300 customer per annum 

• Asset replacement performance measures: 
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o Monthly tracking and reporting of main replacement rates against annual and 5 year 
regulatory targets. Current 2018 -2022 AER target is 527 km of mains laid in relation 
to the existing low pressure main replacement program otherwise known as 
‘Pipeworks’. 

• Future reporting measures: 

o Monthly reporting of in-service mains leak incident volumes and rates per kilometre 
against a five-year rolling network average by mains pressure. 

o Monthly reporting of low pressure and medium pressure decommissioned mains 
length against annual set replacement targets as per capital replacement programs 
and against five-year regulatory period targets. 

Audits 

Key internal audits include: 

• supervisor monitoring audits; 

• verification audits – the purpose of these audits is to verify that audits of task related 
activities provide credible and consistent results; and 

• technical facility audits Findings from these audits are reported to management through 
detailed report.  

• MGN audits – “as required” to provide confidence that contractors are operating with due 
diligence and in compliance with requirements. The results of these audits are communicated 
to the AGIG management team 

Key external audits include: 

• regulatory audits – conducted by regulators as a means of ensuring that activities performed 
conform to legislative requirements. Audit results form an important input to management 
improvement processes; and 

• Safety Management Plan audits – external auditors may be engaged to conduct audits on 
particular aspects of safety or operating plans. 

Reviews 

Review includes: 

• real time data; 

• field reports and assessments; 

• asset performance, condition and integrity kep performance indicators (KPIs). These are 
reviewed on a monthly basis in the monthly operating and management report and annually 
through, amongst others, the Distribution System Performance Review (DSPR); and 

• quarterly and annual regulatory reports. 

4.5.4. Repair, Replace, Abandon 

Mains repairs are generated predominantly from leakage survey and public reports. Future activity 
levels are forecast based on current levels and taking into account the forecast rate of mains 
replacement. Reports from the public pertaining to gas leaks that are not picked up or are generated 
in between leakage inspections, can only be reduced by renewing or replacing the asset and/or 
reducing the network pressure. 
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Mains can be damaged buy third party activities. Typical causes are lack of knowledge and caution 
when working near gas mains, assets location not recorded accurately, and substandard cover. 
Current controls are above ground marker plates specific to high risk mains, public awareness and 
the national referral service known as ‘Dial Before You Dig’, which provides a single point of contact 
for locational information in relation to underground assets. It is reasonable to assume third party 
damage will increase with the growth pattern of the asset and with the reduction in underground 
space due to increasing congestion in inner urban areas. 

Replacement of gas distribution mains are triggered by either: 

• failure - which is typically associated with the inability to repair a section of main and will 
result in a reactive replacement; or 

• as a result of proactive replacement in the case where the main is deemed no longer fit for 
purpose due to safety, and associate risk concerns to the public and field personnel.  

4.6. Network adaptation – renewable gas  

In line with MGN’s objective to support energy sector decarbonisation, our asset management 
practices consider the introduction of hydrogen into MGN’s network. Where practicable, when 
replacing gas distribution network equipment and components, we purchase parts that are 
compatible with hydrogen and renewable gas, taking a prudent and incremental approach to making 
the network ‘hydrogen ready’.  

This incremental approach allows us to facilitate the energy policy direction to decarbonise 
Australia’s energy sector, and to do so in an efficient manner. Gas transmission and distribution 
pipelines are among Australia’s most important energy transportation systems. It is vital these high 
value assets keep pace with the energy transition happening right across the country, and we ensure 
the gas networks are ready to transport renewable gas.  
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The overall replacement volumes are therefore not a material increase on current volumes, and are 
considered prudent and deliverable. 

MGN has the largest remaining volume of cast iron gas mains when compared to all gas networks 
in Australia (see Figure 5-3). 

Figure 5-3: Comparison of cast iron mains remaining in Australia distribution networks at the end of 2021 

 

At the end of 2021 there were approximately 819 km of low pressure18 CI mains left in the network, 
with a further 125 km of UPS. AGN Victoria and Albury and Ausnet are expected to have removed 
all their low pressure CI and UPS within the next 12 months, with the other networks on a path to 
near completion. 

When MGN commenced the low pressure mains replacement program in 2003, it committed to 
removing all LP CI and UPS mains from the network by 2033. We remain committed to achieving 
or exceeding this milestone, and have reiterated this to Energy Safe Victoria (ESV) throughout the 
development of this program for the next AA period. 

5.5.2. Low pressure CI and UPS mains replacement by postcode 

To promote efficient delivery of the CI and UPS mains replacement program, we are targeting 
projects by postcode. The approach allows us to proactively engage with local customers, prioritise 
and schedule work geographically, and optimise deployment of resources.  

The costs of conducting works in different parts of the network can vary depending on network 
configuration, soil type, urban density and accessibility. Scheduling the CI and UPS mains 
replacement plan allows us to identify a unit rate for each postcode, which improves the accuracy 
of our expenditure forecasts.  

Table 5-3 provides the volume in metres for each postcode for the next AA period. It is worth noting 
that some of the works incorporate minor volumes of adjacent postcode. 

 
18 At the beginning of the 2023 period there will be one 60m segment of Medium Pressure Cast Iron Remaining. This section is being 
monitored through annual leakage survey.  
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5.6.2. Program background 

The polyethylene network has the lowest leakage incident rate of all MGNs materials. Except for the 
early generation HDPE mains.  

Early generation HDPE mains were installed before 1980. These mains experience slow crack 
growth. As a result they have a high Leakage Incidence Rate. Since 2011 the early generation PE 
network has had an average of 0.079 leaks/km. This is over twice that of the PE network, which 
averaged 0.031 leaks/km for the same period. Figure 5-5 shows the two LIRs over time. 

Figure 5-5: Early generation HDPE vs PE - LIR by year 

 

MGN has 488 km of early generation HDPE mains. They are predominantly installed on the high 
pressure network.  

Figure 5-6: Early Generation HDPE volumes by construction year 

 

MGN has commenced a preliminary stage of this program. A 2.3 km section of medium pressure 
early generation polyethylene mains has been issued for upgrade to high pressure. This project is 
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period. Nor is it viable to cease the program and not replace failed mains. We have therefore not 
attempted to quantify alternative scenarios with higher or lower reactive replacements.  

We consider history is the best indicator of the future for reactive replacement, noting that only the 
costs actually incurred for reactive replacements will be added to the capital base and recovered via 
regulated revenue. 

Maintaining our current reactive replacement method is the most prudent course of action. This 
program: 

• achieves our network objective of Delivering for Customers; 

• is Sustainably Cost Efficient by working within industry benchmarks, and being 
environmentally and socially responsible; 

• allows for timely risk reduction by replacing failed assets; 

• reduces ongoing maintenance costs by replacing assets with a significant number of faults, 
that are not a part of other programs; and 

• will promote lower long term costs of delivering services for customers. 

5.9. Reactive services replacement 

5.9.1. Program overview 

A service is a dedicated network asset comprising of a service pipe, fittings and metallic upstand 
with ball valve, which can be used to isolate customer supply in the event of an emergency. There 
are over 700,000 inlet services connecting mains (typically located in the street) to customer meters 
located at each network user.  

The reactive services replacement program provides for an allocation of capital expenditure to allow 
for the piecemeal replacement of services. These minor works result when reactive maintenance 
(i.e. repairing mains leaks, service leaks, or water ingress issues) is deemed unsafe or inefficient; 
considering the deteriorated condition of the asset which limits the effectiveness to repair the fault. 
The optimum long-term solution to manage the risk associated with leaks in services is to replace 
the service with PE in a compliant location. 

The proposed reactive services replacement program for the next AA period is based on the 
historical average expenditure on replacements over the past three years (2019 to 2021). The 
program excludes service replacement associated with the planned mains replacement programs. 
It also excludes third party damages, and customer-initiated works. 

Service replacements are undertaken by MGN’s primary service provider under the Operations and 
Management Service Agreement (OMSA).  

Applicable activity codes include:  

• RAC Renew Service - Industrial & Commercial 

• RAE Renew Service – Enlargement 

• RAH Renew Service - Domestic HP 

• RAL Renew Service - Domestic LP 

• RAR Renew Service – Relocation 

• RAT Renew Service – Trunk 
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We have not conducted options analysis for the reactive services replacement program. Due to the 
reactive nature of the program, it is not possible to forecast how many services will fail during the 
period. Nor is it viable to cease the program and not replace failed services. We have therefore not 
attempted to quantify alternative scenarios with higher or lower reactive replacements.  

We consider history is the best indicator of the future for reactive replacement, noting that only the 
costs actually incurred for reactive replacements will be added to the capital base and recovered via 
regulated revenue. 

Maintaining our current reactive replacement method is the most prudent course of action. This 
program: 

• achieves our network objective of Delivering for Customers; 

• is Sustainably Cost Efficient by working within industry benchmarks, and being 
environmentally and socially responsible; 

• allows for timely risk reduction by replacing failed assets; 

• reduces ongoing maintenance costs by replacing assets with a significant number of faults, 
that are not a part of other programs; and 

• will promote lower long term costs of delivering services for customers. 
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Option 3 would not align with our objectives of Delivering for Customers. It does remove the risk 
associated with the HDPE, however the legacy poor condition steel remaining in the system would 
not address public safety concerns, diminishes reliability as the network continues to deteriorate. 
More outages and leaks will occur due to the age of existing assets.  

It would also negatively impact employee health and safety due to the volume of additional callouts. 
These can be unsafe, gaseous areas. This would not be consistent with being A Good Employer. 

This option does not align with our objective to be Sustainably Cost Efficient as the project would 
require replacement teams to conduct additional connection activities when re-connecting the old 
steel mains back into the newly laid PE. The legacy steel mains will also need replacing in the near 
future, and MGN would have to excavate and perform replacement works again the same location, 
frustrating customers and completing two separate replacement projects at more expense. The area 
would also not be able to accommodate any pressure increase, due to excessive leakage of the steel 
mains, which would leave the network misaligned with the networks around it, therefore leaving it 
stranded at a lower pressure.     

This option would also draw resources to managing a deteriorating steel network. It is not 
environmentally or socially responsible given the additional leakages that will occur on the network.  

B.1.4 Option 4 – Reactive repair only  

Under this option we would only replace the early generation HDPE mains when significant gas leaks 
occur. This entirely reactive program would likely result in increasing supply outages and leakage 
as the network reaches the end of its technical life. 

Cost assessment 

There are no additional upfront capital costs associated if we reactively repair mains only. However, 
given the current and forecast failure rates, we will progressively incur greater reactive maintenance 
operational costs as leakage rates escalate. 

Over the longer term, the cost of reactive response to mains failure and reactive repair of a new 
mains would be significantly more costly than replacement as part of a planned program of works. 
While it is not possible to quantify the reactive costs we would incur at this time, in our experience 
a project conducted reactively is around 3.2 times more expensive than one conducted proactively. 
This assumption is consistent with the commonly accepted asset management principle that reactive 
asset maintenance can be around two to five times higher than proactive planned maintenance. 

In addition, MGN would likely incur significant financial penalties due to non-compliance with agreed 
service levels and regulatory/safety obligations. 

Risk assessment 

Option 4 would do little or nothing to address the untreated risk associated with these mains. The 
residual risk would therefore remain intermediate (not ALARP). 
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Appendix D Technical life model 
The Technical Life Model assigns a life to all distribution mains segments currently within the gas 
distribution network. The lives for each material group are based on a ‘likely’ expected or useful life 
and is typified by conditional probability of failure profile as shown in the figure below. 

Conditional probability of failure 

 

For the purposes of modelling, a simplistic approach of a likely life is taken rather than a 
pessimistic/optimistic life analysis. Where the main segment is deemed based on the life assigned 
to have already failed it will be categorised as ‘early failure’.  

D.1 Methodology 

The model takes master mains asset data including pressure, material code, diameter, length and 
installation year from the SAP ERP and the GIS system to produce a master main asset table. This 
data is then processed to apply a material grouping based on existing material type. The final 
process is to apply the technical life based on material group, utilising diameter and date installed 
for particular materials such as cast iron and protected steel. The final output table is a combination 
of the technical life and the master main asset table for each mains segment. This process is 
depicted in the figure below. 
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Appendix E Material type classification  
E.1 General 

The following pipe material detail is provided in addition to the information already provided in the 
asset overview and specific program sections.  

The range of pipe types and operational pressures reflect the growth of the gas industry in Victoria 
from the late 1800s with several independent utilities distributing coal gas, through the formation 
of the Gas and Fuel Corporation until the mid-1960s and introduction of natural gas in the late 
1960s. The current environment with three distribution companies resulted from dis-aggregation of 
the Gas and Fuel Corporation. The improvements in pipe technology and pipe materials are also 
reflected in the diverse range of assets in the network. 

The distribution networks, operated by the independent gas companies, some from the 1890s, 
consisted mainly of low pressure cast iron mains till the late 1940s to early 1950s. The installation 
of medium pressure and high pressure coated steel mains commenced only in the 1950s. The plastic 
mains, polyethylene for high pressure mains and PVC for repairs to low pressure CI lines, 
commenced in the mid 1970s. 

The cast iron mains originally laid by the pioneering companies were lead/hemp jointed. In the 
1950s to 1960s the lead/hemp joint was superseded by the mechanical compression joints with 
rubber seals. These lines were operated at <7 kPa as the joints were not capable of sustaining 
higher pressures.   

The lead/hemp joint integrity deteriorated further with the introduction of natural gas in the late 
1960’s as the moisture free natural gas dried out the hemp, reducing the sealing properties. Repair 
to the cast iron lines in the post 1970 period was through size for size replacement by PVC pipe. 
While PVC pipe jointing was by solvent-cement adhesive bonding, cast iron to PVC transition was 
via mechanical/O-ring compression fittings. Extension of the cast iron network was also mainly 
through PVC pipe. 

The high pressure mains laid since the 1950s have traditionally been steel pipe, coated for corrosion 
protection. Coal tar enamels, in the form of wrappings reinforced with glass fibre, were the first 
form of coatings used. Plasticised coal tar was an improvement introduced in the 1960s.  Coal tar 
enamels were superseded altogether by polyethylene coatings in the mid-1970s. 

Apart from coatings, a program for elimination of stray current instituted in the early 1970s and 
cathodic protection, introduced in the mid 1970s, had a significant effect on arresting corrosion of 
steel mains.  

Since the early 1970s polyethylene (PE) pipe has been used as mains for sizes 50 mm and below.  
They effectively replaced the use of coated steel in those sizes. These pipes were made from PE 63 
resin until 1997 and from polyethylene 80 resin since 1998. In 1990, the use of polyethylene pipes 
(made from PE 80 resin) for sizes 100 mm and above commenced on a trial basis, and since 1997 
both coated steel and polyethylene has been used for distribution mains for sizes 100 mm and 
above, the choice of pipe dependant on the risk assessment and financial considerations. 

As PE is, and has been for the past 10 to 20 years, the preferred material for most distribution mains 
(63 mm and below), the growth in the gas distribution network in metropolitan Melbourne has been 
largely through polyethylene pipe. However as MGN inherited much of the older parts of Melbourne, 
where most of the cast iron pipes and other pipes that have been in service for over 50 years, most 
of the older pipes in Victoria are within the MGN boundary limits.  
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Ductile iron as the name suggests has improved ductility over that of cast iron pipe. This pipe has 
similarities with that of cast iron in relation to failure mechanisms. 

E.2.3 Wrought iron 

Wrought iron has lower carbon content than that of cast iron.  his allows wrought iron to be welded, 
but with some difficulty. This is not possible with cast or ductile iron.  Unprotected wrought iron is 
also more susceptible to corrosion than that of cast iron.  Wrought iron mains that currently exist 
in the network are galvanised externally but not protected internally.  This has produced 
maintenance issues in the past with dust in the mains.  Residual corrosion deposits from coal gas 
days or corrosion caused by water in pipes eventually turns to dust, which invariable block the 
service regulator filters.  This maintenance becomes expensive in domestic situations where large 
numbers of regulators require ongoing repair or replacement. 

Wrought Iron is classed similarly to that of Unprotected Steel. 

E.2.4 Asbestos / Fibro Cement 

According the information provided by the GIS, there are no longer any asbestos cement mains 
within the MGN natural gas distribution network. 

E.2.5 Poly Vinyl Chloride 

Poly Vinyl Chloride (PVC) was used extensively from 1970 to 1997 in the replacement of cast iron 
mains in like-for-like replacements. PVC is only rated for operation at low pressure in the MGN 
network but is used at high pressures in other gas distribution networks. PVC is joined by the use 
of glue and therefore is susceptible to joint failure which, gives rise to leaks and allows water to 
ingress into the network. Some of the benefits of PVC are the low cost relative to steel and 
polyethylene, it does not corrode and its resistance to impact. 

Due to the policy of laying mains to high pressure standard the usage of PVC is now minimal.  PVC 
is now replaced at an earlier age than might be normally required due to augmentation requirements 
when replacing cast iron mains in the vicinity. 

E.2.6 Polyethylene 

PE mains since their introduction in the 1970s now accounts for a large proportion of the total 
distribution mains in the network. 50mm imperial and 63mm metric polyethylene is used in at least 
90% of all mains extension and replacement work. It can operate at high pressure and is not 
susceptible to corrosion. Joining techniques are either mechanical (compression) or fusion with 
fusion making up the majority and mechanical used only for repairs and joining dissimilar material 
types (ie steel, cast iron, PVC). PE is available in a large range of sizes. The largest size used in the 
distribution network is 250 mm. 

Some of the advantages of polyethylene are its ability to come in coils, its high operating pressure, 
low cost of installation, manual handling due to its light weight material and squeeze-off capabilities. 
Disadvantages are it requires a bedding material when laid to restrict point loading and requires a 
location based risk assessment for large diameter before construction. This risk assessment 
determines if polyethylene can be used and if that is the case what protection if any is required. 

Due to the variance in polyethylene over the last 30 years it should be explained what different 
types of mains exist and how they could affect the operation of the network. The following is a 
summary of the type of mains used in polyethylene up to the present time. 

PE Up to 63mm NB (Small diameter PE) 

• 1970 to 1997 – these mains were manufactured from a PE63 high density polymer.  They 
were operated at low, medium, and high pressure depending on the class rating.  The class 
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rating changed from 200 kPa to 250 kPa and from 450 kPa to 575 kPa in the late 1970’s 
(1977) following a change in the safety factor used to calculate the MAOP (Maximum 
Allowable Operating Pressure). Butt, socket and saddle fusion made up the majority of 
joining techniques.  Heating plates were operated at 270ºC. Issues with these types of mains 
are they tend to become brittle over time and leaks from prior squeeze-offs are a common 
occurrence. 

• 1997 to 2014 – 1997 saw the phasing out of high density polyethylene which required these 
mains to be manufactured from a medium density PE80 polymer.  The class ratings remained 
the same as the safety factor was increased. Class 250 pipe or what is now known as SDR 
17.6 pipe was also phased out with only exception a 32S (32mm NB) pipe which came in a 
coil. The joining of high and medium density mains was of major concern. This saw 
numerous tests carried out with the outcome that welding temperatures were changed from 
270ºC to 210ºC. 

• 2014 to Present – This period saw PE80 phased out and the introduction of PE100. The most 
common main now laid in the distribution network is a series 2, 63mm, medium density, 
PE100, SDR 11, polyethylene main. 

110mm and greater (Large Diameter Polyethylene) 

• 1970 – This saw two trials conducted with 3” and 4” PE mains.  These mains were 
manufactured from a high density PE63 (50), SDR 17.6, manually butt fused in coils.  Issues 
such as joint pull-out and pipe alignment saw to it that these types of mains where never 
used in the network. The trials mains may still exist in the network. 

• 1993 to 1994 – This saw the re-emergence of LDPE mains.  These mains were now 
manufactured in a medium density PE80 polymer.  Mains were laid in SDR17.6 at low and 
medium pressures.  The pressure rating of some mains was restricted due to the installation 
of John Valves.  Trials also began in with LDPE Mains in SDR 11 at high pressure.  This was 
restricted to 110 mm and 160 mm mains. 

• 1995 to 2014 – This period saw the phasing out of SDR 17.6 mains with only the 250 mm 
low pressure mains still used in small quantities. Two additional sizes were introduced, 
125mm and 180mm. These mains compare nearly equally with that of 4” and 6” steel. 160 
mm PE mains have been totally replaced with 180 mm while 110 mm and 125 mm are still 
both used. 

• 2014 to Present – Similar to small diameter polyethylene, PE100 was introduced into the 
large diameter series of pipes in 2014. 

Maintenance issues 

Most of the maintenance performed on polyethylene occurs from third party damage.  Escapes are 
rectified depending on the leak by squashing-off and replacing the section.  This has been the 
standard practice since the commencement of PE mains. There are now issues arising with escapes 
that are generated using the squash-off jacks after a period. This is a direct result of over- squeezing 
the main and up until recently there was no requirement for limit-stops on the equipment.  From 
further research and the analysis of escapes from over- squeezing, limit-stops have been shown to 
dramatically decrease the chance of a leak generating from a pipe squeeze.  As part of the 
maintenance of polyethylene mains, all squeeze-off equipment are now fitted with limiting stops. 

E.2.7 Unprotected Steel (Galvanised Iron) 

This piping system is based on bare steel and galvanised iron pipes that have been joined by having 
threads cut into the ends and screwed into joining couplings.  It is considered that the galvanising 
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will be of considerably reduced effectiveness in reducing corrosion when buried.  This form of piping 
system is susceptible to corrosion from its environment especially at the threaded joints where the 
pipe cross-section will have been reduced by thread cutting. 

The life of this type of piping system is governed very much by the corrosive effects of the 
surrounding soil.  Pitting corrosion will be the predominant mode of deterioration for these pipes.  
The galvanised pipe will not behave very different to uncoated pipe, as the galvanising would 
dissolve within 5 to 10 years exposing the bare metal to pitting corrosion.  Bare or galvanised steel 
pipe is therefore regarded as having a relatively short life. 

E.2.8 Protected steel 

Coated steel in both screwed and welded are dependent on the corrosion protection coating.  The 
coatings are regarded as having an effectively indefinite life.  The main cause of degradation of the 
pipe coating is third party damage.  The effective life of this piping system is determined by the 
faults in the corrosion protection coating. The coatings that have been used have very long effective 
lives (~100 years). However it is recognised that pin hole defects will be unavoidable in any type of 
coating. The cathodic protection of the pipe will effectively prevent corrosion through the pinholes. 
Therefore any deterioration of coated steel pipe will occur only in the absence of cathodic protection, 
through perforations or damaged sections of the coating. 

Screwed joints are seen as a vulnerable part of the system in that the pipe wall has been reduced 
by the threading operation and the corrosion protection depends on field-applied corrosion 
protection coating at the joints.  On the assumption that there is the potential for leaks at the joins 
the effective life of screwed jointed pipe has been slightly reduced. 
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