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Executive Summary

Introduction

This Environmental Impact Statement (EIS) modification has been prepared for Jemena Gas Networks
(NSW) Limited (Jemena) to support the modification of a State Significant Development application
(SSD-10313-Mod-1), which was approved to build and operate a trial Power to Gas (P2G) project to
transform renewable electrical energy into a combustible gas (hydrogen), within Horsley Park, New
South Wales. The proposal is referred to as the Western Sydney Green Gas Project (WSGG Project). The
WSGG Project is located at 194 - 202 Chandos Road, Horsley Park, within the Fairfield City Council (FCC)
Local Government Area (LGA).

The WSGG Project has been approved as a State Significant Development (SSD) in accordance with Part
4 of the Environmental Planning and Assessment Act 1979 (EP&A Act). Approval for the WSGG Project
(SSD-10313) was issued on 10 August 2020 (Development Consent), permitting a 5-year trial involving
the production and storage of hydrogen gas, injection of hydrogen gas into the gas distribution network;
and supplying hydrogen gas for bus refuelling and power generation back into the electricity grid.

Eco Logical Australia (ELA), on behalf of Jemena Gas Networks (NSW) Limited (the Proponent), has
prepared this project modification to the Development Consent under section 4.55(1A) of the EP&A Act
(the Modification).

Overview of Approved Project

The approved WSGG Project involves the construction, commissioning and operation of a Power to Gas
(P2G) facility. The approved WSGG Project comprises of the following:

* Electrolyser (including final water treatment, electrolyser stack, purification & cooling systems)

* Hydrogen buffer store (buried carbon steel pipeline)

* Hydrogen gas control panel (regulates and distributes hydrogen from the electrolyser and buffer
store to the various uses on site)

e Hydrogen gas grid injection panel (controls the injection of hydrogen into the natural gas
network)

* Hydrogen microturbine (generates electricity for grid export from natural gas and hydrogen.)

e Hydrogen refuelling station (HRS) (optional future scope)

¢ Site control hut

* Power grid connection, including transformer.

The construction works for the approved project commenced in January 2021 with a staged
commissioning process at the facility beginning in May 2021. Works will continue at the facility until
facility operations commence in Q3 2021.

The Proposed Modification
The purpose of the Modification is:

* toallow for the addition of a fuel cell to the microturbine, in turn, increasing base load efficiency

© ECO LOGICAL AUSTRALIA PTY LTD viii
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* to modify the approved Hydrogen Refuelling Station (HRS) for busses to a cylinder filling station,
which will remove the requirement for high pressure hydrogen storage and reduce the
hydrogen delivery pressure from 70 MPa to 35 MPa. This allow the facility to support off-site
applications of renewable hydrogen (including bus and car refuelling) while minimising vehicles
accessing site

* toallow the use of compressed natural gas (CNG) as an intermittent fuel source prior to the use
of 100% hydrogen for the microturbine

* increase hydrogen production from 52,600 kg to 87,600 kg to allow for additional applications
of renewable hydrogen produced from the facility.

The proposed modification will include the addition of a fuel cell and a cylinder filling station within the
existing project footprint approved for SSD-10313. The integration of the fuel cell will increase overall
electrical generation capabilities of the system, compared to the microturbine alone. The incorporation
of the cylinder filling station will allow the Proponent and its project partners to develop knowledge of
and demonstrate hydrogen fuel cell vehicle refuelling however, will also reduce the risks and local road
impacts associated with the previously proposed hydrogen refuelling station.

Given the additional increase in use cases it is also proposed to increase the maximum production of
87,600 kg / year, the maximum production capacity of the electrolyser. This will represent a minor
increase in water usage of 2,135 L / day to 2,400 L / day.

Environmental Assessment

The proposed modification will minimise potential impacts to key environmental risks such as hazards
and risks and traffic and transport as the cylinder filling will lessen potential project risks by reducing the
requirements of compressed hydrogen storage by 50% as well as reduce the impact on local roads by
85% (reducing 17 vehicle movements per week) when compared to bus refuelling.

Environmental Management

The WSGG Project and proposed modification will be designed, constructed, operated and
decommissioned in accordance with the requirements of:

* Relevant legislation
* Conditions of consent
¢ Commitments provided in this EIS.

Project Justification

Residual risks following the application of mitigation strategies identified in this EIS are shown to be
generally low or medium and can be reasonably managed. The reasons for justifying the proposed
modification are demonstrated within this EIS and accord with environmental, social and economic
considerations, as well as the principles of Ecologically Sustainable Development (ESD). Potential
benefits associated with the proposed modification are an increase in system efficiency and a reduced
risk by eliminating the previously proposed hydrogen refuelling station.

Conclusion
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Environmental impacts associated the construction, operation and decommissioning of the proposed
modification are compliant with the requirements for SSD under the EP&A Act and other relevant State
and Commonwealth legislation. Potential environmental impacts are relatively minor and can be
appropriately managed through the application of identified mitigation strategies and ongoing
stakeholder consultation. The overall impact of the proposed modification would therefore be
beneficial in terms of State and regional environmental and economic planning objectives and is also in
line with the principles of ESD.
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1. Introduction

1.1 Purpose of this Document

The Western Sydney Green Gas Project (the WSGG Project) has been approved as a State Significant
Development (SSD) in accordance with Part 4 of the Environmental Planning and Assessment Act 1979
(EP&A Act). Approval for the WSGG Project (SSD-10313) was issued on 10 August 2020 (Development
Consent), permitting a 5-year trial involving the production and storage of hydrogen gas, injection of
hydrogen gas into the gas distribution network; and supplying hydrogen gas for bus refuelling and power
generation back into the electricity grid.

Eco Logical Australia (ELA), on behalf of Jemena Gas Networks (NSW) Limited (the Proponent), has
prepared this project modification to the Development Consent under section 4.55(1A) of the EP&A Act
(the modification).

1.2 Project Background

1.2.1 Approved Project

The approved WSGG Project involves the construction, commissioning and operation of a Power to Gas
(P2G) facility located at 194 — 202 Chandos Road, Horsley Park (Lot 1 DP 499001 and Lot 3 DP 1002746)
(Figure 1-1). The P2G process involves producing hydrogen from water using electrolysis powered by
electricity. Hydrogen can be a renewable resource and is neither a hydrocarbon nor greenhouse gas.

The P2G facility uses renewable electricity to generate hydrogen, which can be injected into the natural
gas network, used to generate electricity back to the grid by means of a hydrogen-powered
microturbine, or potentially supplied to an adjacent hydrogen refuelling station (HRS) for bus refuelling.
refuelling. The approved WSGG Project comprises:

e Electrolyser (including final water treatment, electrolyser stack, purification & cooling systems)

* Hydrogen buffer store (buried carbon steel pipeline)

* Hydrogen gas control panel (Regulates and distributes hydrogen from the electrolyser and
buffer store to the various uses on site)

* Hydrogen gas grid injection panel (Controls the injection of hydrogen into the natural gas
network)

* Hydrogen microturbine (Generates electricity for grid export from natural gas and hydrogen.)

* HRS (optional future scope)

¢ Site control hut

* Power grid connection, including transformer.

The P2G facility will be located within the boundaries of the Jemena Horsley Park Facility, with the main
works area for the within the northern portion of the existing facility, the approved general layout is
presented in Figure 1-1.

1.2.2 Facility Status
As of June 2021, the facility has not commenced operation and construction / commissioning works
remain ongoing as per the approval, the following notices have been provided to NSW Department of
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Planning, Industry and Environment (DPIE) and Fairfield City Council (FCC) in accordance with SSD-
10313:

e December 2020 — Notification of Construction Commencement
* May 2021 — Notification of Commissioning Commencement

Work at the facility remains ongoing.
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Approved Project General Layout
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Figure 1-1: Location and general layout of approved WSGG Project
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1.3 Proposed Modification
It has been identified that there are significant opportunities to maximise the application of ‘green’
renewable hydrogen produced by the WSGG Project trial across NSW.

The purpose of the modification is to seek consent to allow (within the boundary of the existing
approval) the:

e addition of a fuel cell, in turn, demonstrating electricity production from hydrogen

* modify the approved HRS for busses to cylinder filling station, which will remove the
requirement for high pressure hydrogen storage and reduce the hydrogen delivery pressure
from 70 MPa to 35 MPa. This will allow the facility to support off-site applications of renewable
hydrogen (including bus and car refuelling) while minimising vehicles accessing site

* use of compressed natural gas (CNG) as an intermittent fuel source prior to the use of 100%
hydrogen for the microturbine

* increase in hydrogen production from 52,600 kg (approved in SSD10313) to 87,600 kg to allow
for additional applications of renewable hydrogen produced from the facility.

1.3.1 Summary of Modifications
Table 1-1 below summarises the previously approved components of the Project and the proposed
modifications.

Table 1-1: Summary of proposed modification

Project Component Previously Approved Proposed Modification

Hydrogen production 52,000 kg 87,600 kg

Fuel cell Not included Inclusion of one fuel cell

Usage of produced hydrogen HRS (Bus refuelling). Cylinder filling station for articulated trucks
Including high hydrogen storage and  (cylinder and tube trailers).
hydrogen delivery at 70 MPa. Excluding high pressure storage and hydrogen

delivery at pressures up to 35 MPa.
Energy source prior to use of Natural Gas CNG (continued if external H2 verification trials
100% hydrogen for the extend beyond six months from Operation)

microturbine
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Location ofi Proposed Modification
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Figure 1-2: Location of proposal and proposed modifications
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Figure 1-3: Facility lot plan, outlining the proposed modification (residing within the extent of Project Approval). The yellow areas indicate the compressor, the green indicates the fuel cell
and blue the CNG trailer parking and connection (circle).
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1.3.2 Fuel Cell

Figure 1-4 below shows the overall process. For the WSGG Project, the fuel cell will operate under a
test programme developed by the Proponent. In the initial phase of the test programme, the fuel cell
will be operated manually from the control room i.e. it will be started and stopped by the Jemena
Control Room as dictated by the test programme. In the future, the fuel cell control system will be
upgraded to manage the starting and stopping of both the fuel cell and microturbine to meet the power
demands from the site control system. The fuel cell and microturbine will also be configured to
automatically start and stop based on several parameters, some being:

* Site power demand
e Hydrogen availability in the buffer store pipeline
* Spot price of the electricity market.

The fuel cell has high base load efficiency when compared to other hydrogen power generation
equipment such as the microturbine. The fuel cell also produces no CO; or odorous gases. The only by-
product from the generation of power is water vapour, making it environmentally friendly. The fuel cell
process does not produce power generation involve combustion and is quite in operation due to low
vibration. The fuel cell itself is installed within a ventilated enclosure, further reducing noise emissions.

Water

24VDC —a Control
Power Supply Power
H:

Fuel Cell Stacks Power

Air > 30KW

— Total stack
bz Module Output Power

MD30 Module

1am04 10ssaidwo) iy

Air
Compressor

Figure 1-4: Fuel cell process

1.3.3 Cylinder Filling Station

A cylinder filling station will be incorporated into the WSGG Project rather than a Hydrogen Refuelling
Station (HRS) bus refuelling point proposed in the Western Sydney Green Gas Project — Environmental
Impact Statement (EIS), dated December 2019. The change will allow the facility to support articulated
trucks for cylinder filling. A brief comparison between the Approval and modification is presented in
Table 1-2.

Table 1-2: Comparison between Approved HRS and Cylinder Filling Station Modification
Component Previously Approved Proposed Modification Comparison

Footprint Compressor Compressor Reduced footprint
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Component Previously Approved Proposed Modification Comparison
High Pressure Hydrogen Storage Cooler
Cooler Dispenser

2 x Dispensers

High pressure storage Included (85-100 MPa) N/A Reduced hazards and risks
Dispenser Pressure 35 MPa or 70 MPa 35 MPa Pressure reduced
Traffic 21 per week 4 per week Reduced vehicle access

1.3.4 Microturbine Compressed Natural Gas as a Fuel Source

In the initial EIS the microturbine was nominated to utilise natural gas as a fuel source until hydrogen
service. Due to alterations in the design it became unfeasible to utilise natural gas supplied from the
network, as a result CNG was incorporated due to Proponent’s ability to utilise temporary CNG trailers.

The CNG trailer is a box trailer mounted CNG storage facility used to maintain continuity of supply to a
solitary commercial/industrial customer or multiple domestic customers during periods of programmed
network maintenance or emergency supply restoration during a network outage an image of the CNG
trailer is provided in Figure 1-5.

The trailer is fitted with a number of CNG cylinders. These cylinders are the storage vessels for the CNG;
there are four (4) cylinders mounted to the trailer. The remaining equipment on the trailer facilitates
either filling or discharge of CNG from the cylinders.

The project team will utilise existing operating procedures and Safe Work Method Statements (SWMS).
The trailer will be connected to a dedicated facility connection point (blue circle in Figure 1-2) with the
trailer parked immediately adjacent the connection suitably located away from the facility equipment
as shown in Figure 1-5. It is proposed the operation of the microturbine will be limited to once a week
(or maximum 52 times a year) with the trailer never stored on-site.

The CNG pressure of a max 20,000 kPag will be reduced via regulators on the trailer to 800 kPag which
will then be utilised by the microturbine. It is noted that this pressure is below the previous operating
pressure of the secondary network of 1,050 kPag.

Figure 1-5: Jemena CNG Trailer
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1.3.5 Proposed Construction Methodology
The works required to complete the methodology are in accordance with the same procedures applied
during the construction of the approved EIS, in particular these will include:

* (Cast in-situ concrete footings with steel reinforcement will be installed as footings for the
proposed equipment

* The packages will then be craned into position and fixed down to the concrete using chemical
anchor bolts

* The power, instrument and communications cabling will then be connected to each unit and
back to the switch room

* The hydrogen gas supply piping will be connected to each unit via a gas train

* The interconnecting piping and cabling are supported via cable tray and Unistrut supports.
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2. Justification and Strategic Merit

2.1 Benefits of the Addition of Modification

The growing demand for the decarbonisation of the Australian energy sector provides many
opportunities for the gas transmission and distribution network in NSW. However, there are still many
challenges, mainly the uptake in renewable power generation, requiring further development and
testing on a commercial level.

The objective of the WSGG Project is to test and demonstrate P2G technology in the gas distribution
network to facilitate the development of commercially viable hydrogen energy systems in the future.
As part of this trial, the Proponent is proposing to modify the currently approved facility to include a fuel
cell. The use of a fuel cell and microturbine to utilise stored hydrogen to create electrical and heat
energy will aid in demonstrating the capability to decentralise NSW’s electricity market. Due to the high
electrical efficiencies of the fuel cell compared to microturbine in the case of integrating them both,
system efficiency could reach up to 75%, compared to only 30% for the microturbine alone (Bohn, 2005).

A cylinder filling station will be incorporated into the WSGG project rather than the approved HRS bus
refuelling point, which will allow the facility to support articulated trucks for cylinder filling. The
incorporation of the cylinder filling station will allow the Proponent and its project partners to develop
knowledge of and demonstration of ‘green’ hydrogen use cases. The cylinder filling will lessen project
risks by removing the requirements of high pressure hydrogen storage as well as reducing delivery of
compressed hydrogen from 70 MPa to 35 MPa as well as reducing the impact on local road by 85%
(reducing 17 vehicle movements per week) when compared to bus refuelling.

In addition the change in alteration from natural gas to CNG allows the testing of the microturbine and
intermittent operation prior to conversion to 100% hydrogen, the objective of the operation of the
microturbine is to confirm ongoing service and that testing is completed to ensure safe operation until
the unit is capable of the full conversion to 100% hydrogen. The conversion to hydrogen will involve
minor alteration to the system.

2.2 National and State Government Approach to Hydrogen

Since the release of the National Hydrogen Strategy, the Australian Government has started to build
strong trade relationships to ensure Australia is a key exporter of hydrogen. This has included
(Department of Industry, Science, Energy and Resources (DISER), 2020):

* A signed Letter of Intent to develop a Hydrogen Action Plan with the Republic of Korea
(September 2019)

* Asigned Joint Statement on Cooperation on Hydrogen and Fuel Cells with Japan (January 2020)

* An agreement with Singapore to pursue a Memorandum of Understanding (MoU) on low
emissions technologies by the end of 2020 (March 2020)

* Becoming a member of the US Centre for Hydrogen Safety (April 2020)

* Asigned Joint Declaration of Intent on a Supply Chain Feasibility Study of Hydrogen produced
from Renewables with Germany (September 2020).
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The Net Zero Plan Stage 1: 2020-2030 (DPIE, 2020) outlines four primary trends that are driving climate
change action, including:

* Anincrease in global demand for low emissions products and services
* Low emissions technologies becoming cost competitive

* Acting on innovative technologies

* Increase in cost-effective climate action within households.

The State government acknowledges that acting on new technologies will aid in NSW reaching net zero
emissions by 2050 and hydrogen is an example of such a technology. Research into hydrogen use in
vehicles indicates fuel costs for hydrogen fuel cell vehicles are likely to fall as supply scales up (Figure
2-1). Hydrogen has the potential to transform large sectors of the economy, such as transport and
manufacturing, as it can be produced with low or no emissions (DPIE, 2020).

$/GJ

“IIIIHIIIIIII[

201 2022 2023 2024 2025 2026 2027 2028 2029 2030

I Cost of hydrogen production $/GJ I Market price of natural gas %/GJ

Figure 2-1: Predicted hydrogen production costs (DPIE, 2020)

Furthermore, the NSW Government has set an aspirational target of ‘up to 10% hydrogen in the gas
network by 2030’

The premise of the WSGG Project is to establish an understanding of P2G technologies, which will
encourage the development of future hydrogen facilities. As it stands, the WSGG Project will confer no
immediate economic benefit. However, by doing nothing, there is no opportunity to gain an
understanding of alternative gas distribution technologies and demonstration of hydrogen applications,
which is deemed an important step in moving toward a reduced emissions network and becoming a key
exporter of hydrogen.
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There is a risk that in order to reduce the effects of climate change and move towards a decarbonised
society, fossil fuel reserves may become stranded resources therefore, turning existing investments into
stranded assets (i.e. assets that suffer from unanticipated or premature devaluations). The WSGG
Project and proposed modification therefore also provides a potential solution to prevent Jemena’s gas
distribution network from becoming a stranded asset in the future.

2.3 Ecological Sustainable Development
The EP&A Act identifies four key principles to assist in the achievement of Ecological Sustainable
Development (ESD), these are:

* The precautionary principle

* Inter-generational equity

* Conservation of biological diversity and ecological integrity
* Improved valuation and pricing incentive mechanisms.

2.3.1 Precautionary Principle

The potential for environmental impact has been considered throughout the design and development
of the proposed modification. The potential impacts identified through the Environmental Risk
Assessment (Section 5) have been assessed as accurately as possible, using appropriate specialists in
relevant disciplines where required.

Where there has been any uncertainty in the prediction of impacts throughout the EIS process, a
conservative approach has been adopted to ensure the worst-case scenario has been predicted in the
assessment of impacts.

The proposed modification is consistent with the precautionary principle in that where there was
uncertainty, conservative overestimates where used, examples include:

* Inclusion of the cylinder filling station instead of the Hydrogen Refuelling Station, which will
remove the requirement for a high pressure hydrogen storage, reducing overall project risk and
reduce the hydrogen delivery pressure from 70 MPa to 35 MPa. Cylinder filling will also reduce
the impact on local roads by 85% (reducing 17 vehicle movements per week) when compared
to bus refuelling

* Where potential threats to the environment have been identified, mitigation measures have
been developed to minimise such impacts

* Monitoring will be undertaken, if required, as a precautionary measure to reduce the effect of
any uncertainty regarding the potential for environmental damage.

2.3.2 Inter-generational Equity

The objective of the WSGG Project is to demonstrate that the creation of hydrogen gas using renewable
electricity is safe and non-polluting, and that the injection of hydrogen gas into the mains gas pipeline
at low levels for use by the community will help to reduce dependency on hydrocarbons/greenhouse
gases. The proposed modification will still allow for this objective to be met however, will be done so
by reducing public safety using innovative technology.
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2.3.3 Conservation of Biological Diversity and Ecological Integrity
The proposed modification will occur within the previously approved WSGG Project boundaries and will
not require the removal of any features of significant biological diversity and ecological integrity.

2.3.4 Improved Valuation, Pricing and Incentive Mechanisms

The proposed modification continues to recognise and make use of the inherent value of hydrogen gas.
This WSGG Project will trial the conversion of abundant, renewable natural resources (renewable energy
such as sunlight and wind) into valuable and valued commodities (gas and electricity).
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3. Statutory Context

Commonwealth and State legislation, as well as state planning instruments relevant to the proposal are

outlined within Table 3-1 below.

Table 3-1: Relevant Commonwealth and State legislation and planning instruments

Name Relevance to the Project

Environment  Protection  and
Biodiversity  Conservation Act
1999 (EPBC Act)

Biodiversity  Conservation  Act
2016 (BC Act)

Biosecurity Act 2015 (Biosecurity
Act)

Environmental  Planning  and
Assessment Act 1979 (EP&A Act)

COMMONWEALTH LEGISLATION

Matters of National Environmental Significance (MNES) include threatened species and
ecological communities, migratory species (protected under international
agreements), and National Heritage places (among others). Any actions that will or are
likely to have a significant impact on the MNES require referral and approval from the
Australian Government Environment Minister. Significant impacts are defined by the
Commonwealth for MNES.

No MNES have been identified as having potential to be impacted by the proposed
modification.

STATE LEGISLATION

The BC Act establishes a framework to avoid, minimise and offset impacts of proposed
development and land use change on biodiversity.

Clause 7.9(2) states that any application for development consent under Part 4 of the
EP&A Act for SSD is to be:

‘accompanied by a Biodiversity Development Assessment Report unless the Planning
Agency Head and the Environment Agency Head determine that the proposed
development is not likely to have any significant impact on biodiversity values’.

As the proposed modification does not propose to remove any native vegetation and
the project site does not provide potential habitat for any threatened fauna species.
Therefore, the accepted Biodiversity Development Assessment Report (BDAR) Waiver
as part of SSD-10313 is still relevant and no further assessment of threatened species
or ecological communities is required.

The Biosecurity Act repealed the Noxious Weeds Act 1993 and provides a framework
for the prevention, elimination and minimisation of biosecurity risks posed by
biosecurity matter, dealing with biosecurity matter, carriers and potential carriers, and
other activities that involve biosecurity matter, carriers or potential carriers.

Part 3 of the Biosecurity Act applies a general biosecurity duty for any person who deals
with biosecurity matter or a carrier to prevent, eliminate or minimise any biosecurity
risk they may pose. Under section 23 of the Act, a person who fails to discharge a
biosecurity duty is guilty of an offence.

Whilst the Act provides for all biosecurity risks, implementation of the Act for weeds is
supported by Regional Strategic Weed Management Plans (RSWMP) developed for
each region in NSW. Appendix 1 of each RSWMP identifies the priority weeds for
control at a regional scale. However, landowners and managers must take appropriate
actions to reduce the impact of problem weed species regardless of whether they are
listed in Appendix 1 of the RSWMP or not as the general biosecurity duty applies to
these species.

Weed management is discussed in Section 6.9.1.

The EP&A Act is the principal planning legislation for NSW. It provides a framework for
the overall environmental planning and assessment of proposals. Part 4 of the EP&A
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Name Relevance to the Project

Act provides for the assessment of development that requires consent. This
Modification has been prepared in accordance with Section 4.55(1a) of the EP&A Act.

Section 1.3 (b) of the EP&A Act states that one of the objectives of the Act is to facilitate
ESD by integrating relevant economic, environmental and social considerations in the
decision-making process. An assessment of the proposal’s merits under ecologically
sustainable development provisions is provided in Section 2.3.

Fisheries Management Act 1994 The FM Act governs the management of fish and their habitat in NSW. The objectives

(FM Act) of the FM Act are to conserve fish stocks and key fish habitats (KFH), conserve
threatened species, populations and ecological communities of fish and marine
vegetation and to promote ecologically sustainable development. The FM Act also
regulates activities involving dredging and / or reclamation of aquatic habitats,
obstruction of fish passage, harming marine vegetation and use of explosives within a
waterway.

In accordance with Part 4, Division 1.7, Section 4.41 (b) of the EP&A Act, applications
for separate permits under Sections 201, 205 or 219 of the FM Act are not required for
SSD, but the offset policy still applies under the FM Act.

Eastern Creek, approximately 100 m to the west is mapped as KFH. However, the
proposed modification will not involve dredging and or reclamation of Eastern Creek
or obstruction of key fish passage. Therefore, the offset policy does not apply.

Gas Supply Act 1996 (GS Act) The GS Act aims to encourage the development of a competitive market in gas and
deliver a safe and reliable supply of gas in compliance with the principles of ESD.
Jemena currently hold a reticulator’s authorisation to operate their network as
required by the GS Act. The authorisation is subject to certain conditions, including
that Jemena must develop, adopt and comply with a Network Code; maintain prudent
insurances; and develop and maintain effective compliance management systems.
Among other things, the GS Act requires that Jemena be a member of the energy
ombudsman scheme and of Dial Before You Dig NSW/ACT Incorporated.

The Gas Supply (Safety and Network Management) Regulation 2013 requires that
Jemena lodge, implement and periodically review a safety and operating plan to
demonstrate sufficient management systems for safe operation of its gas distribution
network.

Heritage Act 1977 The Heritage Act 1977 provides protection of the environmental heritage of the State
which includes places, buildings, works, relics, movable objects or precincts that are of
State or local heritage significance. A key measure for the identification and
conservation of State significant items is listing on the State Heritage Register (SHR) as
provided in Part 3A of the Heritage Act 1977. There are no state listed items on the
site.

National Parks and Wildlife Act The Act aims to conserve the natural and cultural heritage of NSW. Where works will

1974 (NPW Act) disturb Aboriginal objects, an Aboriginal Heritage Impact Permit (AHIP) is required. An
Aboriginal Due Diligence Assessment, in accordance with the Due Diligence Code of
Practice for the Protection of Aboriginal Objects in New South Wales (DECCW 2010) was
undertaken by Biosis in 2014 and has been referred to in this Modification. An updated
Aboriginal Heritage Information Management System (AHIMS) database search was
undertaken on 21 January 2021. No Aboriginal objects or places have been identified
as occurring within the proposal location and the potential of locating them during the
proposed works is assessed as low.

Pipelines Act 1967 (Pipelines Act)  The Pipelines Act regulates the construction and operation of natural gas transmission
pipelines in NSW. In accordance with Clause 11 of the Act, a person shall not construct,
alter reconstruct or operate a pipeline unless the operation is in pursuance of a license
granted under the Act. The EGP is subject to Pipeline License No. 26. As no additional
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Name Relevance to the Project

land is required for the proposed modification, no amendment to the Licence is
required.

Protection of the Environment The POEO Actisthe key environmental protection and pollution statute. The POEO Act

Operations Act 1997 (POEO Act) is administered NSW Department of Planning, Industry and Environment (DPIE) and
establishes a licensing regime for waste, air, water and pollution. Relevant sections of
the Act are listed below:

e  Part5.3 Water Pollution — addressed in Section 6.12

° Part 5.4 Air Pollution — addressed in Section 6.3

° Part 5.5 Noise Pollution —addressed in Section 6.6

° Part 5.6 Land Pollution and Waste — addressed in Section 6.5

Roads Act 1993 (Roads Act) Section 138 of the Roads Act sets out the requirement for approval to carry out certain
works within the vicinity of a road. Under section 138 a person must not, without
consent of the appropriate roads authority:

e  Erecta structure or carry out a work in, on or over a public road;

e  Digup ordisturb the surface of a public road;

° Remove or interfere with a structure, work or tree on a public road;

e  Pump water into a public road from any land adjoining the road; and/or
e  Connect a road (whether public or private) to a classified road.

As part of the proposed modification, Cardno prepared a Traffic Impact Assessment —
Technical Memorandum (2021). The proposed modification will reduce potential traffic
impacts by decreasing the amount of heavy vehicles entering and existing the Project
site to 4 per week (Section 6.8).

Water Management Act 2000 The main objective of the WM Act is to manage NSW water in a sustainable and

(WM Act) integrated manner that will benefit current generations without compromising future
generations' ability to meet their needs. The WM Act is administered by Natural
Resources Access Regulator (NRAR) and establishes an approval regime for activities
within waterfront land, defined as the land 40 m from the highest bank of a river, lake
or estuary.

Under the WM Act, activities and works proposed on waterfront land are regulated.
These activities include:

e the construction of buildings or carrying out of works

e the removal of material or vegetation from land by excavation or any other
means

e the deposition of material on land by landfill or otherwise

e any activity that affects the quantity or flow of water in a water source.

Eastern Creek is approximately 100 m to the west of the project site; therefore, the
proposed modification is not within waterfront land.

In accordance with Part 4, Division 1.7, Section 4.41 (g) of the EP&A Act, a water use
approval under Section 89, a water management work approval under Section 90 or an
activity approval (other than an aquifer interference approval) under Section 91 of the
WM Act is not required for SSD projects.

Western Sydney Parklands Act The WSP Act contains provisions relating to the management of Parklands defined

2006 (WSP Act) under this Act by the WSPT. The principal function of the WSPT is to develop the
Parklands into multi-use urban Parklands for the region of Western Sydney and to
maintain and improve the Parklands on an ongoing basis.

PLANNING INSTRUMENTS

State Environmental Planning The Hazardous and Offensive Development SEPP aims to provide a systematic
Policy No. 33 — Hazardous and approach to planning and assessing developments that are potentially hazardous or
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Name

Offensive Development
(Hazardous and Offensive
Development SEPP)

State Environmental Planning
Policy  (State and  Regional
Development) 2011 (State and
Regional Development SEPP)

State  Environmental  Planning
Policy (Western Sydney Parklands)
2009 (Western Sydney Parklands
SEPP)

Western Sydney Parklands Plan of
Management 2030

Relevance to the Project

offensive. The proposed modification is likely to meet the definition of ‘potentially
hazardous industry’, which is defined In Clause 3 of the SEPP as:

A development for the purposes of any industry which, if the development were to
operate without employing any measures (including, for example, isolation from
existing or likely future development on other land) to reduce or minimise its impact in
the locality or on the existing or likely future development on other land, would pose a
significant risk in relation to the locality:

a. to human health, life or property, or
b. to the biophysical environment,

and includes a hazardous industry and a hazardous storage establishment.

If a development is classified as ‘potentially hazardous industry’, a Preliminary Hazard
Analysis (PHA) must be undertaken to determine the risk to the community, property
and the environment. The original FHA undertaken by GPA has been updated to assess
the potential impacts of the proposed modification (Section 6.4), which concluded that
the calculated frequency of potentially fatal offsite individual risk for the WSGG Project
is estimated to be approximately 8.4 x 10-¢ per year. This value is below the tolerable
risk target of 1 x 10-s per year for ‘active open space areas’.

The State and Regional Development SEPP aims to identify development that is State
or regionally significant and requires approval by the Minister of Planning. In
accordance with Part 2, Clause 8 of the State and Regional Development SEPP,
development is declared to be State significant development for the purposes of the
EP&A Act if:

a. the development on the land concerned is, by the operation of an
environmental planning instrument, not permissible without development
consent under Part 4 of the Act, and

b. the development is specified in Schedule 1 or 2.

In accordance with Schedule 2(5) of the State and Regional Development SEPP,
development is declared to be State significant development when:

Development that has a capital investment value of more than S10 million on land
identified as being within the Western Parklands on the Western Sydney Parklands
Map within the meaning of State Environmental Planning Policy (Western Sydney
Parklands) 2009.

As the proposal will have a capital investment value of more than $10 million and is on
land subject to the WSP SEPP, the proposed development is considered SSD. As such,
the proposal is subject to assessment and determination under Part 4, Division 4.7 of
the EP&A Act and, in accordance with Section 4.38 of the EP&A Act, approval from the
Minister of Planning is required.

In accordance with the WSP SEPP, the land in which the Modification site is situated is
unzoned. Clause 11 (1-3) of the WSP SEPP allows for the proposal to be carried out in
the WSP only with consent.

The proposed modification is not within land mapped as an Environmental
Conservation Area, as defined within the WSP SEPP.

The modification location is within Precinct 9 (Horsley Park) as identified within the
Western Sydney Parklands Plan of Management 2030. The desired future character of
this precinct is to be a ‘key WSPT Business Hub site as an extension of the
Smithfield/Wetherill Park industrial area, surrounded by a sustainable urban farming
precinct. The urban farming precinct will feature market gardening, community and
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Name Relevance to the Project

research gardens, agri-tourism and education programs’. This precinct identifies
utilities infrastructure as a future land use opportunity.

LOCAL PLANNING INSTRUMENTS

Fairfield Local Environmental Plan  The proposed modification is located within the FCC LGA, and as such a review of

2013 (FLEP) zoning maps within the FLEP was undertaken. The FLEP indicates that the location of
the Modification is within an area covered by the Western Parklands SEPP, and
therefore the land is not zoned within the FLEP. In accordance with clause 6 of the
Western Sydney Parklands SEPP, the FLEP does not apply to the location of the
Modification, however feedback from FCC on the SEARs for SSD-10313 and ongoing
consultation has been undertaken as part of the proposed modification.
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4. Stakeholder and Community Consultation

Stakeholder and community consultation has been undertaken for the overall WSGG Project since 2018
in accordance with a Stakeholder Management Plan (SMP) developed specifically for the WSGG Project.
The consultation has been undertaken in two ways:

* In a project specific way, discussing the key aspects of the project
* As part of business as usual engagement by Jemena, where Jemena discussed the WSGG Project
with a range of other business issues.

In addition to the consultation undertaken, Jemena has a dedicated project website
(https://jemena.com.au/about/innovation/power-to-gas-trial), ARENA has a dedicated webpage for the

project (https://arena.gov.au/projects/jemena-power-to-gas-demonstration/), and Jemena utilises

social media platforms to inform of updates, including YouTube, Twitter, Facebook and LinkedIn.

Consultation specific to the proposed modification has been undertaken with the following government
agencies:

¢ Department of Planning, Industry and Environment (through the application of SSD-10313-Mod-
1)

* Western Sydney Parklands Trust (WSPT) — 23 March 2021

* Fairfield City Council (FCC) — 9 April 2021

¢ Department of Planning, Industry and Environment (Hazardous Team) — 28 April 2021

Neither WSPT nor FCC had any additional comments on the proposed modification.
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5. Environmental Risk Assessment

The Australian New Zealand Risk Management Standard (AS/NZS ISO 31000:2009) defines risk
management as the "coordinated activities to direct and control an organisation with regard to risk”
(Standards Australia 2009). Risk arises in all aspects of the project life cycle and offers both opportunity
and threat and must therefore be managed appropriately. Risk management involves establishing an
appropriate risk management culture and applying logical and systematic risk management processes
to all stages in the life cycle of any activity, function or operation.

This Modification EIS adopts an environmental impact assessment methodology aligned to the AS/NZS
ISO 31000:2009 standard:

* Potential risks (environmental impacts) have been identified through the Environmental
Assessment (Section 6)
* Strategies and actions are identified to mitigate the impact of the risk (Section 7)
* An assessment is made of the likelihood of the risk occurring and the consequence if the risk
were to occur:
o thelikelihood of the risk occurring is described as very unlikely, unlikely, possible, likely,
or almost certain to occur
o the consequences or potential impact if the risk event occurred are described as minor,
major, severe, critical or catastrophic.

The risk matrix below (Table 5-1) determines a risk rating of low, medium, high or extreme.

Table 5-1: Environmental Risk Assessment rating matrix

Risk Assessment Matrix Consequence

Likelihood Severe Critical Catastrophic

C D 3

Medium Medium

Very Medium
Unlikely

Unlikely Low Low Medium Medium High

Possible Low Medium High High High

Likely Medium Medium High High

Almost Medium High High

Certain

An environmental risk analysis has been undertaken for all potential environmental impacts that have
been considered within this modification. Note that environmental impacts already outlined in the
previous EIS, which are not anticipated to change as a result of the modification, have not been included.
Therefore, only new environmental impacts that have arisen because of the proposed modification have
been considered. The results of this risk analysis are provided in Table 5-2. The unmitigated risk rating
is the risk rating prior to detailed assessment, or any mitigation being applied and is therefore
precautionary and worst case.

© ECO LOGICAL AUSTRALIA PTY LTD 20



Western Sydney Green Gas Project Modification One - Environmental Impact Statement | Jemena Gas Networks (NSW) Limited

Table 5-2: Environmental risk analysis of adverse environmental issues

Factor Receptor Potential Impact Likelihood Consequence Unmitigated Risk
Hazard and WSGG Site and Increase in previously 2 B
Risks Nearby residences assessed  risk  regarding

hydrogen

Increase in previously 2 B

assessed  risk  regarding

natural gas

Increase in previously 1 B

assessed  risk  regarding

oxygen

Increase in previously 2 B

assessed  risk  regarding
bushfire and electrical fire

Noise and Nearby residences Increase in previously 2 A
Vibration assessed  nuisance  noise
levels during construction

Increase in previously 2 A
assessed nuisance noise
levels during operation

Traffic  and  Existing road Increase in traffic volumes 1 B
transport network

Increased traffic risks and/or 1 D Medium
reduced safety

Water and WSGG Project Site  Disturbance and erosion of 3 A
Land soils and productive topsoil
resources
Soil compaction leading to 3 A
concentrated runoff and
erosion
Soil contamination due to 2 A
spills
Introduction/spread of 3 A
weeds
Social and  Social Carbon Emissions 2 A
£ .
conomic Safety 1 D Medium

In summary, the following environmental risks were considered to be key issues for detailed assessment
(Section 6) and consideration of mitigation strategies (Section 7) within this EIS:

* Hazards and Risks
* Traffic and Transport.

Increased impacts regarding Hazards and Risks and Traffic and Transport were investigated by
specialists. Summaries of these reports are included in Section 6 of this EIS. The full reports are attached
as Appendices. Lower risk issues are addressed in Section 6.
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6. Environmental Assessment

6.1 Assessment Methodology
The Environmental Assessment has been undertaken to assess the potential additional environmental
impacts for a range of specific issues (Table 6-1) as a result of the proposed modification.

Table 6-1: Potential additional environmental impacts

Issues Section

Air Quality and Odour 6.3
Hazards and Risk 6.4
Waste 6.5
Noise and Vibration 6.6
Visual 6.7
Traffic and Transport 6.8
Biodiversity 6.9
Aboriginal Heritage 6.10
Historic Heritage 6.11
Water and Land 6.12
Social and Economic 6.13
Infrastructure 6.14
Cumulative Impacts 6.15

A description of the existing environment for each issue, considering existing levels of development, as
well as antecedent conditions as relevant can be found in the WSGG Project EIS (ELA, 2019). This
provides an opportunity to consider both environmental state and function in the absence of the
proposed WSGG Project.

All potential impacts associated with the proposed WSGG Project modification are considered across
the entire lifespan of the development, considering construction, operational and decommissioning
phases. Potential impacts are considered in addition to the existing environmental conditions as well as
the potential impacts already assessed as part of the WSGG Project EIS (ELA, 2019), representing
potential cumulative impacts. Furthermore, where known future development is proposed,
consideration is given to potential cumulative impacts as relevant.

Mitigation measures are proposed to effectively manage all potential additional environmental
impacts. These may include construction safeguards, consultation, management plans or other relevant
management strategies. A full list of mitigation and environmental management strategies and
commitments is provided in Environmental Management (Section 7).

The Project Justification (Section 2) provides triple-bottom-line (environmental/social/economic)
evaluation of the proposed WSGG Project modification in order to fully describe potential benefits and
impacts to the environment and the local, regional and NSW community.
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Potential residual environmental risks following mitigation are investigated using
likelihood/consequence analysis to describe the potential magnitude of residual impacts. Where the
mitigated impact remains high or extreme, further justification is provided to contextualise project risks
going forward.

Justification against high level social and economic expectations is then considered against the principles
of ESD, and more specifically, considering the particular socio-economic attributes associated with the
proposed WSGG Project modification.

The Conclusion (Section 8) integrates the relevant Statutory and Planning Framework and
commitments made through the Stakeholder and Community Consultation process with the findings
of the Environmental Assessment to provide a concise statement regarding the suitability of the
proposed WSGG Project and outlines any key points for consideration as part of the development
approval process.

6.2 Summary of Potential Additional Environmental Impacts
A summary of the approved Project environmental impacts and potential additional impacts are
summarised in Table 6-2 below.
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Table 6-2: Summary of potential additional environmental impacts

Environmental Aspect

Air Quality and Odour

Hazards and Risk

Waste

Noise and Vibration

Visual

Traffic and Transport

Impacts Approved

Air Quality: Low - Very Low impacts regarding
emissions to air

Odour: No impacts

Dust and Particulates: Minor dust emissions during
construction

Greenhouse Gases: Scope One 15 T CO»-e; Scope Two 0
T CO»-e; Scope Three 4 T COz-e

The calculated frequency of potentially fatal offsite
individual risk is estimated to be approximately 8.4 x 10
6 per year. This value is below the tolerable risk target
of 1 x 105 per year for ‘active open space areas’.

Minor waste generation from packaging and
construction waste.

Construction Noise: Unlikely to be intrusive when
considering existing noise on site.

Operational Noise: Within project trigger levels (when
reduced operating times implemented)

Three sensitive viewing locations will have a moderate
impact rating and have a clear line of site of the
blowdown vent, which is approximately 6.5 m above
the Digital Elevation Model (DEM). However, this will
be mitigated through the existing distance between the
sensitive receivers and WSGG Project facility.

Traffic Generation: Three bus movements per day (or
21 bus movements per week).

Swept Paths: The Swept Path Analysis undertaken by
TTM (2020) to accompany the RTS for construction
vehicles concluded no foreseeable issues.

Western Sydney Green Gas Project Modification One - Environmental Impact Statement | Jemena Gas Networks (NSW) Limited

Potential Additional Impacts

Air Quality: Unchanged
Odour: Unchanged
Dust and Particulates: Unchanged

Greenhouse Gases: Scope One 4.3 T (reduced) CO;-e; Scope
Two 0 (unchanged) T CO,-e; Scope Three 4 T CO,-e (unchanged)

Unchanged (it is noted that consequence modelling within the
revised Final Hazard Analysis (FHA) will be updated to reflect
the removal of high-pressure hydrogen storage and reduced
hydrogen delivery pressure to 35MPa).

Unchanged.

Construction Noise: Unchanged.

Operational Noise: Unchanged.

As the fuel cell and cylinder filling will not exceed more than 2
m from the ground, this remains unchanged.

Traffic Generation: 4 vehicle movements per week (reduced).

Swept Paths: The Swept Path Review undertaken by Cardno
(2021) to accompany this modification for a 19 m semi-trailer,
with a 12.5 m turning radius. The Swept Path Review
undertaken by Cardno (2021) concluded that based on the
design checks, a minor non-compliance was identified at the

Mitigation Measures

Mitigation measures in approval
documentation (EIS (ELA, 2019) and
Response to Submissions (ELA,
2020)) and conditions in
Development Consent for SSD
10313 deemed sufficient. No
additional mitigation measures
deemed necessary.

Additional mitigation measures
outlined in Table 7-1 will be
required to be implemented.

As above.

As above.

As above.

Additional mitigation measures
outlined in Table 7-1 will be
required to be implemented.
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Environmental Aspect

Impacts Approved
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Potential Additional Impacts

driveway layback width. The internal turn around area for the

refilling point required widening (0.5 m) of either the inner

radius or outer radius to accommodate the semi-trailer swept

path. This was a minor design change and was applied during

previous construction.

Furthermore, the driveway onto

Chandos Road may require minor widening of the driveway

layback.

If wheel paths traverse over the concrete driveway

into the Chandos Road gutter / drainage area there may be

ongoing deterioration of the driveway edge. This will need to

be completed as part of future construction.

Mitigation Measures

Biodiversity No significant impact to biodiversity given previous land  Unchanged. Mitigation measures in approval
management practices and the fact that no native documentation (EIS (ELA, 2019) and
vegetation proposed for removal. A Biodiversity Response to Submissions (ELA,
Development Assessment Report (BDAR) Waiver was 2020)) and conditions in
granted on 11 September 2019. Development Consent for SSD

10313 deemed sufficient. No
additional mitigation measures
deemed necessary.

Aboriginal Heritage No impacts to previously recorded Aboriginal items or  Unchanged. As above.
places proposed. Unlikely to impact on unrecorded
archaeological deposits given the low archaeological
potential across the Project site.

Historic Heritage No impacts to any known historical sites or objects. Unchanged. As above.

Water and Land Minor impacts during construction excavation works Unchanged. As above.
such as erosion and sedimentation.

Social and Economic Assessed potential impacts were considered negligible  Unchanged. As above.

— low.
© ECO LOGICAL AUSTRALIA PTY LTD 25



Western Sydney Green Gas Project Modification One - Environmental Impact Statement | Jemena Gas Networks (NSW) Limited

6.3 Air Quality and Odour

6.3.1 Potential Additional Air Quality Impacts

The overall sources of emissions and potential air quality impacts originally assessed are summarised in
Table 6-3. The only by-product from the proposed fuel cell is water vapour. The fuel cell produces no
carbon dioxide (CO,) or odorous gases. Therefore, no additional impacts to air quality are anticipated.

Table 6-3: Sources of emissions to air (Benbow Environmental 2019)

Source Scope Emissions Predicted Impacts
Generator (on Natural Gas Operation) Current Nitrogen Oxides, Fugitive Natural Gas Low
and Odour

Electrolyser (1) Current Oxygen and Fugitive Hydrogen Very Low

Buffer Store Blowdown Vent Current Fugitive Hydrogen Very Low
Electrolyser (2) Future Oxygen and Fugitive Hydrogen Very Low
Hydrogen Refuelling and Dispensing Station  Future Fugitive Hydrogen Very Low
Generator (After Conversion to Hydrogen Future Fugitive Hydrogen and Water Vapour Very Low

Fuel Gas Operation)

6.3.2 Potential Additional Greenhouse Gas Impacts
Benbow Environmental (2019) previously assessed one scenario to predict Greenhouse Gas (GHG)
emissions.

* 1 x Microturbine Generator with 100% consumption of natural gas for six months

* 1x500kW electrolyser (using purchased green power).

It is noted that this scenario assumed that the generator will be operated using 100% natural gas for the
first six months of operation (maximum of 180 days) and will be converted to the consumption of 100%
hydrogen within six months of operation. It is noted that the conversion to hydrogen is dependent on
external verification trials which may extend beyond six months and as such temporary use of CNG
approximately weekly for up to a year (maximum of 52 days) will allow a reduction in GHG emissions by
approximately 62%. After this conversion, the only remaining GHG emissions associated with the WSGG
Project will be Scope Three GHG emissions.

Table 6-4 outlines the previously estimated total annual GHG emissions for the WSGG Project.

Table 6-4: Estimated total annual GHG emissions for the proposal (Benbow Environmental 2019)

Emission Type Annual GHG Emissions Revised Annual GHG Emissions (tonnes
(tonnes Co2-e) C02-e) utilising CNG as fuel for generator

Scope One: Natural gas consumption of 15 4.3 (reduced operation by 62%)

generator

Scope Two: Electricity consumption 0 0 (unchanged)

Scope Three: Natural gas and electricity 4 4 (unchanged)

Scope Three emissions

TOTAL 19 8.3
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The addition of the fuel cell will allow the P2G facility to consume 100% hydrogen efficiently therefore,
reducing the previously estimated total annual GHG emissions to only Scope Three GHG emissions. In
addition, the use of CNG reduces the operational requirements by over 60% and thereby reducing the
equivalent Scope One emissions from the EIS.

6.4 Hazards and Risk

6.4.1 Potential Additional Hazard and Risk Impacts

The proposed inclusion of the CNG as a fuel source, fuel cell package and hydrogen cylinder filling will
not increase the previously assessed risk of jet fires, flash fires or explosions. The Final Hazard Analysis
(GPA, 2021) was completed to incorporate CNG as a fuel source and fuel cell as well as replacing the
hydrogen refueller with the cylinder filling.

Potential impacts associated with jet fires, flash fires and explosions will be reduced by the modification,
from the complete removal of the high-pressure hydrogen storage. As noted in the EIS (ELA, 2019) the
construction of a high pressure storage facility required the construction of a firewall on the east side of
the High-Pressure Hydrogen Storage as it will eliminate the consequence of potentially fatal radiation
crossing the site boundary. Therefore, completely removing high pressure hydrogen storage, negates
the potential risk and consequence of potentially fatal radiation crossing the site boundary.

The calculated frequency of potentially fatal offsite individual risk for the Western Sydney Green Gas
Trial Plant is estimated to be approximately 8.4 x 10 per year. This value is below the tolerable risk
target of 1 x 10°° per year for ‘active open space areas’ (GPA, 2021).

6.5 Waste

6.5.1 Potential Additional Waste Impacts
The majority of waste generation during installation of the fuel cell is likely in the form of plant
packaging. Additional waste may be generated from general waste from staff and contractors.

Potential impacts from construction waste generation include:

*  Minor spills from hazardous fuel and chemical use can be an environmental issue. However, in
the context of the materials and equipment utilised on this project, are typically small in scale
and localised only. On site spill kits will be utilised to contain and remove any contaminated
materials. Used spill kits shall be disposed of at a licenced waste facility

*  Minor pollution of the environment from other general wastes (e.g. packaging). Waste of this
type will be collected and disposed of or recycled in appropriate on-site bins

In accordance with Condition B16 of the Condition Consent for SSD 10313, the following will continue
to be undertaken:

* minimise the waste generated by the development

e classify all waste generated on site in accordance with the EPA’s Waste Classification Guidelines
2014

* store and handle all waste on site in accordance with its classification
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* not receive or dispose of any waste on site
* remove all waste from the site as soon as practicable, and ensure it is sent to an appropriately
licensed waste facility for disposal.

Removal and appropriate disposal of general waste generated by the contractors during the proposed
works shall comply with Jemena and Regulatory requirements.

6.6 Noise and Vibration

6.6.1 Potential Additional Construction Noise Impacts

No further construction noise impacts to those assessed within the original Noise and Vibration Impact
Assessment undertaken by Marshall Day Acoustics (2019) are anticipated. All construction work will be
restricted to take place in accordance with the Interim Construction Noise Guideline (DECC, 2009),
therefore, no construction noise impacts to sensitive receivers at night will occur.

6.6.2 Potential Additional Operational Noise Impacts

The original Noise and Vibration Impact Assessment undertaken by Marshall Day Acoustics (2019) found
that the noise contribution from operation of the microturbine may give rise to noise levels exceeding
the NPfl Project trigger levels during operation at night (Table 6-5). To mitigate this, it was determined
to limit operation of the microturbine to only operate between 7 am and 10 pm as the noise levels are
within the trigger levels during these hours (Table 6-5).

Table 6-5: Predicted noise levels both base case and with reduced operating times at night (Marshall Day Acoustics, 2019)

Receiver Predicted Noise Level, Predicted Noise Level, Laeq, dB Day and  Project Trigger Levels (Laeq)
Laeq, DB (Base Case) Eve (Night) (Reduced Operating Times) ) )

Evening Night
R1 38 38 (35) 46 43 38
R3 32 32(30) 46 43 38
R6 34 34 (32) 46 43 38

Updated modelling was undertaken by Marshall Day Acoustics (2021) (Appendix B) for the newly
proposed fuel cell and compressor based on the following Sound Pressure Level (SPL) data:

*  Fuel Cell Operation: 89.1 dBA at 1 m and 77.2 dBA at 3 m (worst case prediction was adopted)
e Compressor: 85dBAat1m

Table 6-6 outlines the operational noise emissions from the proposed new equipment.

Table 6-6: Predicted noise levels (Marshall Day Acoustics, 2021)

Receiver Predicted Noise Level, Laeq, DB Project Trigger Levels (Laeq)

Fuel Cell Compressor Cumulative (Simultaneously Operating) Evening

R3 31 33 35 46 43 38

R6 32 29 34 46 43 38
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It is noted that both the fuel cell and compressor will operate separately to the microturbine. Therefore,
in accordance with Condition B9 of the Consent Conditions for SSD10313, operating hours for this
equipment can occur 24 hours a day. Noting this, only the compressor is proposed to operate 24 hours
a day (overnight) to allow for filling. The fuel cell is unable to operate overnight due to the lack of

hydrogen. The night (10 pm — 7 am) Project Trigger Levels will not be exceeded at any receivers for the
compressor.

6.6.3 Potential Additional Vibration Impacts

Given the separation distances to residential receivers and the types of construction activities, the risk
of vibration impacts is still considered to be insignificant and therefore vibration has not been assessed
in detail. Notwithstanding this, vibration generating activity will be minimised where possible through
the construction methodologies and selection of appropriate construction equipment.

6.7 Visual

6.7.1 Potential Additional Visual Impacts

The previous Visual Impact Assessment undertaken by ELA in 2019 identified 3 sensitive viewing
locations that will have a moderate impact rating and have a clear line of site of the blowdown vent,
which is approximately 6.5 m above the Digital Elevation Model (DEM). It was concluded that these

impacts are already mitigated through the existing distance between the sensitive receivers and WSGG
Project facility.

The proposed fuel cell and cylinder filling will not exceed more than 2 m from the ground (Figure 6-1)

and will sit within the existing turbine housing. Therefore, potential additional visual impacts are
negligible.
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Figure 6-1: Proposed fuel cell

There will be no additional visual impact from the alteration of fuel source to the microturbine,
temporary parking of the trailer will not be visible from external of the facility.
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6.8 Traffic and Transport
Cardno (2021) undertook an updated Traffic Impact Assessment (Appendix C) for the proposed
modification.

6.8.1 Potential Additional Traffic Impacts

6.8.1.1 Traffic Generation

The proposed modification will result in a decrease in traffic generation. In accordance with the SSD-
10313 approval, three bus movements per day (or 21 bus movement per week) were proposed. The
proposed modification will only require four vehicle movements per week, reducing the impact on local
roads by 85%.

6.8.1.2 Vehicle Use

For the cylinder vehicle filling, it is proposed that a purpose-built dog trailer and tube trailer set up will
be utilised (as presented in Figure 6-2), the tube trailer being the largest vehicle has been accounted for
within the traffic assessment.

The purpose-built dog trailer will be utilised for hydrogen quality of 99.99% and tube trailers utilised
when hydrogen quality of 99.999% is available. Hydrogen quality is dependent on moisture and O,
content and verification is required prior to the use of cylinder dog trailer or tube trailers.

Furthermore, the cylinder vehicles, once full, will be collected and removed from site, no full tube trailer
or dog trailer will be stored at full capacity at the site.

Cylinder Dog Trailer Tube Trailer Example

Figure 6-2: Example of cylinder dog trailer (left) and tube trailer (right)

6.8.1.3 Swept Paths
Assuming the trailers are to arrive from M7 Motorway, the routes to access the site are:

1 The trailers will exit off M7 Motorway and turn right onto Horsley Drive followed by a right turn
onto Wallgrove Road. The trailers will travel northbound and turn right onto Chandos Road and
finally, turn left into the site access road
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2 Thetrailers will exit M7 Motorway and turn left onto Horsley Drive. Trailers will travel eastbound
until tuning left onto Ferrers Road. At the roundabout, the trailers will take the first exit onto
Chandos Road and finally turn right onto the site access road.

It is noted from the transport assessment submitted for the approved EIS, prepared by TTM (November
2019) assessment that, previous consultation with Fairfield City Council has proposed Route 2 as the
preferred route option due to safety concerns for vehicles making right turns from Wallgrove Road to
Chandos Road considering the heavy traffic volumes on Wallgrove Road.

A Swept Path Review was undertaken by Cardno (2021) for a 19 m semi-trailer, with a 12.5 m turning
radius was undertaken to demonstrate if the vehicle can physically enter, manoeuvre and exit from the
site.

Filling Station

As part of the original Swept Path Analysis (TTM, 2020), it was determined that further widening of the
cylinder filling station will be required to accommodate this design vehicle. The inner radius of the
internal island and fencing location has subsequently been slightly adjusted to accommodate the swept
path.

Chandos Road Site Access and Public Intersections

Table 6-7 identifies the characteristics of the existing driveway with respect to the Australian Standard
(AS) 2890.2-2018 requirements. The Swept Path Review undertaken by Cardno (2021) to accompany
the proposed modification concluded that based on the design checks, a minor non-compliance is
identified at the driveway layback width. The internal turn around area for the refilling point requires
widening of either the inner radius or outer radius to accommodate the semi-trailer swept path, which
is proposed to be undertaken as part of the modification.

Table 6-7: Driveway design requirements and provision

Design Aspect AS 2890 Requirements Existing Compliance (Yes/No)
Access Driveway (Layback) width 12.5m 12m No
Access Driveway (circulation) Width 6.5 m 7.5m Yes

The swept paths for vehicle turning in/fout of the driveway onto Chandos Road and at public
intersections are shown in Table 6-8. The driveway onto Chandos Road may require minor widening of
the driveway layback. If wheel paths traverse over the concrete driveway into the Chandos Road gutter
/ drainage area there may be ongoing deterioration of the driveway edge.

Chandos Road has existing weight restrictions (5 GVM) which impacts the site. Based on consultation
undertaken during the EIS stage, Council are aware of the restriction and development site to use
vehicles which exceed this restriction and accept the exceedance based on traffic generation and
overweight vehicle frequency. However, it is noted that the proposed modification will only require 4
vehicle movements per week compared to the previously approved 21 movements per week, reducing
the impact on local roads by 85%.

© ECO LOGICAL AUSTRALIA PTY LTD 31



Western Sydney Green Gas Project Modification One - Environmental Impact Statement | Jemena Gas Networks (NSW) Limited

Generally, the public intersections along the proposed route (Figure 6-3) have sufficient geometry to

cater for the vehicle swept paths.

Legend ,
Site *
Inbound — =————
Outbound

1
Horsley Park
Public School
The Horsley Dr
4
Jur Lady of Victories 3
Horsley Park S
S
Sydney International
Lizard Log, Western

Equestrian Centre

Figure 6-3: Proposed route for hydrogen tube trailers to access and exit the Project site (Cardno, 2021)
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Table 6-8: Swept paths

Swept Path Comments

Route Two

Entering the site from The swept paths are
Chandos Road satisfactory.

Exiting the site onto The swept paths are

Chandos Road satisfactory however minor
widening of the driveway
may be required subject to
the stability of the concrete
driveway and gravel /
asphalt roadway at the edge
of roadway.
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Swept Path Comments Figure

Turning onto Chandos The  swept  path s
Road from Ferrers satisfactory.
Road

Turning onto Ferrers The  swept path is
Road from Chandos satisfactory.
Road
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6.9 Biodiversity

6.9.1 Potential Additional Impacts to Biodiversity

Due to previous land management practices, the study area has largely been cleared for the existing gas
facility. Currently, vegetation on site consists of two individual Eucalyptus tereticornis (Forest Red Gum)
with an exotic dominated groundcover consisting primarily of Pennisetum clandestinum (Kikuyu) and
Trifolium spp.

Due to the limited existing biodiversity within the Project site, a BDAR Waiver was prepared during the
preparation of the EIS. On 11 September 2019 DPIE confirmed that a waiver was granted.

The existing native vegetation within the Project site will remain as part of the proposed modification.
Direct impacts to biodiversity therefore remain unchanged.

Indirect impacts are those impacts that do not directly affect habitat and individuals but that have the
potential to interfere through indirect action. Indirect impacts considered for this assessment are site
impacts (noise, light and weed invasion) and downwind impacts (sedimentation, dust, accidental spills
and leaks).

During construction, noise and dust may emitted through minor earth works to widen the road, which
could have an indirect impact on local fauna. These impacts are short term only and therefore are
unlikely to significantly impact fauna. Also, during excavation works there is a risk that sediment runoff
may impact adjacent native vegetation and nearby tributaries if appropriate sediment and erosion
measures are not in place. These impacts will be managed via an appropriate sediment and erosion
control plan. The overall impacts are likely to be minor.

Possible increase in weed infestation can result if weed propagules are introduced or moved around by
machinery during excavation works. Weed control measures are recommended in Section 7 below to
minimise this risk.
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6.10 Aboriginal Heritage

6.10.1 Potential Additional Impacts to Aboriginal Heritage

The Aboriginal Heritage Information Management System (AHIMS) is a database maintained by DPIE
and regulated under Section 90Q of the National Parks and Wildlife Act 1974 (NPW Act). AHIMS holds
information and records regarding the registered Aboriginal archaeological sites (Aboriginal objects, as
defined under the Act) and declared Aboriginal places that exist in NSW.

An extensive search of the AHIMS database was conducted on 9 September 2019 as part of the WSGG
Project EIS (ELA, 2019) and again on 12 January 2021 to identify if any newly registered Aboriginal sites
were present within, or adjacent to, the study area.

The AHIMS database search was conducted within the following lot/coordinates:

e Lat, Long From: -33.8484, 150.8364
e Lat, Long To: -33.8124, 150.8936
e Buffer: 200m.

The AHIMS search undertaken on 9 September 2019 identified 61 Aboriginal sites recorded in or near
the proposal site and no Aboriginal places. three new Aboriginal sites were recorded after undertaking
the additional AHIMS search. No new Aboriginal sites are located within the proposal site (Figure 6-4).

The recorded AHIMS site (45-5-2567) located approximately 20-30 m to the west of the western
boundary of the proposal site (Figure 6-4) will not be impacted as a result of the proposed modification,
as it is recorded outside of the Project site boundary. The proposed modification is unlikely to impact
on unrecorded archaeological deposits as the potential for intact deposits of Aboriginal objects within
the site boundary were previously assessed to be low (Biosis, 2014). Therefore, previously assessment
impacts to Aboriginal heritage remain unchanged. Nonetheless, should an unexpected Aboriginal object
be identified during construction, work in the immediate vicinity of the find is to stop and the area must
be fenced off with suitable markers (star pickets, flagging or barrier mesh). The Jemena Project Manager
and Environment Representative are to then be notified (refer to mitigation measure AHO2 within
Section 7).
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Figure 6-4: AHIMS sites in proximity to the proposal site
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6.11 Historic Heritage

Searches were made of the following heritage databases on 12 January 2021 in order to determine if
any places of historical significance are located within or in proximity to the study area. Databases
searched included:

* World Heritage List

* National Heritage List

¢ Commonwealth Heritage List

* NSW State Heritage Register

* NSW State Heritage Inventory

* Section 170 Registers

* Fairfield Local Environmental Plan2013.

The results of the searches indicated that there are no known items of historical heritage significance
located within or in proximity to the study area. There is no archaeological potential for relics within
the proposed study area as soils within the area have been heavily disturbed by subsequent agricultural
and construction activities. Therefore, the proposed modification will not impact on any known
historical sites or objects and previously assessed impacts to historic heritage remain unchanged.
Nonetheless, in accordance with Section 146 of the Heritage Act 1977, if an archaeological relic (such as
a deposit or artefact) is uncovered during works, work must cease in the affected area and a qualified
archaeologist contacted to assess the find (refer to mitigation measure HHO1 in Section 7).

6.12 Water and Land

Minor earthworks and excavation will be required for road widening works. However, an increase in
potential impacts such as erosion, sedimentation, encountering groundwater or increasing the risk of
flooding, which were originally assessed under SSD-10313, are unlikely to occur.

The Proponent will continue to implement erosion control devices and sediment traps designed and
installed based on industry best management practice to minimise the potential of sediment leaving the
site. Where topsoil is to be stored in stockpiles, the material shall be placed in a series of low dumps
not exceeding 3 m.

6.13 Social and Economic

6.13.1 Potential Additional Social and Economic Impacts

The modification will be constructed and operated wholly within the existing facility boundary and will
therefore not result in any additional direct negative impacts to the socioeconomic climate of the area
post-construction than previously assessed. The proposed modification is also being developed in
accordance with a range of international and Australian regulations, standards and best practice
guidelines that will assist to ensure that its design, construction and operation is safe.

In the longer term, the proposed modification aims to prove the viability of the technology used within
the WSGG Project, so that future development of large-scale green hydrogen production is further
enabled.
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There is also a risk that in order to reduce the effects of climate change and move towards a
decarbonised society, fossil fuel reserves may become stranded resources. The proposal therefore also
provides a potential solution to prevent Jemena’s gas distribution network from becoming a stranded
asset in the future.

The incorporation of the cylinder filling station rather than a bus refuelling point will allow the facility to
support articulated trucks for cylinder filling. The cylinder filling will lessen potential project risks by
reducing the pressure of compressed hydrogen storage.

6.14 Infrastructure
The existing infrastructure will remain un-impacted by the proposed modification.

6.15 Cumulative Impacts

The modification will be completed wholly within Jemena’s Horsley Park Facility. No other significant
development is known to be currently proposed within the near vicinity of the proposal site at this time.
Materials proposed to be utilised as part of the modification indicate that no additional dangerous goods
will be stored or handled in relation to the sites future operation beyond those already present as part
of the WSGG project. Therefore, as there is no increase in dangerous goods, there is no increase in
assessable quantities under the State environmental Planning Policy No 33 Hazardous and Offensive
Development (Hazardous and Offensive Development SEPP).
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7. Environmental Management

The following mitigation measures have either been identified through the assessment undertaken
through this assessment, supporting assessments or are standard best practice environmental
management controls. They will be incorporated into the detailed design phase of the proposal and
during operation of the proposal, should it proceed. These mitigation measures will minimise any
potential adverse environmental impacts arising from the proposal.

Note that mitigation measures already outlined in the previous EIS are still relevant and will continue to
be implemented. Table 7-1 therefore only summarises new control measures that have arisen because
of the proposed modification.

Table 7-1: Summary of mitigation measures
Impacts To Reasons Mitigation Measures Code

During minor The Erosion and Sediment Control Plan (ESCP) is to be SES11

Soil Erosion and . o
earthworks for road updated to include the proposed road widening works.

Sedimentation .
widening

Removal of high- Revise FHA (2021) following the compressor equipment HRO1

pressure hydrogen selection process.
Hazards and Risk storage and reduced
hydrogen delivery

pressure to 35MPa

Disruption to traffic Heavy vehicles will be restricted to the specified route TR0O6
flows depicted in Figure 6-3.

The Construction Traffic Management Plan is to be updated TRO7
Traffic and Transport to consider the cylinder filling process and loading
locations.

The proposed minor widening (0.5 m) of the site access TRO0S8
driveway will be required to meet AS 2890 Requirements.
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7.1 Residual Environmental Risk Assessment

A residual environmental risk analysis has been undertaken for all potential environmental impacts that
have been considered within this EIS and considers the mitigation measures outlined in Table 7-1. The
analysis utilises the risk matrix provided in Table 5-1. The results of this residual risk analysis are
provided in Table 7-2.

Table 7-2: Residual environmental risk analysis of adverse environmental issues

Factor Receptor Potential Impact Likelihood Consequence Mitigated Risk
Hazard and WSGG Site and Increase in previously 1 B
Risks Nearby residences assessed  risk  regarding

hydrogen

Increase in previously 1 B

assessed  risk  regarding

natural gas

Increase in previously 1 B

assessed  risk  regarding

oxygen

Increase in previously 1 B

assessed  risk  regarding
bushfire and electrical fire

Noise and  Nearby residences Increase in previously 2 A
Vibration assessed  nuisance noise
levels during construction

Increase in previously 2 A
assessed nuisance noise
levels during operation

Traffic and  Existing road Increase in traffic volumes 1 A

transport network
P Increased traffic risks and/or 1 B

reduced safety

Water and  WSGG Project Site  Disturbance and erosion of 2 A
Land soils and productive topsoil
resources

Soil compaction leading to 1 A

concentrated runoff and

erosion
Soil contamination due to 2 A
spills
Introduction/spread of 2 A
weeds

Social and  Social Carbon Emissions 1 A

Economic

: Safety 1 D Medium
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8. Conclusion and Evaluation of Merit

The WSGG Project proposes a P2G facility to transform renewable electrical energy into a combustible
gas, hydrogen, which is either injected at up to 2% by volume into the Sydney secondary gas distribution
network. The objective of the WSGG Project is to test and demonstrate P2G technology in the gas
distribution network to aid in the transition to a low or zero carbon gas network and facilitate the
development of commercially viable systems. Australia’s acceptance for large-scale hydrogen
production depends on a better understanding of P2G.

Commercially this technology is currently considered non-viable, as typical natural gas prices per unit of
energy are an order of magnitude lower than renewably generated hydrogen prices. However, building
both skills and experience within the domestic hydrogen industry will help decrease costs over the long
term, allowing Australia and in particular NSW develop a competitive local and international hydrogen
industry. The WSGG Project will specifically enable learnings across a wide range of hydrogen
applications, allowing Jemena and its project partners to build the knowledge, capabilities and
understanding of the viability and application of hydrogen as a decarbonisation pathway into the future.

The proposed modification will include the addition of a fuel cell and an amendment from the approved
HRS to cylinder filling station within the existing project footprint approved for SSD-10313. In addition,
the proposed modification also includes change in fuel for the microturbine from natural gas to
compressed natural gas which reduce the operation while facilitating testing of the microturbine until
100% hydrogen is utilised. The reduced operation of the generator will reduce the facilities Scope One
emissions by over 60%.

The integration of the fuel cell will increase overall electrical generation capabilities of the system,
compared to the microturbine alone. The change from HRS to cylinder filling station will allow Jemena
and its project partners to develop knowledge of and demonstrate hydrogen fuel cell vehicle refuelling
offsite.

Overall the proposed modification will reduce the approved WSGG Projects hazards and risks, traffic and
transport as the cylinder filling will remove the requirement for high-pressure hydrogen storage as well
as reduce the amount of vehicles on local roads by 85% (reducing 17 vehicle movements per week)
when compared to bus refuelling associated with the HRS.

The implementation of cylinder filling station facilitating offsite distribution and an increase in hydrogen
production from 52,600 kg to 87,600 kg will support further application of ‘green’ hydrogen across the
state.

The current mitigation measures in place, as required by the approved SSD-10313, as well as the
additional mitigation measures outlined in Section 7, are considered adequate to minimise any potential
environmental risks.
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EXECUTIVE SUMMARY

Introduction

Jemena Gas Networks is the asset owner of the Horsley Park High Pressure Gas Facility, comprising of a
number of pressure let down and pipeline pigging facilities, including the Eastern Gas Pipeline (EGP)
pipeline, Jemena Gas Network (JGN) Trunk, Sydney Primary Loop and local secondary network, located
on Chandos Road in Horsley Park, NSW.

Jemena has proposed construction of a demonstration hydrogen production plant within and adjacent
to their existing high pressure gas facilities at Horsley Park in New South Wales. The project, called the
Western Sydney Green Gas Project (WSGGP), will initially produce 100 Nm3/h of hydrogen gas with a
500 kW Hydrogenics PEM electrolyser using electricity from the local power grid. Produced hydrogen
gas will either be injected into the existing natural gas distribution network for sale as blended natural
gas / hydrogen or be used to generate electricity using a gas fuelled generator package.

In accordance with the NSW Department of Planning and Environment (DP&E) requirements set out in
the Hazardous Industry Planning Advisory Paper (HIPAP) 6: Guidelines for Hazard Analysis and for the
risk to be evaluated and compared with the risk criteria in use in NSW and as specified in HIPAP 4: Risk
Criteria for Land Use Planning, GPA Engineering has been requested to prepare a Final Hazard Analysis
(FHA). This is subsequent to the Preliminary Hazard Analysis that was submitted to the DP&E 31*
October 2019 document number P2G-2099-RP-RM-003. The main differences from the PHA are:

e Removal of the vehicle refuelling facilities and associated hydrogen high pressure storage

e Addition of a hydrogen fuelled Fuel Cell for power generation

e Change from natural gas supply fuel supply to the Microturbine being sourced from the
Secondary Main to being sourced from natural gas supplied by a Jemena Truck with gas bottles.

There is potential for additional future scope items to be added consisting of:

e Vehicle refuelling facilities and associated hydrogen high pressure storage (as described in the
PHA)

e Hydrogen cylinder filling facilities (same balance of plant as per vehicle refuelling with the
exception of high pressure storage which is not required for cylinder filling).

If these scope items are going to proceed, this FHA will be amended to include them and re-submitted.
Scope and Aim of Study

The objectives of this report are to determine the risk of a major incident at the WSGGP facility affecting
offsite land users and to compare this with established tolerable risk criteria.

Hazard identification and analysis has been undertaken for the site in the form of HAZID and HAZOP
workshops attended by personnel with the required experience levels. In these studies, hazards were
identified along with existing and proposed safeguards to be incorporated into the design. Scenarios
were then developed for consequence modelling. Consequence modelling was undertaken at the
specified operating conditions and leak type/size for each case.

Results
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There are no potentially fatal offsite individual risks presented by the design of the Western Sydney
Green Gas Project in this report. Any risk of potential injury beyond the boundary is well below the
tolerable risk target for the surrounding land use. It should be noted that none of the credible
consequence contours modelled are expected to impact the residential dwellings on the other side of
Chandos Road approximately 250 m away from the new facility.

In conjunction with design safeguards listed in this report, Jemena will develop an integrity management
plan involving inspection and maintenance of critical equipment as well as upgrading and implementing
their safety management system for the site. This will be reflected in an update to the Safety Case GAS-
999-PA-HSE-002 and the Asset Management System Manual, JEM-AM-MA-001.

Consequence modelling for all scenarios was performed using continuous release rates and is therefore
conservative.
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1 Introduction

1.1 Background

Jemena Gas Networks is the asset owner of the Horsley Park High Pressure Gas Facility, comprising a
number of pressure let down and pipeline pigging facilities, including the Eastern Gas Pipeline (EGP)
pipeline, Jemena Gas Network (JGN) Trunk, Sydney Primary Loop and local secondary network, located
on Chandos Road in Horsley Park, NSW.

Jemena has proposed construction of a demonstration hydrogen production plant within and adjacent
to their existing high pressure gas facilities at Horsley Park in New South Wales. The project, called the
Western Sydney Green Gas Project (WSGGP), will initially produce 100 Nm3/h of hydrogen gas with a
500 kW Hydrogenics PEM electrolyser using electricity from the local power grid. Produced hydrogen
gas will either be injected into the existing natural gas distribution network for sale as blended natural
gas / hydrogen or used to generate electricity using a gas fuelled generator package and fuel cell.

Initially, the generator package will be run on natural gas supplied by one of Jemena’s “back-up” natural
gas supply trucks.

The WSGGP facility will perform the following key functions:

e Convert mains water into hydrogen gas using grid electricity through electrolysis.

e Store hydrogen gas in a buried onsite steel pipeline. This will be used for backup hydrogen gas
supply and injection management.

e Control and safely manage hydrogen gas pressures, temperatures and flowrates for injection
into Jemena’s secondary gas pipeline network.

e Provide a hydrogen microturbine generator and fuel cell to convert stored hydrogen into
electrical energy.

1.2 Scope and Aim of Study

The objectives of this report are to address the Hazard and Risk requirements of the Secretary’s
Environmental Assessment Requirements (SEARs) for the WSGGP by quantitatively determining the risk
of a major incident affecting offsite land users and to compare this with established tolerable risk
criteria.

This Final Hazard Analysis (FHA) has been prepared in accordance with the Department’s Hazardous
Industry Planning Advisory Paper No. 6, ‘Hazard Analysis’ and Multi-level Risk Assessment (Ref 2 and Ref
3).

The scope of the study includes:

e Systematic identification of hazards

e Determination of the consequences of identified hazards

e Determination of the likelihood of loss of containment hazards using published data

e Determination of the acceptability of the risk by comparison to the risk criteria specified in NSW
Department of Planning HIPAP No. 4 (Ref 1)

The DP&E has advised that a Level 2 assessment is appropriate for this facility. A level 2 assessment is
described below:

“A level 2 assessment is semi-quantitative, in that it should, in addition to all the elements of the level 1
analysis, include sufficient quantification of risk contributors to demonstrate that risk criteria will be met.

In particular:
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e appropriate modelling tools should be used to calculate the consequences of all events shown by
the preliminary assessment to have the potential for harmful offsite effects

e there should be an estimate of likelihood for each event confirmed by the consequence modelling
to have significant off-site effects, using appropriate failure data and techniques, such as fault
and event trees

e there should be an indicative estimate of the off-site risk, taking into account the cumulative
impact of multiple events

e the study must demonstrate that all relevant numerical risk criteria will be met (see also section
2.2.4)"1

1.3 Abbreviations

CNG Compressed Natural Gas

EGP Eastern Gas Pipeline

HAZID Hazard ldentification Study

HAZOP Hazard and Operability Study

HDCU High Density Community Use

JGN Jemena Gas Network (NSW Gas Asset)
LNG Liquefied Natural Gas

LOPA Layer of Protection Analysis

MAOQOP Maximum Allowable Operating Pressure
P2G Power to Gas

PHA Preliminary Hazard Analysis

PLC Programmable Logic Controller

SCADA Supervisory Control and Data Acquisition
SCS Station Control System

SIL Safety Integrity Level

SIS Safety Instrumented System

WSGGP Western Sydney Green Gas Project

1 Department of Planning and Environment. Assessment Guideline Multi Level Risk Assessment. 2011.
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2 Site and Process Description

2.1 Site Location and Surrounding Land Uses

The facility is located within the boundaries of Jemena’s current High Pressure Gas Facility, located at
194 — 202 Chandos Road, Horsley Park, NSW, Australia, 32 km west of Sydney CBD. The project location
is within the Fairfield local government area.

The location of the station is shown in Figure 1 and Figure 2. All works associated with the WSGGP will
occur within the boundaries of this property. The site is within the area covered by the Western Sydney
Parklands. The facilities fall under the Eastern Gas Pipeline location classification of Rural Residential
(R2) (Ref 1).

The facility is located 600 m to the east of the Westlink M7 toll road. Eastern Creek runs in a northerly
direction in a wooded area between the M7 and the facility. The Horsley Park Meter Station is located
directly north of the site (see Figure 2). A market garden is located directly east of the site and a quarry
is located to the north.

Private residences are located approximately 250 m to the south of the facility along Chandos Road. The
building to the east of the site is a farm shed and the residence for that property is located on Chandos
Road. There are no schools, hospitals or other development referred to as sensitive development in
HIPAP No. 4 (Ref 1) within the potential hazardous impact zone of the development.

The area adjacent to the eastern boundary fence is currently open for tender for farming purposes.
There are 3 separate blocks currently being offered to be leased by one tenant. Future possible land
uses may include crops, greenhouses, farm sheds, chemical storage sheds or farm gate produce sales.
Jemena have engaged with the Western Sydney Parklands Trust and they are aware of the proposed
hydrogen facility. The Western Sydney Parklands Trust has agreed to inform Jemena of any potential
changes to land use that may result from future tenants.

;La%quarie Patk

4

Figure 1: Project Location (32 km west of Sydney CBD)
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Figure 2: WSGGP Facility Location (within existing Horsley Park Site)

2.2 Site Layout and Equipment
The main plant items and facilities in scope for this project are shown in Table 1.

Table 1: Site Equipment

Item Description

Primary plant generates hydrogen gas on-demand from feed of electricity

Electrolyser
and water.

Hydrogen buffer store | Manages incoming flow of hydrogen gas from electrolyser for onsite
(buried carbon steel storage and distribution to gas injection, hydrogen refuelling station and
pipeline) microturbine.

Hydrogen gas control | Regulates and controls the flow of hydrogen to and from the major
panel equipment.

Hydrogen secondar
y . .g. . v Regulates the injection of hydrogen into the secondary main.
main injection panel

Hydrogen fuel cell Generates electricity on-demand for power grid back-up testing.

HV Substation
includin

( & . Voltage step between site and grid power.
transformer) and grid

connection
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Item Description

Control and . L o
) ) Overall site data acquisition, monitoring and control.
instrumentation

Site civil works Site hard standing, security, weather protection, etc.

Hydrogen / natural Generates electricity on demand for site standby power or for feedback
gas microturbine into the power grid.

Hydrogen refuelling Interfaces and laydown area for future connection to plant associated
station connections with a hydrogen refuelling system.

Waste water from the electrolyser package is sent to the waste water

Waste Water Disposal | . .
disposal system for storage and removal from site as required.

A schematic of the facility is shown in Figure 3.

FUEL CELL
PACKAGE []

Figure 3: Schematic of WSGGP Facility Plant Design and Operation
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2.2.1 Plant Design

The facilities are described in the Basis of Design (Ref 4) and are listed below. Refer to Figure 4 for the
process flow diagram.

2.2.2 Gas Control Panel

The ‘Gas Panel’ will include actuated and manual valving to direct flow to and from the electrolyser,
hydrogen fuel cell, hydrogen-powered generator, and a hydrogen buffer storage pipeline.

The gas panel will be comprised of SS316 tubing and pipe. The gas control panel structure consists of
vertically mounted equipment & instrument panel and a collection hood. The semi-enclosed roof
structure is openly ventilated to allow any hydrogen leaks to disperse into the atmosphere. Hydrogen
leak detection is also provided.

2.2.3 Electrolyser

The function of the electrolyser is to split water into its constituent parts, oxygen and hydrogen. The
oxygen is vented above the electrolyser and the hydrogen is purified before it is transmitted to the buffer
store.

The electrolyser is a self-contained unit, operated from the control panel inside the control hut and
remote shut down from the Jemena control room. Physical access to the unit is via key entry.

2.2.4 Buffer Store

A buffer store will be provided, in order to accumulate hydrogen inventory to ensure that sufficient
quantity is available when required. This additional storage will be provided as an on-site buried pipeline.
Approximately 100 — 120 kg of hydrogen can be stored as line-pack in the buried pipeline.

2.2.5 Generator Set

The purpose of the generator set (microturbine) is to demonstrate and trial its application as a grid
connected back up and grid “battery” when used in conjunction with the electrolyser. The fuel supply
for the generator set will come from natural gas initially. Once certified for hydrogen fuel, the fuel supply
will be from the buffer store via the gas control panel.

The natural gas will be supplied by one of Jemena owned natural gas trailers which are normally used
by the gas network for supply back up. The trailer will be used in accordance with Jemena procedures
and supply requirements for the purposes of commissioning and initial operation until hydrogen service.

2.2.6 Fuel Cell

A fuel cell is an electrochemical device similar to a battery, and composed of a number of cells that
produce current and voltage. Instead of storing and releasing electrons, a fuel cell converts the energy
of the hydrogen molecule directly into electrical power, without combustion. It is an example of
continuous baseload power

A fuel cell will be installed to generate power from hydrogen and trial its application as a grid connected
back up and grid “battery” when used in conjunction with the electrolyser
2.2.7 Hydrogen Secondary Main Injection Panel

The Hydrogen Secondary Main Injection Panel regulates the injection of hydrogen into the secondary
main.
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2.2.8 Waste Water Disposal

The waste water disposal system consists of a waste water sump, sump pump waste water storage tank
and irrigation facilities. The basic philosophy is described below:

e Reject water produced from the electrolyser will be transferred and stored in Waste Water Tank
(T-H10001)

e When required, the water will be distributed to a number of sprinklers via the Irrigation Pump
(P-H10001).

2.2.9 Future Connections

The specification and design of a vehicle dispenser and research and test facility is currently out of scope
for this project. As an alternative cylinder filling will be included in the project scope in a revised FHA,
this process utilises the same balance of plant as per vehicle refuelling (previously assessed in the PHA)
with the exception of high pressure storage which is not required for cylinder filling.

Cylinder filling will be enabled via a metered off-take at the main gas panel to a compressor.
Compressed gas will be delivered to a dispensing facility for the purposes of loading compressed
hydrogen onto cylinder trucks or trailers.

The FHA shall be updated once design conditions have been changed or any equipment has been added
to the facility.
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Figure 4: Process Flow Diagram
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2.3 Secondary Main Network

Jemena own and operate the Sydney Secondary Main Network. The network directly or indirectly
supplies gas to over 900,000 domestic and industrial customers across Sydney region. It has a Maximum
Allowable Operating Pressure (MAOP) of 1,050 kPag. The Sydney Secondary Main Network commenced
construction in the 1960s. Sections are laid through High Density Community Use (HDCU) areas. The
Sydney Secondary Main Network consists mainly of steel either API 5L Grade B or APl 5L Grade X42.
Diameters range from 50 mm — 450 mm.

An overview of the location of the Secondary Main network can be seen in Figure 5 below.
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Figure 5: Overview of Secondary Main Network
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Figure 6: Jemena Network Configuration

Figure 6 shows configuration of Jemena’s NSW JGN network. Supply from the Secondary Main to the
downstream medium and low pressure mains are via District Regulator Sets (DRS) or Secondary
Regulator Sets (SRS). The medium and low pressure mains and services supply natural gas to domestic,
industrial and commercial users.

For this facility, the Hydrogen will be injected downstream of the Horsley Park PRS directly into the
Secondary Main. This network is designed to Australian Standard for Gas Distribution Networks AS4645
(Ref 5) and operated under low stress and no rupture conditions (<20% SMYS).

2.4 Site Buildings

2.4.1 Control Hut

All control and monitoring systems are located within a 20 ft demountable control hut. This hut is
equipped with air conditioning, lighting and basic furnishings for 4 persons.

2.5 Process Control

The facility will incorporate both manual (local) and automatic (both local and remote) features that will
allow plant and equipment to be operated safely and efficiently.

The primary objective of the control system is to provide control over processing functions, protect
plant, equipment and personnel, and enable simple and reliable plant shutdown, and isolation of
equipment. As the facility will be unmanned, minimal operator involvement must be required, including
for start-up, shutdown, and restart. The systems shall therefore monitor and control the facility on a
continuous basis under all operating and environmental conditions.
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The WSGGP facility will be provided with a local PLC (station control system, SCS) designed to control all

major process functions, and a safety instrumented system (SIS) that will shut down (trip) a range of

equipment and equipment packages, and close major isolation valves during emergency events or
process trips.

Hydrogen gas quality will be measured by an analyser within the electrolyser package, with data visible
to the facility SCADA to enable plant adjustments to be made, if necessary.

Utility systems will be controlled by their respective package controllers, as mentioned above. All
packages will be expected to operate without operator intervention.

Refer to the WSGGP control philosophy (P2G-2099-RP-IE-001) for further details.

2.6 Design and Operating Conditions

Table 2: Design Temperatures

Electrolyser (water) Inlet 45 °C 21°C 6°C
Electrolyser (hydrogen) Outlet 80°C 60 °C -20°C
Buffer store Inlet - Outlet | 60 °C 20°C -10°C
Microturbine and fuel cell Inlet 60 °C 25°C -10°C
Ambient air NA 45 °C 21°C -10°C
Stainless Steel Piping N/A 100°C 20-60°C -29°C
(SH3D) 3

Carbon Steel Piping (CH3D)® | N/A 100 °C 20C -29°C

Table 3: Ambient Temperatures

Electrolyser package °C 40 Selected maximum ambient temperature
for cooler sizing

Microturbine generator package °C 60 Maximum operating temperature
Lowest one day mean ambient °C -6 BOM average data for Horsley Park
temperature

Design minimum temperature °C -6 BOM average data for Horsley Park

Table 4: Design Pressures

Electrolyser kPag | 3,800 Electrolyser PSV Set Pressure
Buffer storage kPag | 3,800 Electrolyser PSV Set Pressure.
Note: Hydrotest pressure to 7,650 kPag (1.5 x
MAOP)
GPA Engineering Pty Ltd P11 of 47
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Table 5: Operating Pressures

Parameter ‘ Value Basis
Electrolyser 3,000 kPag P&ID P2G-2099-DW-PD-005
Buffer storage 1,000 — 3,000 Datasheet P2G-2099-DS-JJ-002

kPag
Hydrogen generator and fuel cell 800 kPag P&ID P2G-2099-DW-PD-006

2.7 Standards and Legislation

2.7.1 NSW Legislation

Compliance to NSW Acts and Regulations are mandatory for plant and equipment installed in the State
of NSW. Compliance to all Australian Standards referenced in legislation is mandatory.

Key relevant legislation applicable to plant and equipment in NSW includes the following:

e Work Health and Safety Regulation 2017
e Gas and Electricity (Consumer Safety) Regulation 2018.

In addition to these regulations (and their associated Acts), the following NSW Safework Codes of
Practice shall be incorporated into the scope of supply and include, but are not limited to the following:

e Managing Risks of Plant in the Workplace — Code of practice (July 2014)

e Managing Electrical Risks in the Workplace — Code of Practice (September 2016)

e Managing risks of hazardous chemicals in the workplace code of practice — Code of Practice (July
2014).

2.7.2 Australian, International and Hydrogen Specific Standards and Guidelines

Where applicable the codes listed in Table 6 shall apply or be used in part where relevant. The full list of
applicable codes and standards is provided in project document P2G-2099-LS-QA-001. The hydrogen
specific standards and guidelines shall be observed regarding hydrogen containing equipment where
Australian Standards do not cover specific requirements.
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Table 6: Standards and Guidelines

Australian Standard

Title

AS/NZS 1170.0

Structural Design Actions — General Principals

AS/NZS 1170.1

Structural Design Actions — Permanent, Imposed and Other actions

AS/NZS 1170.2

Structural Design Actions - Wind Actions

AS/NZS 1170.4

Structural Design Actions — Earthquake

AS 1596 The storage and handling of LP Gas

AS 1768 Lightning Protection

AS 2885.1 Pipelines — Gas and Liquid Petroleum - Design and Construction

AS 2885.3 Pipelines — Gas and Liquid Petroleum - Operation and Maintenance

AS/NZS 2885.5 W

Pipelines — Gas and Liquid Petroleum - Field Pressure Testing

AS/NZS 3000 SAA Wiring Rules
Electrical Installation — Selection of Cables - Cables for alternating
AS/NZs 3008 voltages up to and including 0.6/1 kV
AS 3600 Concrete Structures
AS 4041 Pressure Piping
AS 4100 Steel Structures

AS/NZS 60079.10.1

Classification of areas — Explosive gas atmospheres

AS/NZS 60079 Series

Electrical equipment in hazardous area

NCC 2019

National Construction Code

AS 4332

The storage and handling of gases in cylinders

International Standard

Title

ASME B31.12 Process Piping - Hydrogen

ASME B16.5 Pipe, Flanges and Flanged Fittings

ASME B16.21 Non-metallic Flat Gaskets for Pipe Flanges
ASME B1.20.1 Pipe Threads, General Purpose, Inch
ASME VIII Boiler and Pressure Vessel

NFPA 2 Hydrogen Technologies Code

Hydrogen Plant

Reference Standard and Title

Electrolyser

e |SO 22734 Hydrogen generators using water electrolysis process --
Industrial, commercial, and residential applications
e |SO 14687:2018 Hydrogen fuel quality — product specification

Gas Panel (and other
exposed tubing)

e NFPA 2 Hydrogen Technologies Code
e AIGA 033/14 Hydrogen Pipeline Systems (for pipeline pressures
between 10bar and 210bar)

Buffer Store

e |IGA 15/96 Gaseous Hydrogen Stations
e |SO 19884 Gaseous Hydrogen - cylinders and tubes for stationary
storage
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Australian Standard Title

e ASME B31.12 Hydrogen Piping and Pipelines

Note (1) Although AS 2885 does not apply to hydrogen service, the general intent and operational
considerations shall be observed in lieu of dedicated Australian hydrogen pipeline
standards.

2.8 Security and Protection

The SCADA system shall be used to monitor the site security. All entry points including to the PLC and
communication cabinets shall be monitored and an alarm raised when the panel doors are opened. This
alarm will be annunciated on the SCADA system. Typical entry points:

e Site entrance

e Emergency access gate

e Gas / Fire detection

e Building entrance

e PLC/ Communications Cabinet

2.9 Manning

The plant will not have a permanent operator presence and is designed to operate autonomously.

Operator attendance will be required to clear an ESD. The plant will be controllable remotely via SCADA.

2.10 Lightning Protection

Lightening protection for the site will be in accordance with AS 1768.
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3 Safety Features

The inherent risks associated with high pressure gas facilities are managed in accordance with the
principles of operational safety through design. The main philosophies that have been adopted to avoid
potential high risk situations associated with the operation of this facility are to eliminate the potential
risks through design and to ensure appropriate quality control during construction.

3.1 Detection of an Upset Condition

The operating philosophy for the facility, as detailed in the control philosophy (P2G-2099-RP-IE-001) is
to employ remote telemetry to observe and monitor performance. The site will not have a permanent
operator presence and is designed to operate autonomously.

In the event of equipment failure the system is designed to automatically isolate and allow only the
natural gas network flow to continue uninterrupted. The telemetry system will provide data via SCADA,
which in turn will alert the control room staff of the condition of the site prompting a response in line
with the response sheet for the site. Operator attendance will be required to clear an ESD. The plant will
be controllable remotely via SCADA.

3.2 Gas Leak Prevention and Protection

The facility has been designed and constructed in accordance with the requirements of Australian
Standards, codes and practices. In general, leaks of natural gas or hydrogen from pipes and equipment
are prevented through the following features:

e Minimising the number of flanges and threaded connections, with welded connections and
hydrogen suitable compression fittings to be used wherever possible.

e Stringent requirements for material & fabrication inspection prior to fabrication of pipe.

e Non-destructive (x-ray or ultrasonic) testing of welds during construction.

e Hydrostatic testing of equipment prior to commissioning.

e Design and selection of soft components e.g. gaskets, Swagelok compression fittings, threads,
valve internals will be selected in conjunction with vendors to ensure hydrogen compatibility.

e C(Creating a preventative maintenance and inspection program for all equipment and valves
associated with the station.

e Leak inspection of above ground hydrogen piping systems (e.g. with helium or other suitable
method) prior to commissioning with hydrogen.

Prevention of mechanical failure of above ground equipment due to external impact is achieved through
the following:

e Defined access roads

e Access requirements considered when specifying the equipment layout

e Bollards are provided to protect above ground piping from vehicle impact.

e External facility fence to provide security for high risk assets via separation from the general
public.

For external interference threats to the buried pipeline, the following safeguards will be in place:

e The buffer store pipeline will be installed within Jemena’s new high security fence to provide
exclusion from credible third party interference threats.

e The site is operated by Jemena — any work will be under direct supervision (incl. requirements
to consult engineering prior to digging / trenching /placing load on site) and subject to work
permits.

e Pipeline marker signs indicate the buried pipeline route.
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e Company procedures. Jemena procedures require positive location of the pipeline prior to dig-
up, and then restrict the use of mechanical equipment within 500 mm of the pipe wall.
e Marker tape above buried pipe provides pre-warning in case of digging.
e The pipe is expected to resist penetration based on design from;
o Excavators up to 55 t in weight, fitted with general purpose teeth
o Excavators up to 25 t in weight, fitted with tiger teeth. For excavators weighing 30 to
55 t using tiger teeth, it is expected that only one tooth will penetrate the pipe.
o Dozerrippers up to 5 t weight, fitted with single point penetration teeth.

Corrosion prevention achieved for above ground equipment as follows:

e Hydrogen and natural gas are clean and dry gases with a low risk of causing internal corrosion.
e Facility piping is stainless steel, which is less susceptible than carbon steel to external corrosion.

Corrosion prevention achieved for the buried pipe as follows:

e Buried pipeline is coated with fusion bonded epoxy and STOPAQ joint coating and thick walled.
e Buried pipeline is provided with cathodic protection (with regular inspection and monitoring).

Prevention against degradation from hydrogen (e.g. hydrogen embrittlement) as follows;

e Facility piping is 316 stainless steel, which is less susceptible to hydrogen embrittlement.

e Buried pipe is designed with low design factor and relatively low-strength grade (X52) material
to ensure low stress conditions to protecting against rupture due to hydrogen embrittlement.

e Assessment of the loss of fatigue life due to embrittlement has been completed, confirming that
the fatigue risk is significantly beyond the operating profile for the pipeline.

Prevention of overpressure is managed as follows:

e Where a source of pressure is capable overpressuring downstream equipment, a pressure
switch to initiate closure of an XSV in the event of a control valve failure, to isolate the source
from downstream lower rated piping or equipment is included in the design. The switches are
local, hardwired and act independently of the Programmable Logic Controller (PLC). A Layers of
Protection Analysis assessment has been completed on overpressure instrumented functions
(Ref9).

e Buried pipeline will be designed to withstand considerable overpressure by being thick walled,
welded & hydrotested well above required design limits.

3.3 Hydrogen Leak Detection

The following locations will be fitted with gaseous hydrogen detection systems:

Table 7: Hydrogen Leakage Sensors

Location Requirement

Electrolyser Leak detector located by supplier with high alarm back to
Control Room and High-High to automatic local shutdown.

Gas Panel and Injection Panel Leak detector located in the enclosure high point with alarm
back to Control Room and alarm to indicate a leak.

Fuel cell Leak detector located in the enclosure high point with alarm
back to the control room and alarm to indicate a leak

Additionally the following actions were taken in the Balance of Plant HAZOP regarding leak detection:

e Include a short-term isolation function has been added to the design and will be included as a
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routine test in operating procedures. This isolates the system for 15 minutes and monitors
pressure change during shut-in to detect a leak

e Anyhydrogen leak detection will initiate a local beacon/siren. The siren will interlock with facility
gates and will alarm upon attempted entry. Refer to the WSGGP Control Philosophy, Ref 15.

e Include a pipeline low-low pressure trip (PALL-02001) and rate of change trip (PKHH-02001) to
shut down the electrolyser in the event of a significant downstream pressure loss.

3.4 Separation Distances

Equipment within the WSGGP will be generally arranged following a logical process gas flow. Pipe racks
will be provided for routing process piping, providing plant services and electrical and instrumentation
routes. Pipe racks will be located close to grade away from vehicle access routes.

The layout of the process equipment shall consider maintenance and access requirements and
separation distance requirements to minimise risk of escalation of emergency events.

Utility systems will be co-located outside of hazardous areas wherever possible.
The control room is located within the control hut container which is located on the facility hardstand.

The layout shall consider requirements for the future electrolyser stack and balance of plant piping for
the additional 100 Nm3/h of hydrogen gas production.

An outcome of this report is to determine the required separation distance for equipment with
potentially fatal offsite consequences and to ensure such consequences do not extend beyond the site
boundary at grade in the vicinity of the general public or adjacent residents or land holders.

3.5 Control of Ignition Sources
Ignition sources are controlled through:

e Design of site and equipment as per Hazardous Area requirements

e Earthing of all equipment to an earth grid

e All electrical equipment having surge diverters installed for protection of the control system

e Adherence to the Permit to Work requirements (including Hot Work permit).

e Prohibiting smoking or naked flames allowed on site and specifying no spark ignition vehicles
allowed in designated hazardous areas

e Delineated area with bollards and warning signs, as per Australian Standards requirements

Additionally, a HAZOP action was identified for Jemena to conduct a review to determine if any
modifications to their existing ignition control management procedures are required such as
antistatic/flame retardant clothing, non-sparking tooling specific to hydrogen and oxygen service.

3.6 Plant Isolation

Emergency shutdown of the facility can be triggered by the following (to be further assessed during
detailed design):

e Electrolyser package
o Gas detection
o Fire detection
e Remote SCADA ESD push button
e Physical onsite ESD push button
e Greater Horsley Park facility ESD
e Automatic leak detection from cylinder filling compressor
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e Emergency shutdown will result in all packages and systems reverting to their fail safe position.

There is no provision for automatic blowdown of the hydrogen storage pipeline due to the short length
and limited inventory — pipeline blowdown is via a dedicated manual blowdown vent.

Refer to the WSGGP Control Philosophy, Ref 15.

3.7 Fire Detection and Suppression

The site shall be adequately equipped with fire detection (as per ISO 26142) and compliant to federal
and state requirements, local planning conditions and Australian Standards as minimum.

It is assumed no fire suppression is required given the low inventory of fuel gas stored in instrument
tubing above ground.

3.8 Fire Prevention — General
Fire extinguishers are provided at the WSGGP facility as required.

The existing Control Building and new Plant Building have been designed following the requirements
under the Australian Building Code.

3.9 Prevention from Exposure to Harmful Material

There will be very limited amounts and types of potentially harmful material available at the facility.
Nitrogen will be available for equipment purging. Nitrogen can displace oxygen and cause rapid
suffocation. Jemena will manage nitrogen use using existing procedures and practices. Compressed
natural gas and hydrogen are harmful if allowed to escape, due to their flammability. These risks are
well understood and managed by the people performing the maintenance tasks, and procedures and
work permit systems are in place. There are also requirements for PPE, such as the use of gloves, safety
glasses etc. Further, a Permit to Work system applies on site.

3.10 Bush Fire Protection
The WSGGP facility will be gravelled and kept clear for several metres beyond the site perimeter.

In the event of a bush fire, the hydrogen plant will be remotely shutdown by control room operators.

3.11 Protection in Case of Loss of Services

Supply of hydrogen to customers is not critical; interruption to hydrogen supply will not impose a
contractual loss as the facility is for demonstration purposes only.

Electrical power is supplied to the site from the Mains Power Grid. All critical instruments, safety
systems, and control systems in the balance of plant will be powered by a DC UPS (Direct Current
Uninterruptible Power Supply), powered directly from a battery bank (24V DC). The battery bank will be
designed to supply power for critical instrumentation, control and equipment for up to 3 hours for
balance of plant equipment. A 0.5 hour uninterruptible power supply (UPS) is used in electrolyser for
control/communications and will return instruments to a safe condition so that monitoring of
parameters can continue while site is shut down. Backup power will supply lighting of exit signs in
enclosures.

Valves will be opened and shut using instrument air or natural gas. In case of loss of power gas to the
actuator, the valves will be designed to fail safely (either open or close depending on their duty).
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3.12 Prevention of Flooding on Site
Flooding in this area is regarded as a low risk scenario from a land use planning point of view.

The drainage system at the WSGGP will be considered in the detailed design, with suitable hardstand
slope and drainage channels to avoid water ponding on site.

3.13 Road Transport Risks

The existing and proposed facilities will be unmanned and require only infrequent vehicular access.
Increased site access will be required during facility maintenance activities, including heavy vehicles trips
associated with site deliveries. Such activities occur infrequently and risk will be assessed and managed
as required.

3.14 Safety Management Systems

Jemena have a commitment to workplace health and safety and have numerous policies and procedures
to achieve a safe workplace. Their established safety management system will be applied to this new
facility.

An incident reporting and response system is established, providing 24 hour coverage.

The WSGGP Plant will to comply with all codes and statutory requirements with respect to work
conditions. Special precautions are observed as required by the site conditions, in particular, standards
and requirement on the handling of pressurised, flammable gases. All personnel required to work with
these substances are trained in their safe use and handling, and are provided with all the relevant safety
equipment. Emergency procedures will be developed and personnel are trained to respond to
emergencies. Response plans will be updated to include remote shutdown of hydrogen facility in the
event of a fire at a neighbouring facility or in the adjacent bush.

The site will have operations manager with overall responsibility and who is supported by experienced
personnel trained in the operation, maintenance and support of the facility.

A Permit to Work system (including Hot Work Permit for any work that could provide an ignition source)
and control of modification systems will be in use on site to control work and to control plant and
structure from substandard and potentially hazardous modifications. The existing hot work permitting
system will be reviewed for hydrogen and oxygen service.

Protective systems are inspected and tested to ensure they are, and remain, in a good state of repair
and function reliably when required to do so. This will include scheduled testing of shutdown valves,
trips and alarms, and relief devices.

All persons on the premises will be provided with appropriate personal protective equipment suitable
for use with the specific hazardous substances.

A first aid station will be provided comprising an appropriate first aid kit and first aid instructions, i.e.
Material Safety Data Sheets (MSDS), for all substances kept or handled on the premises.

Refer Safety Management Manual GAS-999-OM-HSE-001 for additional details.
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4 Pipeline Integrity & Impacts to Downstream Users

The potential impacts to the distribution network downstream of the injection point at the Horsley Park
Trunk Receiving Station have been summarised in Document P2G-2099-RP-RM-004.

This includes the Sydney Secondary Main distribution network, including the downstream medium and
low pressure mains and the downstream industrial commercial and domestic users when:

Hydrogen of up to 2% (by standard volume), the target injection percentage, is added to the
natural gas mixture.

Hydrogen of up to 10% (by standard volume) is temporarily released into the network. This
scenario is only possible during failure of the hydrogen injection flow control valve and
coincident low flow of natural into the Secondary Main. A shutdown has been included in the
design to isolate hydrogen injection in the event of low natural gas flow for a predetermined
set point to limit volume to less than 10%.

The assessment includes analysis of the impacts of 2-10% hydrogen on the following:

Network materials; including the carbon steel Secondary Main and downstream polyethylene,
nylon, cast iron, and carbon steel low pressure and medium pressure mains.

Gas composition & quality; including assessment against the requirements and limits of
AS 4564 and analysis of the change in properties introduced by the blend.

Safety; including impact on gas build-up in buildings, radiation distance and odorisation.
Downstream user appliance operation; including domestic, commercial and industrial cases.

Management of the impacts will be further assessed independently to this report in Jemena’s Safety
and Operating Plan (SAOP).
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5 Study Methodology

5.1 Hazard Analysis Methodology

5.1.1 Introduction

The methodology for the PHA is well established in Australia. The assessment has been carried as per
the DP&E’s HIPAP No. 4 (Ref 1) and HIPAP No. 6 (Ref 2). These documents describe the methodology
and the criteria to be used in PHAs, as required by the DP&E for major “potentially hazardous”
development. There are five stages in risk assessment (as per Ref 2):

1. Hazard Identification:

Review of possible accidents and impacts that may occur based on previous experience, industry
research and judgements.

2. Consequences and Impact Analysis

Define the characteristics of the identified possible accidents and the facility thresholds for each
consequence type e.g. jet fire, flash fire, vapour cloud explosion.

3. Frequency Analysis

Define the probability of the identified possible consequences

4. Risk Analysis

Define the acceptable risk levels and compare against the determined location specific
individual tolerable risk targets.

5. Review Mitigation Options

Review options for mitigation or management where tolerable limits have been exceeded.
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Figure 7: Hazard Analysis Methodology
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6 Hazard Identification

6.1 Hazardous Materials

6.1.1 Hydrogen

Hydrogen is flammable over a very wide range of concentrations in air (4 — 75%) and is explosive over a
wide range of concentrations (15 — 59%) at standard pressure and temperature. As a result, even small
leaks of hydrogen have the potential to burn or result in an explosion. Where leaked hydrogen can
accumulate in an enclosed environment, the risk of combustion and explosion is significantly increased.
Hydrogen flames are very pale blue and are almost invisible in daylight due to the absence of soot.

The hydrogen molecule is smaller and lighter than that of all other gases, and therefore is highly buoyant
in air and diffuses easily. Leaking hydrogen will rise and become diluted quickly, especially outdoors.

Prolonged exposure to hydrogen can affect some materials to compromise their facture and fatigue
properties. In particular, carbon steel and other metals can experience hydrogen embrittlement.
Hydrogen embrittlement is primarily exhibited by a reduced tolerance to defects, reduction in fracture
toughness, loss of ductility and a reduction in fatigue life; this can be accommodated in design by
ensuring that materials are defect-free, selecting materials that are more resistant to embrittlement (i.e.
stainless steel) by keeping the stress in the material low, and by avoiding cyclic loading. Factors known
to influence the rate and severity of hydrogen embrittlement include hydrogen concentration, pressure,
the chemical composition of the equipment material, stress level, metal tensile strength, grain size and
microstructure (Ref 7).

The storage quantity of hydrogen on site will be approximately 120 kg including the buffer storage.

Table 8: Properties of Hydrogen Gas

Property Value

Molecular weight (g/mole) 2.02
Relative density of the gas (atmospheric temp. and pressure) 0.07
Heat of combustion (MJ/kg) 119.9
Flammable range (vol. % in air) 4-75%
Ratio of specific heats (Cp/Cv) 1.4
Flash point Gas
Auto-Ignition Temperature 560 °C
UN Number 1971

6.1.2 Natural Gas

The natural gas to be present in the facility is composed predominantly of methane gas (>92 mole %)
with the residual mainly ethane (approx. 4 mole %) and carbon dioxide (<2 mole %). The properties of
natural gas are represented by methane and are presented in Table 9.

There is no storage of natural gas on site beyond the inventory in the adjacent Horsley Park facility piping
and buried EGP transmission pipeline and distribution pipelines.
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Table 9: Properties of Methane Gas

Property Value
Molecular weight (g/mole) 16
Relative density of the gas (atmospheric temp. and pressure) 0.55
Heat of combustion (MJ/kg) 50
Flammable range (vol. % in air) 4.4t017
Ratio of specific heats (Cp/Cv) 1.31
Flash point Gas
Auto-Ignition Temperature 595°C
UN Number 1049
6.1.3 Oxygen

Oxygen reacts with most materials. The higher the oxygen concentration and pressure in the
atmosphere or in an oxygen system then:

a) the more vigorously a combustion reaction or fire takes place;

b) the lower the ignition temperature and ignition energy to get a combustion reaction started;
and

c) the higher the flame temperature and destructive capability of the flame.

Some materials that do not burn in air, including some fire resistant materials, can burn vigorously in
oxygen-enriched air or pure oxygen. Oxygen enrichment of the atmosphere can occur in the vicinity of
oxygen vents. Areas near oxygen vents can be particularly hazardous.

In enriched oxygen atmospheres, a common combustible material that most directly affects safety of
personnel is clothing. All clothing materials will burn fiercely in oxygen enriched atmosphere. The same
applies to plastics and elastomers (Ref 8).

There is no storage of oxygen on site. Oxygen will only be present in the Electrolyser building where it is
contained and vented to a safe location above the height of the electrolyser package.

Table 10: Properties of Oxygen Gas

Property Value

Molecular weight (g/mole) 32

Relative density of the gas (atmospheric temp. and pressure) 1.11
Heat of combustion (MJ/kg) N/A
Flammable range (vol. % in air) N/A
Ratio of specific heats (Cp/Cv) 1.4
Flash point N/A
Auto-Ignition Temperature N/A
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6.2 Hazard Identification

A Hazard ldentification (HAZID) and Hazard and Operability (HAZOP) studies were completed on the
Balance of Plant FEED on the 25™ and 26" July and were attended by representatives from Jemena, GPA
Engineering, ANT and Hydrogenics. A subsequent HAZOP to cover the design changes including addition
of a hydrogen fuel cell for power generation and natural gas fuel supply source to the Microturbine
coming from Jemena’s ‘back up trucks’, until such time that it has been certified for operation using
hydrogen as fuel, was conducted on 4™ August 2020. This HAZOP also assessed a new design for
Hydrogen compression package for filling cylinders. However this aspect of the design in not included
for analysis in this report. The FHA shall be updated whenever design conditions have been changed or
any equipment has been added to the facility.

Minutes from these workshops can be seen in Appendix 1 and Appendix 2.

The objective of these reviews was to identify all significant hazards associated with a proposed activity
with a view to eliminating or reducing hazards though the application of inherent safe design at an early
stage of the project.

The methodology used in these reviews is as follows:

e In a facilitated session with subject matter experts, a set of predetermined guidewords is used
to prompt the team to identify potential hazardous events

e The potential consequences of the events are then identified — safety, environmental and or
financial

e The existing/proposed (in the design) safeguards are identified

e |If the safeguards are considered inadequate, further actions are proposed to reduce the risk

Additionally, a layer of protection analysis (LOPA) was undertaken on the following three identified
safety instrumented functions to determine if Safety Integrity Levels were required.

e High-High Injection Pressure PAHH-06006 closing XSV-06001.

e High-High gas fuelled generator Hydrogen Fuel Gas Pressure PAHH-03006 closing XSV-03001.

e High Hydrogen Injection protection of the downstream distribution network, detected by FAHH-
06007 closing Hydrogen Injection Isolation Valve XSV-06001 via the PLC.

Of these functions, one was assigned a SIL 1 based on safety criteria (FAHH-06007). Details of the study
can be found in SIL Study Report P2G-2099-RP-RM-001 (Ref 9). The purpose of this function is to prevent
injection in excess of specifications into the natural gas network.

An AS2885 Safety Management Study (SMS) was conducted on the 9% September 2019 for the buffer
storage pipeline (Ref 9), meeting the requirements of AS.NZS 2885.6. The SMS catalogued all identified
threats to the pipeline and how those threats are to be controlled.

A HAZOP (Ref 11) was conducted by the vendor (Hydrogenics) for the Electrolyser Package on the 9t
September 2019. Minutes from this workshop can be seen in Appendix 3.

Other Safety in Design Reviews conducted were:

e 60% Design Review held on 21° October 2019
e  90% Design Review held on 29" November 2019

A HAZOP for the fuel cell package is still planned for 16" September 2020 which will be undertaken by
the fuel cell supplier.

The objective of all these reviews was to identify significant hazards associated with the design, with a
view to eliminating or reducing hazards through the application of inherently safe design early enough
in the process to minimise any impacts on cost and schedule.
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The outputs of the hazard studies conducted to date have been summarised in a Hazard Identification
Word Diagram which can be seen in Section 6.3.
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The following Hazard Identification Word diagram has been prepared using inputs from the HAZID and HAZOP workshops and equipment vendors:

Table 11: HAZID Word Diagram

procedure

disperse into the atmosphere.
If ignition occurs there is

potential for a fire.

Facility Event Cause/Comment Possible Prevention/Detection Required

Results/Consequences
Release of flammable gas | Corrosion (external or | Loss of containment of | Prevention of corrosion failure or failure due to embrittlement is achieved as follows:
from pipes, equipment, | internal); flange of valve | hydrogen gas. Hydrogen is | e Buried pipe is designed with low design factor and relatively low-strength grade (X52)
valves, fittings, tubing leak, failure in maintenance | lighter than air and will material to ensure low stress conditions protecting against rupture due to hydrogen

embrittlement. This pipe is also coated and has cathodic protection and will have an
established integrity management plan.
e There is a further action to review requirements relating to hydrogen-assisted fatigue crack
growth (HA-FCG), relating to defect inspection, weld defect tolerances, and monitoring etc.
e Facility piping is stainless steel, which is less susceptible than carbon steel to hydrogen
embrittlement. It is also operating under low stress conditions which will prevent a rupture.
e Design and selection of soft components e.g. gaskets, Swagelok, threads, valve internals will
be done in conjunction with vendors to ensure hydrogen compatibility.
e Hydrogen and Natural gas are clean dry hydrocarbons with a low risk of internal corrosion.

Release of flammable gas

during commissioning

Design, material and or

construction defects

Loss of containment of

hydrogen gas. Hydrogen is
and  will

the

lighter than air

disperse  well into
atmosphere. If ignition occurs

there is potential for a fire.

All new equipment will be hydro tested. Prefabricated and site installed piping systems will be leak

tested with air, nitrogen or helium.

Jemena and subcontractor quality control procedures will be applied.

GPA Engineering Pty Ltd

File Reference: P2G-2099-RP-HZ-005-r1

Printed: 02-Jul-2021

P26 of 47



Jemena Ltd
Jemena - Detailed Design for Hydrogen Generation (Western Sydney Green Gas Project)
Final Hazard Analysis

Facility Event

Cause/Comment

Possible
Results/Consequences

Prevention/Detection Required

Release of flammable gas
due to external impact —

above ground equipment

Mechanical damage caused
by external impact e.g.

vehicle or dropped object

Loss of containment of
hydrogen gas. Hydrogen is
lighter than air and will
disperse into the atmosphere.
If ignition occurs there is

potential for a fire.

Design will propose a layout which minimises vehicle traffic whilst considering access

requirements for maintenance/production etc.

A further layout review will be conducted to minimise the potential for vehicle impact. Bollards
will be installed where required; specifically there will be a defined exclusion zone around the

pipeline risers.
Other exclusion zones will be defined and a light barrier installed to demark.

The proposed layout will also be reviewed against existing buried services to determine optimum

locations for vehicle access to the site.
A specific vehicle turnaround access will be provided for water storage tank load-out.
Laydown areas for construction will be allocated in development of the layout.

Jemena lifting procedures will be applied for any heavy lifts, including requirement to isolate and

depressure equipment during lifts if required.

Release of flammable gas

Mechanical damage caused

Loss of containment of

The site is operated by Jemena — any work will be under direct supervision (incl. requirements to

due to external impact — | by external impact e.g. | hydrogen gas. Hydrogen is | consult engineering prior to digging / trenching /placing load on site) and subject to work permits.
buried pipe excavator,  vehicle  or | lighter than air and will | The pyried buffer store pipeline will be installed wholly within Jemena’s high security fenceline.
dropped object disperse into the atmosphere. | pineline marker signs indicate the buried pipeline route.
If ignition occurs there is ) - . . . .
Company procedures. Jemena procedures require positive location of the pipeline prior to dig-up,
potential for a fire. . ) . - .
and then restrict the use of mechanical equipment within 500 mm of the pipe wall.
Marker tape above buried pipe provides pre-warning in case of digging.
The pipe is expected to resist penetration from
-Excavators up to 55 t in weight, fitted with general purpose teeth
-Excavators up to 25 t in weight, fitted with tiger teeth. For excavators weighing 30 to 55 t using
tiger teeth, it is expected that only one tooth will penetrate the pipe.
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neighbouring plant incident

facilities (this plant is within

radiation

contour of

adjacent facilities).

Facility Event Cause/Comment Possible Prevention/Detection Required

Results/Consequences
Release of gas due to | Bushfire, and knock-on | Damage to  equipment, | Hydrogen facility will be manually shutdown in the event of a neighbouring facility fire.
propagation from | effects  from  adjacent | Hydrogen facility potentially | gmergency response plans will be created/updated to include remote shutdown of hydrogen

harmed if a pipeline incident

occurs, but will not cause

escalation beyond the existing

facility in the event of nearby fire.

operator error.

Propagation damage from | risk.

neighbouring facilities eg

thermal radiation,

projectiles
Release of flammable gas | PLC error or failure, | Loss of containment of | Prevention of overpressure is through basic process control and local hardwired trips,
due to overpressure pressure control failure, | hydrogen gas through flanges, | independent from the PLC, isolating pressure sources.

fittings, connections, piping. If

ignition occurs there is

potential for a fire.

Piping and equipment are designed with adequate wall thickness and are hydrotested.

Explosion/flash within

piping

Human error. Air ingress

following commissioning or

maintenance.

Explosion/flash within piping

Strict use of nitrogen purging after maintenance to be enforced in hydrogen service, and included

in all start-up/re-commissioning operating procedures.

Competency based training module will be developed and made a compulsory requirement for

hydrogen service operators.
A register will be created for management of accredited personnel.

Jemena will ensure regular field auditing of procedural activities occurs for the new facility. This

will occur more intensively during initial operation.

Fire/Explosion/Incident

within Electrolyser Building

Overpressure,

external impact

corrosion,

Jet fire/explosion within the

building

The Electrolyser building is equipment with an exhaust fan which will ensure continuous purging

flow through the electrolyser building enclosure.
Detection of exhaust fan failure will initiate an ESD in Electrolyser building.

Hydrogen gas detectors are also fitted in the building and will initiate an ESD if hydrogen is
detected.
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oxygen within or from

electrolyser building

gas through flanges, fittings,

connections, piping.

Facility Event Cause/Comment Possible Prevention/Detection Required
Results/Consequences
Oxygen enriched fire Loss of containment of | Lossof containment of oxygen | All oxygen vents from the electrolyser are designed to be at a height promoting dispersion and

are located at a safe distance from hydrogen vents.
A procedure will be created for management of spare parts specific for hydrogen and oxygen

service.

A HAZID action was recorded for Jemena to contact existing hydrogen/oxygen industries
(industrial gases) to further understand specific risks and risk management controls for this

application.

Electrical flash/explosion

Arc flash may occur due to
electrolyser current
discharge. Considered a low

risk in this application.
Failure of battery on

generator or the two UPS's

Personnel injury.

Stored energy release if

battery fails. Potential for

fire/explosion.

The Electrolyser vendor will minimise potential for arc flash in the electrical design. There is a
HAZID action to determine if arc flash detection is required and if so to include it in the design.

GPA are also reviewing their design regarding arc flash requirements.

Jemena and battery vendor management procedures to be applied for battery management.

Preventative maintenance work orders to be created for battery inspection/testing.

Malicious damage; theft

etc.

Intruders/ vandalism

Damage to equipment

Secure location, away from the roadside, on an existing industrial facility. Signposting will not draw

unwanted attention to the facility.
Facility will be fenced and locked with authorised personnel entry only signage.

Jemena is carrying out an action to review designs from a site security perspective.

Third Party Impact

Aircraft crash / false
landing. This site is in
vicinity of training area with

light aircraft.

Damage, loss of containment,

fire.

General aircraft safety regulations make the event of a crash unlikely. The plant has a relatively

small footprint making it unlikely to be hit in the event of a crash.

Determine if the facility is directly under any new flight paths and potential consequences. Liaise

with relevant authorities.
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Facility Event

Cause/Comment

Possible
Results/Consequences

Prevention/Detection Required

Microturbine Overpressure

in turbine

Failure of upstream

pressure regulators

Loss of containment of fuel
gas. Both fuel sources are
lighter than air and will
disperse  well into the
atmosphere. If ignition occurs

there is potential for a fire.

Trip on high pressure.

Double solenoid isolation at the turbine

Maximum pressure from Jemena Trucks is 800 kPag, and generator is rated for 1,000 kPag. The

likelihood of exceeding full rating is low.

Microturbine compressor -

Small fitting failure

Vibration or fatigue failure

of small fittings.

Loss of containment of fuel
gas. Both fuel sources are
lighter than air and will
disperse  well into the
atmosphere. If ignition occurs

there is potential for a fire.

High vibration switches will shut down the microturbine.
Small fittings to be designed with minimal weight/load stress and pipe supports.

Jemena to implement a routine vibration monitoring program.

Fuel Cell Overpressure

Failure of upstream

pressure regulators

Loss of containment of fuel
gas. Both fuel sources are
lighter than air and will
disperse  well into the
atmosphere. If ignition occurs

there is potential for a fire.

Active/monitor PCVs 03004/03012
PIT-03006 closes XSV-03002 on high high pressure, set at 1,000 kPag.
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6.4 Scenarios for Consequence Modelling

A number of scenarios were identified in the HAZID and HAZOP studies that could lead to a loss of
containment of flammable gasses. The scenarios chosen for consequence modelling are shown in Table
12. The logic for the selection of scenarios is described below:

All above ground pipework in the production and refuelling facilities is 25 mm NB and therefore any
leaks are likely to be small. For frequent small releases (level 1) the El Model (Ref 12) recommends using
a hole size of Imm. However, for conservatism and based on advice from the DPIE, a hole size of 10 mm
has been assumed for this assessment. This hole size has been applied for ‘pinhole’ piping leaks and
small flange leaks. A pinhole piping leak is unlikely to be as large as 10 mm due to the controls in place
and the small diameter of the above ground equipment, so this is a conservative estimate. A 1 mm hole
size was modelled for the refueller dispenser, in addition to the 10 and 15 mm cases.

All piping has been designed to operate in low stress conditions and hydrotested well in excess of the
design pressure, therefore rupture or full bore/guillotine failure of piping is not considered credible.
However, for conservatism, full bore releases have been modelled for all small bore above ground
equipment. This also covers the potential scenario of tube connection pull-out from the compression
fitting due to an impact (though this is unlikely with the protections measures, such as bollards, in
place,).

Rupture of the buried hydrogen piping is not considered credible due to the low stress conditions and
therefore has not been modelled. Similarly, a third party strike on the buried pipeline is not considered
credible as it is within the facility boundary fence line and all excavations will be strictly controlled by
Jemena. Excavation equipment capable of penetrating the pipeline will not be permitted to be used on
the site.

There are two blind flanges (500 mm NB) present on the buried hydrogen storage pipeline risers in the
facility. Gasket failures (segment and full) have been modelled. Hole sizes were calculated based on the
method described in UK HSE Item FR 1.2.4 Flanges and Gaskets (Ref 13).

The scenarios for consequence modelling can be seen in Table 12 below.
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Scenario Location Substance Piping / Causes Hole Size Potential
Equipment Size Consequence
1(a) Above ground hydrogen piping Hydrogen 25 NB Overpressure resulting in leak from a flange or valve, 10 mm (Flange Leak/Pinhole) Potential jet fire or
and equipment (3,500 kPag) corrosion (internal or external); external impact. flash fire
1(b) 25 mm (full bore)
2 (a) Hydrogen piping and equipment | Hydrogen 25 NB Overpressure resulting in leak from a flange or valve, 10 mm (Flange Leak/Pinhole) Potential jet fire or
within the electrolyser container corrosion (internal or external); external impact. flash fire, vapour
cloud explosion.
2 (b) 25 mm (full bore)
3(a) Buried hydrogen piping and Hydrogen 500 NB Corrosion (internal or external); 10 mm (Pinhole) Potential jet fire or
3 (b) risers. Third party strike — (considered not credible at this site) | 50 mm (excavator strike) flash fire
3(c) Gasket Failure (overpressure, poor installation etc) 20 mm (Gasket Segment)
3 (d) Note: Rupture case not credible due to design and low 78 mm (Full Gasket)
stress conditions.
4 (a) Above ground natural gas piping | Natural Gas 25 NB Overpressure resulting in leak from a flange or valve, 10 mm (Flange Leak) Potential jet fire or
4 (b) and equipment (1,050 kPag) corrosion (internal or external); external impact. 25 mm (full bore) flash fire
5a Electrolyser hydrogen Hydrogen Electrolyser will automatically vent hydrogen following DN80 hydrogen vent, 7.4 m Potential jet fire or
vent/automatic blowdown an ESD height flash fire. Note all
vents discharge
) " above 1.8 m.
5b Buffer Storage manual vent Hydrogen The buffer storage pipe / underground natural gas piping | DN50 manual vent, 3.9 m
can be manually blown down to atmosphere via a vent. height
Underground piping (natural
gas) manual vent DN25 manual vent, 4.0 m
5¢ Natural Gas height
6 (a) Above ground hydrogen piping Hydrogen 25 NB Overpressure resulting in leak from a flange or valve, 10 mm (Flange Leak/Pinhole) Potential jet fire or
and equipment (800 kPag) corrosion (internal or external); external impact. flash fire
associated with the Fuel Cell
6 (b) and Microturbine 25 mm (full bore)
7 (a) Above ground natural gas piping | Natural Gas 25 NB Overpressure resulting in leak from a flange or valve, 10 mm (Flange Leak/Pinhole) Potential jet fire or
7 (b) and equipment (800 kPag) corrosion (internal or external); external impact. flash fire
associated with the Truck Fuel
Supply to Microturbine 25 mm (full bore)
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6.5 Credible Hazard Consequences

Due to the properties of natural gas and hydrogen being lighter than air, the most probable
consequences have been determined to be as follows:

Jet Fire

A jet fire occurs when a flammable liquid or gas, under some degree of pressure, is ignited after release,
resulting in the formation of a long, stable flame. Jet fires can be very intense and can impose high heat
loads on nearby plant and equipment but are very directional in nature.

Flash Fire

A flash fire occurs when a cloud of flammable gas mixed with air is ignited. If the cloud is sufficiently
large, it is also possible that the flame may accelerate to a sufficiently high velocity for a vapour cloud
explosion (VCE) to occur. Though very brief, a flash fire can seriously injure or kill anyone within the
burning cloud. Its effects are confined almost entirely to the area covered by the burning cloud. Incident
propagation, sometimes called domino effects, can occur through ignition of materials or structures
within the cloud.

Explosion

Explosions can occur through a variety of mechanisms, but in each case damage or injury is caused by a
pressure wave which is created by rapid expansion of gases. The magnitude of the pressure wave is
usually expressed in terms of blast overpressure. However, in order to properly predict the destructive
capacity, it is necessary to consider the rate of increase/decrease in pressure as the wave passes.
Explosions involving flammable gases are of particular concern in industrial facilities.

Explosions can occur if a mixture of flammable gas and air within the flammable range is ignited. The
magnitude of overpressure developed is strongly influenced by factors such as:

e degree of confinement;

e the size of the cloud;

e degree of turbulence;

e the combustion properties of the gas; and

e the location of the ignition source relative to the cloud.

Explosions may also occur as a result of catastrophic rupture of a pressurised vessel, ignition of dust
clouds, thermal decompositions, runaway reactions and detonation of high explosives such as TNT. Both
blast waves and projectile fragments may result.
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7 Consequence Analysis

A set of representative incident scenarios was determined, based on the current design of the WSGGP
facility, applicable codes and standards, and engineering practice. These scenarios include a range of
hazardous events that have some potential to occur in each area of the facility. In general, these events
can be divided into the following categories:

e Moderate releases (punctures) caused by overpressure resulting in a leak from a flange / valve,
corrosion (internal or external), flexible hose failure, vibration small fitting failure, etc.,
characterised by a hole of 10 mm equivalent diameter;

e External impact, characterised by a hole with a diameter equal to the pipe diameter or, for
vessels and certain process equipment, a hole with a diameter equal to the diameter of the
largest attached pipe;

e Third party strike to the buried hydrogen storage pipeline, characterised by a hole of 50 mm
equivalent diameter;

e Gasket failure due to overpressure, poor installation, etc. For the 500 NB buffer storage risers,
leaks have been characterised by a hole of 20 mm equivalent diameter for a gasket segment and
a hole of 78 mm equivalent diameter for full gasket failure.

7.1 Modelling Software

Consequence analysis was undertaken using the DNV GL process hazard analysis software program
Phast (version 8.1). DNV’s Phast dispersion modelling software is capable also of modelling the effects
of a gas cloud igniting resulting in flash fires, explosions, or jet fires. Based on the specific scenario, Phast
can then predict radiation contours from fires and overpressure contours from explosions. The software
is based on empirical models, as opposed to theoretical models, and are adjusted and calibrated based
on information returned to DNV from partners who provide data following real-world events. The
software has also been validated against other models such as:

e Skottene, M., Holm, A., 2008. H2 Release and Jet Dispersion - Validation of Phast and KFX, Report
2008-0073. DNV Research, Hgvik, Norway.

e Witlox, H.W.M., et al., Modelling and validation of atmospheric expansion and near-field
dispersion for pressurised vapour or two-phase releases, Journal of Loss Prevention in the
Process Industries (2017), http://dx.doi.org/10.1016/j.jlp.2017.05.005

Evaluation Techniques

7.1.1 Leak Rates

Phast models the release behaviour for compressed gas releases from vessels and pipelines. Input data
includes the type of release, location of release with respect to vessel geometry, pipe lengths etc. and
initial conditions of the fluid (i.e. before release). The release rate is assumed to remain constant until
isolation can be achieved - this is a conservative approach as in reality there will be pressure reduction
due to the limited inventory and hence reduction in leak rate.

7.1.2 Duration

The results in Table 17 are based on continuous release rates. This is conservative as it is noted that in
the final system design there will be emergency shutdown and isolation provision designed to detect
leaks and isolate the inventory in as short a time as possible.
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GPA

7.1.3 Dispersion Distances

A gas release will disperse in the atmosphere. A gas is flammable at concentrations between the upper
flammable limit (UFL) and lower flammable limit (LFL). For the gases present in the WSGGP facility these
limits are:

e Hydrogen: UFL = 75%. LFL = 4%.
e Natural gas: UFL = 15%. LFL = 4.4%.

Phast is used to estimate the distance to which a release of either hydrogen or natural gas will disperse
to its LFL based on pressure, velocity and release rate.

7.1.4 Terrain Effects

Ground roughness effects the turbulent flow properties of wind, hence dispersion of a released material.
Terrain effects are taken into account to some degree in dispersion modelling by use of a surface
roughness length.

The roughness length used for all release scenarios is described as Regular large obstacle coverage
(suburb, forest) in the modelling software. This corresponds to a surface roughness length of 1 m,
appropriate to a plant located in a rural area, with some buildings, trees and fences in the vicinity, as
well as some undulation of the surrounding land.

7.1.5 Weather Conditions

Consequence modelling was performed with the weather conditions presented in Table 13. Cases were
determined based on weather data from the Australian Bureau of Meteorology (BOM) for the Horsley
Park Equestrian Centre AWS for the years 1997-2019.

Table 13: Weather Conditions

Weather Parameter Case 1 Case 2 Case 3 Case 4
Case Description Jypic ot || LGRS | Tyiatcold | ypica o
Autumn Day

Wind Speed (m/s) 5.2 3.8 3.0 0.5
Pasquil Stability A/B D F F
Atmospheric Temperature (°C) 36.7 18.2 2.5 18.3
Relative Humidity (%) 50 56 76 66
Solar Radiation Flux (kW/m?) 1.2 0.99 0.68 0.93
Surface Temperature (°C) 36.7 18.2 2.5 18.3

Consequences for each weather condition were modelled with results reported for the worst case.

7.2 Heat Radiation and Explosion Overpressures

7.2.1 Modelling Techniques — Heat Radiation — Theory

The effect of impact of heat radiation on people from a jet fire is shown in the table below:
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Table 14: Jet Fire Consequences

Radiant Heat Level Physical Effect
kW/m? (dependant on exposure duration)
1.2 Received from the sun at noon in summer
2.1 Minimum to cause pain after 1 minute
47 Will cause pain in 15-20 seconds and injury after 30 seconds’
' exposure (at least second degree burns will occur)
e Significant chance of fatality for extended exposure. High chance of
injury
126 e Causes the temperature of wood to rise to a point where it can be
’ ignited by a naked flame after long exposure.
e Thin steel with insulation on the side away from the fire may reach a
thermal stress level high enough to cause structural failure
o Likely fatality for extended exposure and chance of fatality for
instantaneous exposure
23 e Spontaneous ignition of wood after long exposure
e Unprotected steel will reach thermal stress temperatures which can
cause failure
e Pressure vessel needs to be relieved or failure would occur
53 e Cellulosic material will pilot ignite within one minute’s exposure
e Significant chance of fatality for people exposed instantaneously

The effect of impact of heat radiation on people from a flash fire is shown in the table below:

Table 15: Flash Fire Consequence

Physical Effect

Criteria
(dependant on exposure duration)

Lower Flammability | Potentially fatal from people in the ignited flammable cloud path.
Limit Assume 100% fatal in cloud area.

7.2.2 Modelling Techniques — Explosion Overpressures — Theory
The effect of impact of overpressure on facilities and people are shown in the table below:

Table 16: Overpressure Consequence

Overpressure Physical Effect
kPag

e 90% glass breakage

3.5
e No fatality and very low probability of injury

e Damage to internal partitions and joinery but
7 can be repaired
e Probability of injury is 10%. No fatality

14 e House uninhabitable and badly cracked

e Reinforced structures distort
21 e Storage tanks fail
e 20% chance of fatality to a person in a building
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Overpressure Physical Effect
kPag
e House uninhabitable
e Wagons and plants items overturned
35 e Threshold of eardrum damage
e 50% chance of fatality for a person in a building and 1 5% chance of

fatality for a person in the open

Threshold of lung damage
70 e 100% chance of fatality for a person in a building or in the open
e Complete demolition of houses

In Phast, the Multi-Energy method is used to predict the overpressures from flammable gas explosions.
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. Blast of
substantial strength is not expected to occur in open areas. A strong blast is generated only in places
characterized by partial confinement while other large parts of the cloud burn out without contributing
to the blast effects. The vapour cloud explosion is not regarded as an entity but is defined as a number
of sub-explosions corresponding to various sources of blast in the vapour cloud, i.e. each confined part
of the cloud is calculated as a separate vapour cloud explosion.

The initial strength of the blast is variable, depending on the degree of confinement and on the reactivity
of the gas. The initial strength is represented as a scale of 1 to 10 where 1 represents slow deflagration
and 10 represents detonation. For explosions in process plant environments the initial strength is
thought to lie between 4 and 7 on the scale.

The Multi-Energy model selected for the electrolyser container was the uniform confined model, with
an explosion strength of 10 and an explosion efficiency of 12.5%.

Phast can also perform explosion modelling for the parts of the vapour cloud that do not cover an area
of strong confinement. The degree of confinement for the unconfined parts of the cloud must be set
and is typically be around 1 (completely unconfined, e.g. open farmland) or 2 (slight confinement, e.g.
fences, bunds, or hedges).

For the uncongested plant environment of the WSGGP facility, a user-defined Multi-Energy explosion
model was used with the unconfined explosion strength set to 2 and an unconfined explosion efficiency
of 100%.

7.2.3 Calculated Jet Fire Dimensions

Flame dimensions will vary depending on the wind weather conditions. Phast calculates the flame
dimensions for each wind weather category and the worst case scenario is reported.

7.2.4 Calculated Blast Overpressure Dimensions

For a release of pressurised gas into an unconfined environment the chances of an explosion is extremely
small (or of negligible risk).

A vapour cloud explosion is possible however if some degree of confinement is present.
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7.3 Population Density

The population density in the area is very low, equivalent to the description of ‘Farmland, scattered
houses’ with a density of 5 persons per hectare (Ref 3). There are a number of residential dwellings on
the opposite side of Chandos Road from the facility (approximately 250 m away), but the area most
likely to be affected by an incident - that which is adjacent to the facility - consists of vacant land within
the Western Sydney Parklands Trust with future use allocated for market gardens and has no permanent
residents.

7.4 Consequence Calculation results

Table 17 below summarises the heat radiation and overpressure effects for each of the scenarios
modelled. The table indicates whether the specified impacts are expected to exceed the defined site
boundaries. Full results overlayed on the site map with the proposed equipment layout can be seen in
Appendix 5.
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Table 17: Consequence Modelling Results — continuous release rates

Jet Fire Distance m Note5 Explosion Overpressure Distance m -~
Release %
Scenario Rate I"’:ur_y § o F?ta_l ﬁ o Prop:-?ga'tion § o § o § o Flash Fire Note 4 3
T Radiation § .g Radiation § % Radiation § .g 7 kPag § .g 14 kPag § .g Distance m §
(4.7 kW/m?) | & (12.6 kW/m?) | & (23 kW/m?) (] (] (] o
la 0.16 8.0 N 7.5 N 7.5 N n/a - n/a - 13.5 N
1b 0.99 20.5 N 17.5 N 16.5 N n/a - n/a 31.0 N
2g Notel 0.16 7.5 N 6.5 N 5.5 N 19.5 Note3 16.5 Note3 - -
2 Note 1 0.96 20.0 Note2 N 17.0 Note2 N 15.5 Note2 N 47.0 Note3 N 39.Q Note3 N 25.5 N
3a 0.16 11.0 N 7.0 N 5.0 N n/a - n/a - 2.0 N
3b 3.83 48.5 Y 26.5 N 14.5 N n/a - n/a - 2.0 N
3c 0.61 20.5 N 12.0 N 7.5 N n/a - n/a - 3.0 N
3d 9.31 73.5 Y 39.5 N 21.5 N n/a - n/a - 2.0 N
4a 0.15 6.5 N 6.5 N 6.5 N n/a - n/a - - -
4b 0.94 15.5 N 135 N 13.0 N n/a - n/a - - -
5a 0.0025 n/a - n/a - n/a - n/a - n/a - - -
5b 0.13 n/a - n/a - n/a - n/a - n/a - - -
5c 0.087 n/a - n/a - n/a - n/a - n/a - - -
6a 0.04 4.0 N 4.0 N 3.5 N n/a - n/a - 6.0 N
6b 0.25 10.0 N 9.0 N 9.0 N n/a - n/a - 16.5
7a 0.12 6.0 N 6.0 N 6.0 N n/a - n/a - - -
7b 0.73 14.0 N 12.0 N 115 N n/a - n/a - - -
Note 1.  Modelled as open air.
Note 2.  Container dimensions are 12.19 x 2.44 x 2.9 m (L x W x H) therefore these jet fires will impinge upon the container walls/roof.
Note 3.  Explosion overpressure within the container will reach over 70 kPag. Blast assumed to destroy the shipping container it is housed in or lift explosion hatch/hatches. There will be some residual overpressure
effects as shown in the table.
Note 4.  Distance downwind to LFL at height of interest of 1.8 m (representing average human height). For maximum distance to LFL at any height, refer to raw data in 18667-CALC-002-r0 Appendix 2A.
Note 5.  Distances shown are at height of interest of 1.8 m (representing average human height).
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7.5 Major offsite Consequences

The scenarios with the greatest consequences are those which have the potential for offsite
consequences. In this case, for the continuous release rates modelled, there were no flash fires or fatal
radiation levels (*12.6 kW/m?) for jet fires that extended beyond the site boundaries.

There was one scenario where a jet fire with potential radiation effects at the levels sufficient to cause
an injury (4.7 kW/m?) extended beyond the Jemena boundary fence. For the continuous release rates
modelled this was:

e 3d - Full gasket failure of a 500 mm NB flange

An event tree frequency analysis for this scenarios has been conducted to be compared with defined
tolerable risk targets, this is further described in Section 8.

Notes:

e Scenario 3B — an excavator strike on the buried buffer storage pipeline has potential injury
consequences beyond the site boundary, however due to the controls in place this scenario is
considered not credible.

e *Assuming that the heat radiation from a jet fire of 12.6 kW/m?2 will potentially result in an
offsite fatality is a conservative approach as it would require extended exposure for a fatality to
result as described in Table 14
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8 Frequency Analysis

The frequency of an event is the number of occurrences of the event in a specific time period, typically
one year. The event tree below shows the possible eventualities for this study for a gaseous hydrogen
(GH) release

Helease izofafed
GHZ Release

L Immediate
ignition

Delayed ignition Thermal effecis
dominate vs ST
N pressure alfecis? lash Fire

xplosion

i

+ Unignited.

1

Figure 8: Event tree for gaseous hydrogen release

For any scenarios that have the potential for an offsite consequence, an event tree analysis has been
conducted to determine the total individual fatality risk. The total individual risk for the site is the
cumulative total of any offsite risks.

Risk=>pxc
p = probability of occurrence
¢ =the consequences associated with each scenario
Assumptions:

Jet fires are directional and only those angled at human height are potentially fatal. For this assessment,
only those angled at the site boundary can result in a potentially fatal offsite consequence. It has been
assumed that 30% of jet fires could meet these criteria.

Modelling has indicated that due to the open air nature of the facilities and lack of congestion, an
explosion is not a credible scenario.

An explosion may be possible within the confines of the electrolyser building only if the ventilation has
and an undetected leak occurs resulting in an unignited hydrogen cloud accumulating before igniting
resulting in a vapour cloud explosion. In the unlikely event of this occurring, modelling has indicated that
the consequences will not extend beyond the site boundaries, and therefore has not been assessed in
the frequency analysis.

An equipment parts count has been approximated based on preliminary drawings.
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8.1 Failure Rates

The only scenario that required frequency determination, due to potential offsite consequences, was
for the 500 NB flanges in place at the buffer storage risers. Failure data from UK HSE was utilised (Ref
13). There are no potential offsite consequences from a partial gasket failure.

Table 18: Leak Frequency Data from UK HSE — for comparison

Component Release Size Leak frequency
Flanges 500 NB 20 mm 5 x10°

8.2 Ignition Probability

Ignition probabilities for hydrogen were sourced from data from HyRAM specific for hydrogen (refer to
Ref 14).

Table 19: Default Ignition Properties in HyRAM

Hydrogen Release Rate Immediate Delayed Ignition
Ignition Probabilit
ke/s Probability v
<0.125 0.008 0.004
0.125-6.25 0.063 0.027
>6.25 0.23 0.12

These were determined from the paper cited in Ref 18.

8.3 Likelihood of offsite effects

8.3.1 Potential Injuries

For the scenario of a jet fire with potential radiation effects at the levels sufficient to cause an injury
(4.7 kw/m?) that extended beyond the Jemena boundary fence, the estimated frequency of occurrence
was:

Failure of 500 mm NB

-10
Gaskets (full) 7.6x10

The probability of this event occurring is 7.6 x 10" ° which is well below the risk target of 50 x 10°® listed
in HIPAP 4. The event tree calculations can be seen in Appendix 4.

8.4 Risk Criteria

8.4.1 Individual Risk Criteria

The risk criterion to be assessed against is defined in HIPAP No. 4 Risk Criteria for Land Use and Planning
(Ref 1) shown in Table 20 below.
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Table 20: Fatality Risk Criteria

Risk in a million per

_— Land Use
0.5 Hospitals, schools, child-care facilities, old age housing
1 Residential, hotels, motels, tourist resorts
c Commercial developments including retail centres,
offices and entertainment centres
10 Sporting complexes and active open space
50 Industrial

All of the offsite risk impacts are in the region on the eastern side that is owned by the Western Sydney
Parklands Trust. The adjacent land is primarily used for market gardening and has no permanent
residents and therefore is classified as ‘active open space areas’ which has a tolerable risk target of 1 x
10°,

Propagation Risk

Heat radiation levels of 23 kW/m? and explosion overpressure levels of 14 kPag are considered sufficient
to cause damage at neighbouring industrial operations to the extent where further potentially
hazardous incidents can occur.

Incidents with these impacts shall not exceed a risk of 50 in a million a year.
Injury Risk

Heat radiation level of 4.7 kW/m? and explosions over 7 kPag are considered to cause injury to the public.
Incidents with these impacts shall not exceed a risk of 50 in a million a year in residential and sensitive
areas.

8.4.2 Societal Risk Criteria

Societal risk provides estimates of overall risk to the population. Societal risk takes into account whether
an incident occurs in time and space with a population by taking into account the size of the population
that would be affected by each incident. By integrating the risk by the local population density over
spatial coordinates, the global risk for a given accident scenario is obtained. By adding up the several
risk functions (one for each scenario), a global risk function is obtained. In order to estimate the number
of people affected, the population density outside of the industrial site under review is determined.
Therefore, two components are relevant, namely:

e The number of people exposed in an incident, and
e The frequency of exposing a particular number of people.

The Department of Planning have published a set of indicative societal risk criteria (HIPAP 4) as
presented in tabular form in Table 21.
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Number of
fatalities (N) [-]

Acceptable limit of N or more
fatalities per year

Unacceptable limit of N or more
fatalities per year

1 3x10° 3x103
10 1x10° 1x10*
100 3x10°® 3x10°
1000 1x10° 1x107
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9 Risk Results

Consequence Modelling has shown that there are no potentially fatal offsite events that can occur as a
result of jet fires or flash fires. Similarly there are no heat radiation contours at 23 kW/m?2 necessary for
propagation impact any of the neighbouring Jemena equipment.

9.1 Injury Risk Calculations

There was one scenario where a jet fire with potential radiation effects at the levels sufficient to cause
an injury (4.7 kW/m?) that extended beyond the Jemena boundary fence. For the continuous release
rates modelled this was:

e 3d - Full gasket failure of a 500 mm NB flange

The probability of this event occurring is estimated at 7.6 x 10"2%is well below the tolerable risk target of
50 x 10 listed in HIPAP 4. The event tree calculations can be seen in Appendix 4.
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10 Conclusion and Recommendations

There are no potentially fatal offsite individual risks presented by the design of the Western Sydney
Green Gas Project Plant. Any risk of potential injury is well below the tolerable risk target for the
surrounding land use. It should be noted that none of the credible consequence contours modelled are
expected to impact the residential dwellings on the other side of Chandos Road approximately 250 m
away from the new facility.

In conjunction with design safeguards listed in this report, Jemena will develop an integrity management
plan involving inspection and maintenance of critical equipment as well as upgrading and implementing
their safety management system for the site. This will be reflected in an update to the Safety Case GAS-
999-PA-HSE-002 and the Asset Management System Manual, JEM-AM-MA-001.
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) - HAZOP Minutes 18667-REP-008
Project | Western Sydney Green Gas Trial

Node Problem Description Safeguards and Controls Action
" _— - . Complete
ID System / Plant Guideword Cause Consequence Existing Proposed Safeguards New Proposed Safeguards Priority  Responsible Yes/No Comments / Notes
Corrosion - internal or external Release of Hydrogen to atmosphere, |Buried pipe is designed with low design factor and relatively [To further control ignition sources, determine
ignition occurs instantaneously or low-strength grade (X52) material to ensure low stress whether non-sparking tooling is required for all 2 AW
Underground pipeline is carbon steel |delayed resulting in a jet or flash fire. [conditions protecting against rupture due to H2 maintenance work. Provide training and equipment
pipe, which is susceptible to hydrogen  Property damage and potential embrittlement. This pipe is also coated and has cathodic per specifications.
embrittlement. fatality/s protection.
HAZOP action O-4
Facility piping is stainless steel, which is less susceptible Review requirements relating to hydrogen-assisted
than carbon steel to H2 embrittlement, and is also operating|fatigue crack growth (HA-FCG), relating to defect
under low stress conditions which will prevent a rupture. inspection, weld defect tolerances, and monitoring
etc.
H-1 Hydrogen Systems CHEMICAL ENERGY As part of the quality management plan, defect testing of
the piping and equipment will occur post manufacture.
Exhaust fans and H2 gas detectors initiating an ESD in
Electrolyser building.
Operator clothing will be antistatic and flame retardant.
Stray currents Compromised cathodic protection Consider cross-bonding to existing buried assets.
H-2 Buried Steel ELECTRICAL ENERGY leading to corrosion - including of HAZOP action 1-25.
existing assets.
Mole sieve material passing through | Loss of performance Maintenance procedures and operations monitoring.
H-3 Electrolyser CHEMICAL ENERGY into filters - on the electrolyser
package.
H-4 SS Piping CHEMICAL ENERGY Dissimilar metals. Galvanic corrosion. Include isolation joints in the design. 1 NK
CP Interference - The potential for CP Interference will be mitigate in the CP
design. Submission of the new design to the Electrolysis
committee is required for approval.
H-5 Buried Steel CHEMICAL ENERGY
Hydrogen effects on steel Embrittlement and fatigue crack To be susceptible, a combination of three factors is
growth. required: presence of (and diffusion of) hydrogen,
susceptible material, and stress.
The design of piping will be 'no rupture' to ensure that any
potential fatigue cracks will not propagate due to the low
stress conditions.
H-6 Steel HARM TO PLANT Material susceptibility is being managed by material
selection (compatible with hydrogen), post manufacture
defect testing such as hydotest and radiography.
Soil corrosion - potential for acid Corrosion of piping. Coating and CP of buried pipe. Procedure for handling of piping and equipment
sulphate soils. during construction to be created to avoid soil
contact.
H-7 Buried Steel CHEMICAL ENERGY Training of construction personnel is requirements. 2 AW
Vents - sparking due to flaps/moving |lIgnition of hydrogen when venting. Design of all vents to be non-sparking.
H-8 Electrolyser ELECTRICAL ENERGY components and velocity. 1 AP
Vents - sparking due to flaps/moving Design of all vents to be non-sparking. Use a sock.
H-9 Pipeline ELECTRICAL ENERGY components and velocity. 1 NK
Failure of electrolyser chilling systems- Potential burns to personnel touching |Electrolyser package will trip on high discharge
H-10 Electrolyser THERMAL ENERGY max temp 80°C. pipe. temperature.




GPA

ENGINEERING

HAZOP Minutes - Overview

Client Jemena Document Title Document Subtitle Document No.
Client - | GPA | 18667 .

: - HAZOP Minutes 18667-REP-008
Project | Western Sydney Green Gas Trial

Node Problem Description Safeguards and Controls Action
" _— - . Complete
ID System / Plant Guideword Cause Consequence Existing Proposed Safeguards New Proposed Safeguards Priority  Responsible Yes/No Comments / Notes
No low temperature issues.
Considered Joule-Thompson, and
H-11 Electrolyser THERMAL ENERGY chiller system harm to personnel (it
operates to min. 5°C)
Hot components, and exhaust Personnel injury, corrosion. Controlled by design. Cladding will be installed to protect
temperatures. Potential for hydrogen operators. Internal materials are designed to prevent
H-12 Generator THERMAL ENERGY attack (on steel components). hydrogen attack. Vent stack has air shrouded combustion.
Fire from adjacent facility, or bushfire.|Hydrogen facility potentially damaged
if a neighbouring natural gas pipeline [In the event of a bush fire or incident at a neighbouring
incident occurs, but it unlikely to facility, the hydrogen plant will be remotely shutdown.
cause an escalation that is beyond the
existing risk.
H-13 Whole site RADIANT ENERGY
There is bushland adjacent to the
facility but only 2 trees on site.
Battery on generator, and two UPS'. |Stored energy release if battery fails. | Jemena and battery vendor management procedures to be |Preventative maintenance work orders to be created
H-14 Whole site ELECTRICAL ENERGY Potential for fire/explosion. applied for battery management. for inspection/testing. 3 AW
Electrolyser current discharge. Arc flash may occur resulting in Low risk. Reviewing design. Arc flash detection? Bus bars ANT to minimise potential for arc flash in the
personnel injury. Considered a low may be heavy. electrical design. Determine if arc flash detection is
H-15 Electrolyser ELECTRICAL ENERGY risk in this application. required and include in the design. 1 AP
Supplied pad-mount from the grid by
H-16 Transformer ELECTRICAL ENERGY electricity supplier.
Ignition of releases. Fire if loss of containment occurs. A hazardous area study will be completed. The equipment
will hazardous area designed and rated as per report
requirements.
The existing Jemena permit system will be reviewed for the
new application and applied in operation.
H-17 Whole site ELECTRICAL ENERGY Equipment will be procured with lecEx compliance suitable
for hydrogen. - (International Electro technical Commission
System for Certification to Standards Relating to Equipment
for Use in Explosive Atmospheres (IECEx System))
Static risks - ignition source for Fire if loss of containment occurs. Anti-static clothing a requirement for anyone entering the | Induction process to be created for workers /
explosive environment. site. visitors.
Mobile phones and other devices that may be potential Hydrogen gas detectors a requirement for
Numerous visitors expected to the ignition sources to be managed by Jemena's reviewed personnel.
site, including media. permitting system. for this site.
H-18 Whole site ELECTRICAL ENERGY 3 AW
No-go / exclusion zones to be marked out e.g. electrolyser
building.
Mowers, vehicles Fire if loss of containment occurs. Jemena's permit to work system Reference XXX Define exclusion zone around pipeline riser using
i bollards.
H-19 Whole site ELECTRICAL ENERGY 1 SH
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Node Problem Description Safeguards and Controls Action
" _— - . Complete
ID System / Plant Guideword Cause Consequence Existing Proposed Safeguards New Proposed Safeguards Priority Responsible Yes/No Comments / Notes
Small leaks. Loss of product, potential fire. May go |Hydrogen detectors are located in in the electrolyser Create leak response procedure for hydrogen leak 3 AW
undetected. building. Detection will trip the electrolyser (confirm). detection.
Jemena personnel will be required to wear H2 detectors
when entering the site, exclusion zones will be created for
areas with a higher potential for leaks of venting. Add short-term isolation function, which shuts in
system for 15 minutes and monitors pressure
H-20 Whole site CHEMICAL ENERGY HAZOP action 1-19 change during shut-in to detect leak. Include as 1 SD
Balance of plant design to include use of hoods with gas routine test in operating procedures.
detectors in locations with multiple fittings and valves. E.g..
gas panel, injection panel, pipeline end connections.
Large leaks Fire Video cameras reporting to remote control room are a part |Determine requirements for an infrared camera to
of the design. Remote shut-down of the facility is available. |be installed on site. 3 AW
An ESD button will be available at the entrance gate.
Provide Infrared cameras for personnel entering the
H-21 Whole site CHEMICAL ENERGY site.
Leak detection to initiate a local beacon/siren. Make
siren interlock with gate (so only alarms if someone
is there). 1 SD
Impact from vehicle Loss of containment. Design will propose a layout to minimise vehicle traffic Conduct further layout review to minimise potential
considering access requirements for for vehicle impact. Consider all access requirements.
H-22 Whole site KINETIC ENERGY maintenance/production etc. Install bollards where required. 1 NK
Noise Residential disturbances/complaints. |A noise study will be conducted in the design phase.
H-23 Whole site NOISE ENERGY
Working on top of electrolyser Fall from height Jemena working at heights procedures will be applied. Consider moving maintainable components to the
H-24 Electrolyser GRAVITATIONAL ENERGY | package side. 1 AP
Confirm roof railings are orovided.
Soil settlement Stress on fittings causing leaks. Tubing flexibility, civil design to consider local conditions.
H-25 Whole site GRAVITATIONAL ENERGY
Hailstones Damage to the cooling fans on the Hydrogenics to advise on requirements for
H-26 Electrolyser NATURAL ENERGY electrolyser roof. protection from hail damage. 1 AP
Lightning Electrolyser damage. ANT/Hydrogenics to advise on required protection
mechanisms against lightning damaging the
H-27 Electrolyser NATURAL ENERGY electrolyser package. 1 AP
Oxygen loss of containment. Oxygen enriched fire in the Continuous purging flow through the enclosure with Hydrogenics to provide input from package HAZOP
electrolyser building, from pipework [exhaust fans. on management of oxygen risks.
or around vents
Is 02 building analyser included in the package?
Confirm SIL rating of exhaust fan failure detection as
well as H2 and 02 detection in the building.
H-28 Oxygen System CHEMICAL ENERGY HAZOP action 3-12 1 AP
Action for Hydrogenics to identify all feeds to drains.
If gas breakthrough can occur in 02 or H2 scrubbers
connected to drains, a SIL study will be required on
the Low level instrumented functions.
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Node Problem Description Safeguards and Controls Action
" _— - . Complete
ID System / Plant Guideword Cause Consequence Existing Proposed Safeguards New Proposed Safeguards Priority  Responsible Yes/No Comments / Notes
Human error - maintenance activities. |Hydrogen and oxygen services are HAZOP action 1-23 Jemena to contact existing hydrogen/oxygen
new to Jemena. Will require some Develop competency based training module for the new industries (industrial gases) to further understand
additional training ad new practices. [facility. specific risks and risk management.
Make competency based training a requirement for
hydrogen service operators . Create register for Create procedure for management of spare parts
CONTROLS AND management of accredited personnel. specific for hydrogen and oxygen service.
H-29 Whole site 3 AW
CONTROLLERS
Ensure field auditing of procedural activities occurs
for the new facility. More intensively during initial
operation.
Malicious damage; theft etc. (this has \Damage Secure location, away from the roadside, on an existing
happened before at this location) industrial facility. Signposting will not draw unwanted
. attention to the facility.
H-30 Whole site THIRD PARTY HAZARDS Facility will be fenced and locked with authorised personnel
entry only signage.
Air ingress during commissioning, Explosion within piping HAZOP action 1-22
start up after maintenance Strict use of nitrogen purging after maintenance to be
enforced in hydrogen service, and included in all start-up/re]
commissioning operating procedures.
HAZOP action 1-23
Develop competency based training module for the new
H-31 Whole site CHEMICAL ENERGY .
facility.
Make competency based training a requirement for
hydrogen service operators . Create register for
management of accredited personnel.
Distortion of soft components in Loss of containment. Design and liaison with material vendors.
hydrogen service e.g. gaskets, Leak detection
H-32 Whole site KINETIC ENERGY swagelock, treads, valve internals
Aircraft crash / false landing. This site |Damage, loss of containment, fire. General aircraft safety regulations make the event of a crash
is in vicinity of training area with light unlikely. The plant has a relatively small footprint making it
H-33 Whole site THIRD PARTY HAZARDS | jircraft. unlikely to be hit in the event of a crash.
HARM TO HUMANS / Cooling water system - legionnaires? Cooling uses refrigerant, no cooling tower (Hydrogenics to
H-34 Whole site fi
BIOLOGY confirm) .
Prospect reservoir - 1km away. Drains |Contamination of water ways Water treatment and disposal options to be
HARM TO to creek. Only potential effluent is reviewed and specified. Consider EPA regulations
H-35 Whole site i inimisi i 1 SH
ENVIRONMENT Brine. and minimising harm to the environment.
HARM TO NG venting through instrument gas | negligible contribution
H-36 Whole site +
ENVIRONMENT system.
Potential push-back from the Jemena public affairs to develop engagement program with
HARM TO PUBLIC / consumer community on increased the local community and broader consumers.
H-37 Whole site hvd inth d
COMMUNITY ydrogen in the product.
Harm to aircraft flying overhead due | Aircraft disturbance Determine if the facility is directly under any flight
) HARM TO ADJACENT to rfaleased flammable gas ?Iou-d paths and poter.lt.lal consequences. Lease with
H-38 Whole site PROPERTY during venting of storage pipeline. relevant authorities. 2 AW
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H-39 Whole site system
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HAZOP Details - Session 2

Facilitator Francois Lambrechts

Scribe Astrid Bealing

Workshop Date 4th August 2020

Workshop Location Online via Teams

HAZOP Sponsor Jemena

HAZOP Stage Detailed Design

HAZOP Participants - Session 2

Name Initials Role / Position Company AM PM
Astrid Bealing AB Senior Process Engineer GPA Engineering X X
Cameron Ryan CR Senior Mechatronics Engineer GPA Engineering X X
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Background

Update: Produced hydrogen gas will either be injected into the existing natural gas distribution network for sale as blended natural

gas/hydrogen, used to generate electricity using a gas fuelled generator package and fuel cell or to fill transportable hydrogen cylinders. Initially, however, the
gas fuelled generator package will run on natural gas supplied from one of Jemena’s “back up” gas trucks until such time that it has been certified for operation
using hydrogen as fuel.

The plant includes the following equipment, packages and utilities additional to that shown in the overview for Session 1:
¢ Fuel cell using hydrogen
¢ Hydrogen compression package for filling cylinders.

The plant will be designed with the following provisions for expansion:

* Electrolyser package, balance of plant piping and natural gas distribution network injection system designed for an additional 500 kW electrolyser stack and
associated additional 100 Nm3/h of hydrogen gas.

* Electrolyser electrical supply designed to be powered via a proposed solar farm adjacent the facility.

* Connection to a proposed future hydrogen refuelling station package from the compression package.

The electrolyser package, including associated cooling and water treatment system, the gas fuelled generator package, fuel cell and hydrogen compression
package will be vendor designed packages that will interface with the plant.

A HAZOP (Session 1) has already been conducted on the balance of plant equipment, including the waste water disposal system, hydrogen storage pipeline,
natural gas network injection package, and gas panel package, and the plant interfaces to mains water and natural gas distribution network. This HAZOP (Session
2) will cover new balance of plant equipment that has been designed to accommodate new vendor packages being introduced to the project. These new vendor
packages are:

* Ahydrogen fuel cell

* A hydrogen compression package to fill transportable cylinders.

Detailed P&IDs of the electrolyser package, fuel cell, micro turbine and compressor package (TBC) will be available for reference during the workshop but are
excluded from the scope. The HAZOP will consider the interface between these P&IDs and the balance of plant P&IDs prepared by GPA.



G P Client Jemena Document Title Document Subtitle Document No.
A Client P2G-2099 GPA 18667 . . ags
| | HAZOP Minutes Node Definitions P2G-2099-MM-HZ-
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Node Definitions

Node Session Description Drawings: Plant & Equipment: Instrumentation: Line Numbers:
... |P2G-2099-DW-PD-005,
1 s1 E':;EO";SSTO”HH’ hydrogen storage pipeline o, - - 199-pw-Pp-006, EYX-H01001, FG-H03001, FG-H02001 PIT-06015, XSV-06001, PIT-03016, XSV-03001 :g'ggggflc_:gz'js'gg’ 2?_;3;88;’:::5’;:’
vp P2G-2099-DW-PD-004 ’
2 S1 Electrolyser Package Water Supply P2G-2099-DW-PD-005 EYX-H01001 PW-H01001-C1TD-50
Waste Water Disposal System
LSHH-01005, LIT-01004, PI-01001, LIT-01002,
3 S1 P2G-2099-DW-PD-005 T-H01002, P-H01001, T-H01001 LSHH-01003 n/a
4 S1 Electrolyser Vents P2G-2099-DW-PD-005 EYX-H01001 n/a (oxygen vent and hydrogen vent)
5 51 Natural Gas Distribution Network Injection P2G-2099-DW-PD-004 FG-H02001 XSV-06001, PI-06002, FV-06003, PIT-06005, HG-06001-SH3D-25
Run PIT-06006, TIT-06007
Natural Gas Distribution Network Withdrawal
Run
P2G-2099-DW-PD-004 G-H02003-SH3D-25, G-H02001-PE HOLD-50
6 S1 ’ FG-H02001, FG-H03001 XSV-06011, PIT-06008, XSV-03003 ’ ’
HAZOP NOTE: During the workshop Node 6 | P2G-2099-DW-PD-006 ! ’ ’ G-H02001-SH3D-25
and Node 8 were considered simultaneously
and recorded against Node 6.
Gas Fuelled Generator Package Hydrogen P2G-2099-DW-PD-006, XSV-03001, PI-03003, PCV-03017, PI-03018,
7 S1 GX-H09001 HG-H09001-SH3D-25, G-H09003-SH3D-25
Pressure Regulation Run P2G-2099-DW-PD-003 PCV-03019, PIT-03006, UT-03007, TE-03007 ’
Gas Fuelled Generator Package Natural Gas
Pressure Regulation Run
XSV-03003, PI-03009, PCV-03020, PI-03021
8 S1 P2G-2099-DW-PD-005 GX-H09001 ’ ’ ’ " G-H09001-SH3D-25, G-H09003-SH3D-25
HAZOP NOTE: During the workshop Node 6 PCV-03022, PIT-03012, UT-03013, TE-03013 ’
and Node 8 were considered simultaneously
and recorded against Node 6.

Nat | Gas Distributi Net k Inst t
9 s1 G:suor?ftalj: istribution TRetwork Instrument 55 5-2099-DwW-pPD-004 F-HOLD PCV-06014, PI-06013, PSV-06012 n/a




Node Definitions

Node Session Description Drawings: Plant & Equipment: Instrumentation: Line Numbers:
Instrument Air Package (HOLD) and
Instrument Air Header
HAZOP NOTE: During the workshop it was P2G-2099-DW-PD-002,
10 S1 |agreed that instrument air be supplied from | P2G-2099-DW-PD-003, CX-H1001 (HOLD) PIT-10001 (HOLD) IA-H10002-CT1D-25, IA-10001-CT1D-25
the electrolyser package instrument air P2G-2099-DW-PD-005
system rather than a separate balance of
plant instrument air compressor. Therefore
no review of this node was required.
P2G-2099-DW-PD-005,
P2G-2099-DW-PD-006, IA-H10007-SH3D-15, IA-H03003-SH3D-15, IA-
10 S2 Instrument Air Balance of Plant P2G-2099-DW-PD-003, EYX-H01001 PCV-03014, PI-03016, PSV-03015 H03005-SH3D-15, IAH07002-SH3D-15, IA-
P2G-2099-DW-PD-007, H09004,SH3D-15
P2G-2099-DW-PD-008
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HAZOP Minutes - Overview
Problem Description Safeguards and Controls Action
ID Session |Guideword Cause Consequence Existing safeguard Action required Priority Responsible C$:7:::e Close-out Comments and References
Nitrogen leak within electrolyser Nitrogen is an asphyxiant. There is Continuous ventilation of the enclosure. |Develop procedures for entering
enclosure. potential to create low oxygen Ventilation flow meter will stop unitif |enclosure when the system is shut- 1 AW
atmosphere. the ventilation is not working. down.
0-1 s1 TOXICITY Nitrogen bottles are located outside the JEMENA ACTION
container. Consider use of low-oxygen alarm on
Personnel use of low-oxygen gas atmosphere in the electrolyser 1 AW
detectors. container.
Low light inside enclosure on power Slip, trip or fall. Night work not required. Egress lighting from enclosure supplied AN T RSTETT SfPETE e e
failure. from UPS to be provided. include emergency exit lighting - refer
P2G-2099-SP-EL-004.

0-2 s1 SERVICES REQUIRED 1 AP _Electrolyse_r containers proposed to .
include points for battery-backup Exit
lighting as per ANT Variation Request JEM
002A. Exit lighting to be installed by
construction contractor.

Only instrument air users in current Including a balance of plant air Facility instrument air to tie into Refer P&ID DW-PD-005. Note that air
balance of plant scope are two small compressor may be an unnecessary electrolyser instrument air system. consumption has not been confirmed, so

0-3 S1 SERVICES REQUIRED actuated shutoff valves. expense 1 AP /SH YES supplementary compression may be
required in future, but instrument air tie-
in to electrolyser has been provided.

Underground pipeline is CS pipe, which |Loss of containment. Carbon steel pipeline designed with low [Review requirements relating to
is susceptible to hydrogen design factor and relatively low-strength |hydrogen-assisted fatigue crack growth
embrittlement. grade (X52) material to ensure low (HA-FCG), relating to defect inspection,
stress conditions protecting against weld defect tolerances, and monitoring
rupture due to H2 embrittlement. etc. Refer safety management stud.y report,
P2G-2099-RP-RM-001, and fatigue crack
MATERIALS OF . .
0-4 S1 e . S 1 NK YES growth modelling calculation, P2G-2099-
CONSTRUCTION Facility piping is stainless steel, which is ) o
less susceptible than carbon steel to H2 CA-PL-001, which utilised the ASME
. . . model for HA-FCG.
embrittlement, and is also operating
under low stress conditions which will
prevent a rupture.
Buried piping. Use of coating and cathodic protection [Determine requirements for cathodic The pipeline will be protected using
protection (sacrificial anode or cross- sacrificial anode cathodic protection.

0-5 S1 CMOAIIII-E:FI{TJLCST?C'):N bonding to existing lines, TBC) 1 NK YES Refer also the Safety Management Study,
P2G-2099-RP-RM-001, which provides
detail of corrosion control.

Degradation of soft materials e.g. Loss of containment. Confirm compatibility of soft All tubing components are confirmed by
Swagelok fittings, gaskets, components in hydrogen service (hot- supplier as suitable for hydrogen service.
instrumentation from exposure to tap O-rings, insulation joints, instrument .
06 s1 CMOA’;I';E:FI{TJLCST?CI;N hydrogen. P seZIs etc.? J 1 NK /SD VES 'It;zicr;:qwr(.ement.that soft components
patible with hydrogen has been
included in the project construction SOW
and IFT datasheets.
Contaminated pipeline. Unable to achieve specified hydrogen Initial lower-spec hydrogen can be Prepare commissioning plan for quality, HOLD - commissioning plan to be
0-7 s1 COMMISSIONING purity (particularly for future scope directed into the natural gas network with focus on pipeline cleanliness and 1 NK prepared. High-level requirements are
items - fuel cells - where high purity is  |(due to lower purity requirement). dryness. included in the DRAFT construction SOW.
reauired)




HAZOP Minutes - Overview

Problem Description Safeguards and Controls Action
ID Session |Guideword Cause Consequence Existing safeguard Action required Priority Responsible C\c{):?:\le;e Close-out Comments and References
Loss of power. Site communications turn off and 0.5 hour uninterruptible power supply |Install UPS for balance of plant with 2 to
cannot identify the condition / status of |(UPS) used in electrolyser for 3 h backup time. 1 sb
the station. control/communications and will return UPS with minimum 2hr battery backup
instruments to a safe condition so that specified - Refer P2G-2099-DS-EL-005.
0-8 s1 BREAKDOWN Note that hydrogen supply is not critical; [monitoring of parameters can continue |Include backup power supply to lighting
interruption to hydrogen supply is not a [while site is shut down. of exit signs in enclosures. 1 AP Circuit provided for egress lighting from
contractual loss of supply problem. UPS distribution.
Demonstration plant only.
Start-up and shutdown are critical. One |Explosion in piping/equipment. Create competency based training for
of the critical concerns is purging of operators/maintainers and include risks
piping; managing potential for air of air ingress during start-up/shutdown.
ingress during maintenance.
09 s1 STARTUP / Create start-up ::?nd shutd.own 3 AW JEMENA ACTION
SHUTDOWN procedures and include air
freeing/nitrogen purging of equipment
prior to start-up.
Effluent includes Reject water from Environmental pollution Environmental approval plan required to|HAZOP action 3.1: design pre-filtration
water treatment plant, Hydrogen and be submitted and approved for the system to reduce waste water
oxygen gasses. operation. production rate from RO system from
30% to target 1%
Water options study concluded that pre-
Sizing basis for on-site water inventory is filtration is not required and waste water
5m3 currently. Preferred sizing basis is generated can be used onsite for
0-10 S1 EFFLUENT the duration between load-out and size 1 SH YES irrigation. On-site storage capacity is
of load-out truck (e.g. 18 m3). Finalise based on irrigation usage rather than load
sizing requirements for input into out. Refer water options report, P2G-
Environmental Impact Statement. Look 2099-RP-EV-002.
at options to reduce water consumption
and waste; on-site use optional.
o-11 s1 NOISE / VIBRATION Pumps, vents etc. Neighbourhood disturbances. Noise study planned for the site.
Hydrogen, oxygen, bushfire, and knock- [Hydrogen facility potentially harmed if a |Consequence modelling and risk Determine if fire detection is required Fusible loops are not effective for
on effects from adjacent facilities (this |pipeline incident occurs, but will not assessment to be completed. for the site e.g. fusible loops as a result detecting jet fires, which are directional,
0-12 s1 FIRE / EXPLOSION plant is within radiation contour of cause escalation beyond the existing of risk assessment. 1 SH YES and so have not been used. Fire detection
adjacent facilities). risk. Note: no gas or fire detection currently will not be provided at the facility.
provided in the facility.
HAZOD actinn
Loss of containment within electrolyser |[Fire within enclosure. Hydrogen detector in the electrolyser  [Shutdown balance of plant when
enclosure. enclosure, with control functionality to |electrolyser shuts down on safety 1 Sb
increase the fan speed for ventilation on [function (e.g. high hydrogen). Cam to close out item
0-13 s1 FIRE / EXPLOSION low levels of H2 and shutdown on high
levels. Determine if fire detection is required Dan K to close out item
1 AP

within the electrolyser enclosure.




HAZOP Minutes - Overview

Problem Description Safeguards and Controls Action
ID Session |Guideword Cause Consequence Existing safeguard Action required Priority Responsible C\c{):?:\le;e Close-out Comments and References
Loss of containment. Operator approaches plant without Hydrogen detectors installed in the Install an alarm/beacon at the site
knowing there's a leak, potentially electrolyser building and planned for the |entrance gate to alarm on hydrogen 1 SD
introducing an ignition source. BOP gas panel. detection so that operators do not
approach faulted equipment.
Operators to wear personal hydrogen Cam to close out item
detectors. Determine if any modifications to
Jemena's ignition control management
0-14 S1 SAFETY EQUIPMENT L . . 2 AW
Control of ignition sources on the site  |procedures are required such as hot
though Jemena's existing management [work permit system, antistatic clothing
procedures such as hot work permits, requirements, non-sparking tooling. Jemena to close out item
antistatic clothing etc.
Competency based training for
operators.
Leak due to material defect or human Loss of containment. Jemena's Existing test and tag systems.
0-15 g1 |QUALITY AND error during construction or
CONSISTENCY maintenance. Commissioning procedures
OUTPUT - Demonstration plant only.
0-16 S1  [RELIABILITY AND Provision for future rate increase is
BOTTLENECKS included
0-17 S1 EFFICIENCY No Causes identified.
0-18 S1 SIMPLICITY No Causes identified.
Buried services supplying Eastern Gas Access to buried equipment restricted Review layout against buried services. Vehicle turn-around has been designed
Pipeline (EGP) site are located in the by new development. Determine optimum locations for with consideration of existing buried
area of the vehicle turnaround. vehicle access to the site. Jemena to services. Vehicle route will cross existing
provide buried services drawing. 1 AW / NK services, but new foundations will be
clear of existing services. Refer plot plan
Provide vehicle turnaround access for P2G-2099-DW-CV-001.
water storage tank load-out.
0-19 S1 MOBILE EQUIPMENT 1 NK YES Water storage load-out is no longer
/ PLANT MOVEMENT . . .
Provide for laydown requirements for required.
construction in development of layout. NK
1 Laydown areas are available at rear of
facility; construction contractor to finalise
layout and construction sequence. Refer
construction specification P2G-2099-SW-
CN-001.
VOBILE EQUIPMENT construction traffic Compromise to existing operations :i(;;]sr';rulj;c:;)‘rj\ :)ohta)zer;‘:icr]itz‘?;;z :LeriiGP Ir::Ir:JSdTaindcoc:::]rr;irs:::nei:cg f(l)a:sancg:iz HOLD - commissioning plan to be
0-20 st / PLANT MOVEMENT constr‘:ction ¢ Zisrult ’ isti .f iliti 2 MR piGERE, SlElerel el s s
’ ptaccess to existing facilities. included in the DRAFT construction SOW.
Presence of oxygen causes high Unexpected ignition/fire Specific oxygen-service grease provided |Competency-based training to be
flammability of materials. by Hydrogenics. reviewed for operators for equipment in
oxygen service.
PROCESS PLANT Jemena to create management plan for ! AW
NORMAL consumables and critical spares - in
0-21 S1 ABNORMiL oxygen and hydrogen service. JRAEIAACEL
MAINTENANCE 1 AW
Value in keeping spares separate to Determine suitable location for spares.
PROCESS PLANT natural gas equipment. Review potential to store spares in site
0-22 S1  [PROCESS control hut, or existing facility sheds - 1 AW JEMENA ACTION
FUNCTIONALITY

separate room?
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Problem Description Safeguards and Controls Action
Complete
ID Session |Guideword Cause Consequence Existing safeguard Action required Priority Responsible Yes?No Close-out Comments and References
Electrolyser has a number of filter Ensure ease of access and manual Ease of access and manual handling has
- s1 ERGONOMICS packages and nitrogen _bottles that need handling requirements are 1 NK YES been co.nsidered at each (?esign review.
to be changed out routinely. accommodated. Refer minutes of 90% design review, P2G-
2099-MM-PM-053.
Demarcate boundary of hazardous area Hazardous area boundary is 3m from
for pipeline flanges (e.g. with Bollards). flanges, refer HA classification report:
0-24 S1 GUARDING 1 NK YES P2G-2099-CA-HA-001. Area demarcated
with chin-linked bollards: P2G-2099-CA-
HA-001.
0-25 s1 |waARNINGS Unauthorised access to site introduction of ignition sources. Fencing and signage will be provided.
Unauthorised access to site introduction of ignition sources. Access to be managed through permit
0-26 S1  |VULNERABILITY Demonstration plant has government & system.
media interest.
Unauthorised access to site Theft, plant damage, introduction of Site security includes line of sight Complete site security review
Demonstration plant has government & |ignition sources. detectors, gate alarms, CCTV (recently
RD .. i
0-27 s1 3" PARTY media interest. upgraded) etc: A separate security ) AW JEMENA ACTION
INTERFERENCE assessment will be completed for the
site.
ELECTRICAL: Electrical supply. Electrical |Jemena technicians for the site are not Confirm electrical maintenance . .
. L . . . . . Training in basic electrolyser
equipment is high current. familiar with electrolyser electrical requirements w. Hydrogenics/ANT. . . .
. maintenance will be provided to Jemena
equipment. .
L . L personnel as part of the contract with
Determine if additional training is 1 AP . .
. . . . provider, ANT. For all major issues,
Is there potential that stray currents will required for electricians. . .
. . ANT/hydrogenics will be contracted to
compromise CP function? . .
. . complete repairs and maintenance.
Confirm potential for stray currents to 2 AW
0-28 S1 GUARDING .
compromise CP system.
1 NK
Safety management study (P2G-2099-RP-
RM-001) considered fault current and
other CP electrical effects. No sources of
CP interference have been identified.
Heavy rains flooding Site located at high point.
0-29 s1 NATURAL EVENTS Th(?r.e is a stormwater gully between
facility and fence.
Bushfire Plant damage A bushfire assessment will be completed
0-30 s1 NATURAL EVENTS for the Environmental Impact Statement
EIS
Wind Debris, hail, branches coming down... Operators to monitor trees to control
0-31 S1  |NATURAL EVENTS risk of branches falling off. 3 AW JEMENA ACTION
Lightning Plant damage Ii|7g:;n|ng review in accordance with AS . © Lightning risk assessment P2G-2099-RP-
’ EL-003 completed and issued.
0-32 S1  [NATURAL EVENTS v ) dvise of anv lishtni
Y rogfanlcs to ? vise of any lightning 1 AP It is proposed to earth the process
protection requirements container vents and install lightning rods.
S§2  |TOXICITY No new issues identified.
S2 SERVICES REQUIRED |No new issues identified.
2 MATERIALS OF No new issues identified.
CONSTRUCTION
A number of different packages and Lack of coordination could lead to Integrated coordination procedure for
S2  |COMMISSIONING equipment need to be commissioned by [delays, incidents and accidents. start up of various packages required. 3 AW
different parties
S2 BREAKDOWN No new issues identified.
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Problem Description Safeguards and Controls Action
ID Session |Guideword Cause Consequence Existing safeguard Action required Priority Responsible C::;n;::le;e Close-out Comments and References
g2 |STARTUP / No new issues identified.
SHUTDOWN
Potential pooling of water locally around|Water pooling in bund or on hardstand |Design is not finalised so no safeguards |Confirm expected flow rate quantity
the fuel cell bund if the drain from the |around the fuel cell. in place. from fuel cell and determine whether
52 EFFLUENT exhaust is not plumbed to the facility the waste water line for the fuel cell 1 ML
drainage line. needs to be connected to the facility
vent. If yes, then assess impact to
HAZOQOD
Pulsation from compressor leading to Loss of containment. No safeguards identified. Confirm with vendor what pulsation
failure of tubing. control/resonance frequencies of the
s2 NOISE / VIBRATION compressor are present and confirm 1 ML
whether a pulsation study/vibration
analysis is required on the BOP
ninowinrl
Fire at injection panel - unable to isolate |Fire continues to be fuelled by the Manual isolation valves at pipeline riser -|A design change request and risk
2 FIRE / EXPLOSION instrument gas supply at injection panel. [natural gas network. although may not be accessible in the  |assessment to address the inability to 1 TR
event of a fire. safely isolate the secondary mains is
required
Fire at new packages. Damage to equipment/injury to It is unknwon what fire safety Confirm what safety equipment is
s2  |SAFETY EQUIPMENT operations personnel. equipment will be supplied with the new|required for the new equipment 1 ML
pacakges or if the vendors believe they |packages (e.g., fire extinguishers).
will be reauired
2 QUALITY AND No new issues identified.
CONSISTENCY
OUTPUT - No new issues identified.
S2 RELIABILITY AND
BOTTLENECKS
S2 EFFICIENCY No new issues identified.
Control complexity as a result of adding |Electrical fault as multiple generators Automatic isolation from grid in the Microgrid control philosphy to be
fuel cell, microturbine (and potentially) [are not working together properly. event of unstable generation is included |drafted.
solar array. in the design and the safe state.
$2  |SIMPLICITY Decouple site from grid due to Microgrid controller to be incorporated. 1 CR
generation on site resulting in
shutdown.
Insufficient access for forklift to drive to |[Cylinders cannot be replaced due to Space for cylinder cage and subsequent |Review the footprint of the cylinder
MOBILE EQUIPMENT cylinder cage. insufficient access. access has been allowed for (but may be |cage and compressor pacakges once
s2 / PLANT MOVEMENT insufficient). they are included in the 3D model to 1 ML
confirm adequate space has been
allowed far farkliftc
PROCESS PLANT No new issues identified.
2 NORMAL /
ABNORMAL
MAINTENANCE
PROCESS PLANT No new issues identified.
S2 PROCESS
FUNCTIONALITY
S2 ERGONOMICS No new issues identified.
S2 GUARDING No new issues identified.
Inadequate warning signs shown on new [Hazards unknown to operators (e.g. high|No safeguards identified. Confirm what warning signs will be
package items. voltage residual electricty in DC fuel cell provided with new packages and which
S2  [WARNINGS bus after shutdown). signs are to be added (if not provided, 2 ML
but also in addition to provided signs).
S2 VULNERABILITY No new issues identified.
Additional packages will involve Damage to vehicles and plant. Some traffic bollards have been Review additional bollard protection/
3RD PARTY additional vehicles requiring access. provided throughout the facility. other traffic management protection
s2 INTERFERENCE Vehicles colliding with plant. requirements with the new pacakges. 1 ML

S2 NATURAL EVENTS

No new issues identified.
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HAZOP Minutes - Nodes
| Problem Description Safeguards and Controls Action
. . .. . . .. . Complete
ID Session |Guideword Cause Consequence Existing safeguard Action required Priority |Responsible Yes/No Close-out Comments and References
High amperage into the electrolyser Design sized for maximum hydrogen Current control and current meters
package. production. which trigger shut-down of the
11 S1 [HIGH FLOW / LEVEL electrolyser. Stack cannot physically
generate more than 200 Nm3/h.
Downstream rupture / leak occurs. Loss of containment of H2 and Back-pressure regulator on electrolyser |Add trip to PALL-06015 to shut down
production continues to atmosphere. stack prevents low discharge pressure. the electrolyser in the event of rupture o
Gas pressure decreases as the buffer (consider pressure rate-of-change trip). 1 Plpellne low-pressure and rate of change
store inventory depletes. trip have been added. Refer P2G-2099-
Confirm back-pressure regulator on DIHPIOHEOLE, (ot sy (FI-OPT
1-2 S1 HIGH FLOW / LEVEL SD (new).
electrolyser stack prevents low
discharge pressure. 1 Back-pressure regulator ??? Clarification
issued to ANT
Closed or partially closed manual valve | Loss of production. High pressure in the |[Electrolyser controls current in response
(such as HO3003 or other downstream  electrolyser and continuous hydrogen |to discharge pressure. High downstream
valves). venting from the vent stack. pressure would reduce electrolyser
settings to minimum turn-down, manual
1-3 s1 LOW FLOW / LEVEL vent will relieve pressure, and finally an
electrolyser PSV will relieve hydrogen to
protect the electrolyser.
See low flow
1-4 S1 NO FLOW / EMPTY
Downstream end of pipeline is not The downstream end of the pipeline will [Pipeline is dry and clean and hence
flowing in some operating conditions, |be a "dead leg". internal corrosion risk is not expected
1-5 S1 |NOFLOW/EMPTY  |such as if the valve line-up on the gas even in zero flow conditions.
panel means that the buffer storage is
hvnacsed
Backflow from secondary mains during | Natural gas contamination into the PALL-06015 to XSV-06001 will inhibit Jemena's preference is for anti-feedback
empty/low pressure conditions of the  hydrogen piping. Hydrogen purity is injection system from opening if the of NG into H2 is a primary method plus
buffer store. compromised, which will do damage to |pressure is less than 1,050 kPag (the two additional layers of protection.
any customers using fuel cells or other |[MAOP of the secondary mains). Primary Protection in this case would be
sensitive technology. Check valve on natural gas injection line. [from PALL-06015 which closes XSV-
06001. Check valve is a layer of PIT-02001 now also closes the flow valve,
1-6 S1 REVERSE FLOW protection. Consider second check valve 1 NK YES FV-06003. Refer P&ID P2G-2099-DW-PD-
(different type) or closing FV-06003 on 004.
PALL-06015 (although not independent
to closing XSV-06001) as a second layer
of protection. Specify soft seats check
valves with zero leak.
Rupture / leak or venting of the The buffer store is emptied via the Add a check valve adjacent H03003. Check valve added on electrolyser outlet,
1-7 S1 REVERSE FLOW electrolyser package, electrolyser package_ 1 SH YES refer drg. P2G-2099-DW-PD-005, (grid
reference D8).
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Problem Description Safeguards and Controls Action
Locked in gas warms up after being shut | The pressure increases, ultimately The pipeline will not reach more than Increase pipeline design pressure from o
in. exceeding the pressure design 3,500 kPag due to high pressure 3,800 kPag to full class 300, and The pipeline hydr.otest pressure was
conditions. electrolyser shut-down trips. The piping |hydrotest to that pressure. increased to maximum for cl_a\ss 300 (1.5x
is designed for 3,800 kPag and hence 5.1MPag). However, the design pressure
1-8 $1  [HIGH PRESSURE can handle any thermal pressure DRAFTING NOTE: Correct set-points on NK YES  |of the pipeline remains at 3,800 kPag.
increase during shut-in conditions. PIT-06015 Refer safety management study, PZG'
Pipeline is buried, and hence not subject 2099-RP-RM-001, and the construction
to short-term heating. specification, P2G-2099-SW-CN-001.
Consumption of gas in the buffer store | The buffer store pressure reduces below [PALL-03016 interlocked to XSV-03001
depletes the inventory, e.g. because the minimum pressure for the gas will prevent use of gas turbine if the
multiple users take the gas turbine, which is 540 kPag. This will inlet pressure to the turbine is below
simultaneously. initiate a trip for the gas turbine. 540 kPag.
1-9 S1 LOW PRESSURE
Electrolyser supplies high temperature  The pipeline downstream is designed to |Electrolyser high temperature alarm on |Determine maximum allowable
hydrogen at discharge due to incorrect |a maximum of 65°C; potential damage |each dryer, trip on discharge vessels. temperature for the piping. Set
operation of the dryer in its recharge to coatings of other soft components if |TTZ 1160 is a temperature switch set at |electrolyser's high temperature trip to
cycle. the temperature is exceeded. Also harm |80°C, the gas sent to the vent stack will |shut down the electrolyser if
to personnel if they contact piping at never exceed this temperature, not even temperatures exceed maximum
high temperatures. during regeneration, this is because heat allowable for downstream piping.
1-10 S1 HIGH TEMPERATURE exchanger X-1156is present. NK /AP Clarification issued to ANT
Length of buried pipeline will allow for
cooling to occur.
Low temperatures may occur after rapid No significant consequence. Pipeline minimum design temperature is
depressurisation of the system. The -10°C, and minimum ambient is -6°C.
111 s1 LOW TEMPERATURE | Minimum temp.era'.cure woglé occur Thermal mass of steel will prevent low
after depressurisation at minimum steel temperatures.
ambient temperature.
Failure / reduction of performance of Impure hydrogen is sent to the gas The electrolyser package has a gas
upstream deoxy / drier systems in the | panel, which will damage fuel cells that |analyser which will vent off-specification
electrolyser skid. use the gas. gas and control logic to reduce
1-12 S1 IMPURITIES impurities. Set points: 02 = 2ppm, Dew
point =-75°C.
Residual debris, water remains in Required hydrogen purity cannot be Prepare a commissioning procedure HOLD - Commissioning procedure not
1-13 s1 IMPURITIES pipeline after the hydrotest. achieved. Product off spec, potential involving cleaning, drying and purging to NK written, but high-level requirements have

damage to fuel cell users.

achieve required purity.

been included in the construction SOW.
Refer also O-7
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| Problem Description Safeguards and Controls Action
Residual debris, water remains in Required hydrogen purity cannot be Determine need for filtration to be rhisssue was consigered in the design
pipeline after the hydrotest. achieved. Product off spec, potential installed downstream near users. To be review. Refer minuted discussion from
damage to fuel cell users. used as a post commissioning check the 90% design review in P2G-2099-MM-
before selling product. PM-053(0), "Filtration for post-
commissioning was discussed. The
1-14 S1 IMPURITIES SH YES velocities aren’t high and no additional
filters are required during
commissioning. To remove particulates
during normal operation a filter is
included on each of the piping runs on
the nnc nanel "
CHANGE IN No issues identified
15 31 |composiTion ’
1-16 s1 CHANGE IN No issues identified
CONCENTRATION
Use of incompatible materials, that fail | Failure of materials. Pipeline designed to "no rupture" and  Confirm that hot tap and all soft
in hydrogen service. use of low design factor (guidance per | component fittings have hydrogen-
1-17 S1  |REACTIONS ASME B31.12). compatible materials. JEMENA JEMENA ACTION
Use of incompatible materials, that fail | Failure of materials. Pipeline designed to "no rupture" and  Sparing philosophy to ensure that
in hydrogen service. use of low design factor (guidance per  natural gas service components are not
1-18 S1 REACTIONS ASME B31.12). used in hydrogen system when AW JEMENA ACTION
incompatible.
Hydrogen leaks from fittings. Flammable mixture forms around fitting.|Personal gas detection, permit to work |Design to include use of hoods with gas
procedures. detectors in locations with multiple Hoods have been added to the design of
fittings and valves. E.g. gas panel, SH the gas panels, which include hydrogen
injection panel, pipeline end detectors. Refer P&IDs: P2G-2099-DW-PD
connections. 004 and P2G-2099-DW-PD-006. Hoods
are not used at the pipeline risers, which
1-19 S1  |TESTING Add short-term isolation function, which are away from the rest of the facility,
shuts in system for 15 minutes and adjacent a vent and generate a hazardous
monitors pressure change during shut-in area with bollards.
to detect leak. Include as routine test in SD
operating procedures. Cam / Jason to close out
Regular functioning testing of the gas Reverse flow into hydrogen system. PRS testing procedure to be updated to
Pressure Reducing Station PRS results in include manual isolation and lock-out of AW JEMENA ACTION
pressure pulses in the gas line. the hydrogen injection line during
1-20 S1  |TESTING testing of PRS. Manual isolation valves provided above-
NK ground at secondary main offtakes. Refer

Provide manual lockout valve to isolate
ol .

P2G-2099-DW-PD-004.
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| Problem Description Safeguards and Controls Action
Pipeline blowdown for maintenance Ignition of released hydrogen due to Design venting procedure. E.g. limit
expansion/velocity. velocity, nitrogen dilution at vent, flow Radiation distance was calculated and an
control valve, or calculate radiation RO sized to limit the maximum vent rate
distance and provide exclusion zone. to avoid danger to the operator
Include requirements in the shutdown (calculation P2G-2099-CA-PI-003). At 90%
procedure. design review (P2G-2099-MM-PM-053), it
was also decided to include an actuated
Also consider noise attenuation as part control valve to allow remote operation
of blow down system design and and control of the flow-rate.
consider cross bonding and earthing
across all components. Noise attenuation was considered in
121 s1 OPERABILITY / <H VES noise study and at design reviews and
MAINTAINABILITY Ensure pipework is clearly labelled i.e. was rejected. This is a non-routine
H2, CH4, 02 & H20. activity and the flow-rate has been
limited by inclusion of an RO. Note
operators will have control to reduce
vent rate also if noise becomes excessive.
Vents have been earthed locally, refer
earthing drawing P2G-2099-DW-EL-051.
Clear labelling of all lines is required in
the construction SOW, P2G-2099-SW-CN-
001.
Air ingress after maintenance. Including |Flammable mixture forms in pipe and Strict use of nitrogen purging after
from incorrectly connected instrument |ignites. maintenance to be enforced in
OPERABILITY / air tubing. Localised release of hydrogen hydrogen service, and included in all
1-22 s1 MAINTAINABILITY start-up/re-commissioning operating AW JEMENA ACTION
procedures.
Air ingress after maintenance. Including |Flammable mixture forms in pipe and Develop competency based training
from instrument air. ignites. module for the new facility.
OPERABILITY / Make competency based training a
1-23 s1 MAINTAINABILITY requirement for hydrogen service AW JEMENA ACTION
operators . Create register for
management of accredited personnel.
Potential for a high leak rate at Loss of containment of product. Review potential alternatives for Connection types were reviewed. It was
connections, especially large-bore Wastage of inventory. mechanical connections on large concluded that pigability was more
flanged connections. diameter joins, which may have high important. Mechanical connections have
124 $1 OPERABILITY / leak-rate. NK YES been minimised by using welding but
MAINTAINABILITY DN500 pipeline flanges have been
retained. Refer also safety management
study documentation of this issue: P2G-
2099-RP-RM-001.
Cathodic protection current on buried | Current discharges through the above- |None identified. Consider cross-bonding to existing
pipeline. ground piping making CP ineffective. buried assets. Cross-bonding was considered and
rejected (JAM-RESTECHQ-000014). The
1-25 S1 ELECTRICAL DRAFTING NOTE: mark up connections NK YES piping will be provided with cathodic
from pipeline to tubing as isolation protection using a sacrificial anode CP
joints with surge diverters. system.
Electrolyser has 200V DC stack. Design | Discharge through the piping could Earthing system design of electrolyser  Review putting isolation joints at Per 18667-L1S-003_X Clarification No. 66:
for potentials and touch potentials is damage soft components or shock package. electrolyser connections to isolate Electrical discharge through piping does
1-26 s1 ELECTRICAL mitigated by earthing on the electrolyser personnel/operators and may cause electrically. NK YES not require consideration, no insulation
package. corrosion over time. gasket is required at the hydrogen nozzle.
All piping is to be earthed.
1-27 S1 INSTRUMENTS No issues identified
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| Problem Description Safeguards and Controls Action
Downstream rupture. Continuous flow from the water main. |Site water can be isolated at the custody
21 s1 HIGH FLOW / LEVEL Water accumulates at the leak site, e.g. |transfer from Sydney water.
the utility area in the electrolyser
container
Filter blockage. Filter monitoring and change-out
-2 s1 LOW FLOW / LEVEL requirements to be specified in water
treatment package.
Closed valve upstream of electrolyser. | Electrolyser shuts down on low water. [Package trips; about 20 minutes at
23 s1 NO FLOW / EMPTY maximum production between
detection and electrolyser shut-down.
2-4 S1 REVERSE FLOW No issues identified
High supply pressure from water mains. Design pressure for water inlet is High pressure trip on electrolyser inlet | Confirm what water network pressure
exceeded. line. is, and determine the maximum inlet
2-5 S1 HIGH PRESSURE pressure to the e|ectro|yser. Design AW Daniel to close out
pressure regulator if required.
2-6 S1 LOW PRESSURE No issues identified
2-7 S1 HIGH TEMPERATURE | No issues identified
Low ambient temperatures. Below freezing. Potential blockage of No history of this occurring in this
2-8 S1  (LOW TEMPERATURE pipe while not running overnight. location. Unlikely and short-term.
2-9 S1 IMPURITIES No issues identified
CHANGE IN No issues identified
2-10 S1
COMPOSITION
211 s1 CHANGE IN No issues identified
CONCENTRATION
2-12 S1 REACTIONS No issues identified
2-13 S1 TESTING No issues identified
2-14 s1 OPERABILITY / Material of supply line. Change to Polyethylene pipe. NK YES Polyethylene has been specified, refer
MAINTAINABILITY drawing P2G-2099-DW-PD-001.
2-15 S1 ELECTRICAL No issues identified
2-16 S1 INSTRUMENTS No issues identified
RO plant malfunction or reduced Tanks are full, initiating overflow and LSHH 01004/5 on sump trigger shut- DRAFTING NOTE: Pump on/off wrong
function (e.g. off-specification water is | leading to shut-down of electrolyser and |down of electrolyser. LSHH01002/3 on  way around.
rejected by water purity or safety loss of production. storage tank shut-down pump.
function and dumps load of water into High level on storage tank to shut down
reject water system. (Design flow rate is pump, rather than electrolyser.
less than 500 L/d) NULL - thi de has ch dsince th
31 S1  |HIGH FLOW / LEVEL Conduct review to minimise wastewater SH N/A HAZO_P IS node has changed since the
OR - Long duration between load-out of production. Design pre-filtration system '
storage tank and hence it accumulates to reduce waste water production rate
inventory until full. from RO system from 30% to target 1%
Determine sizing of tanks.
3-2 S1 LOW FLOW / LEVEL
3-3 S1 NO FLOW / EMPTY
Open DN20 ball valve. Siphon out tank volume through outlets. Preven.t SIPhOI’] thr(?ugh inlet by NULL - this node has changed since the
3-4 S1  |REVERSE FLOW removing internal fill tube. SH N/A
HAZOP.
Blocked discharge on pump due to Determine over-pressure requirements ) )
3-5 S1 HIGH PRESSURE closed valves. on pump to suit pump type; fully-rate SH N/A NULL - this node has changed since the
piping if possible. HAZOP.
Low sump level. Vapour at pump suction / cavitation. Determine NPSH potential. Size sump so
i ici i NULL - this node has ch d since th
3.6 s1 LOW PRESSURE that th.ere |.s suff|.C|ent time for pump to SH N/A Is node has changed since the
self-prime if required. HAZOP.
3-7 S1 HIGH TEMPERATURE
3-8 S1 LOW TEMPERATURE
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| Problem Description Safeguards and Controls Action
Debris accumulates in sump or storage | Blockage accumulates over time, most |Sump and tank have cover (but are still
3-9 S1  |IMPURITIES tank, such as leaves, dirt or snakes. likely of sump pump suction line. atmospheric).
CHANGE IN
3-10 1 |composimion
311 s1 CHANGE IN
CONCENTRATION
Enriched oxygen or hydrogen Fire/explosion potential. Confirm that gas break-through is not
environment forms in drain due to gas feasible from oxygen or hydrogen
break-through. streams in electrolyser. Per 18667-LIS-003_X Clarification No. 67:
Breakthrough is not possible since tanks
3-12 S1  [REACTIONS Action for Hydrogenics to identify all AP YES  [that are open to atmosphere provide a
feeds to drains. If gas breakthrough can separation between the water line and
occur in 02 or H2 scrubbers connected the process equipment.
to drains, a SIL study will be required on
the Low level instrumented functions.
Requirement to test the level indicators |Access to tank internals may be Confirm access requirements to get into
and switches. required. sump and tank for clean-out, and access ) )
3-13 s1  |TESTING to instruments for testing/calibration. NK N/A NULL - this node has changed since the
HAZOP.
314 « OPERABILITY / Connection of suck truck to load-out. Truck will bring their own hose. RemO\_/e unnecessary hose from storage o A NULL - this node has changed since the
MAINTAINABILITY tank discharge. HAZOP.
3-15 S1 ELECTRICAL No issues identified
3-16 S1 INSTRUMENTS No issues identified
All 02 and all H2 in vents are directed H2 can ignite in the vent when doing Include ignition noise in noise study. Noise study completed by Marshall Day
into just two vents. These are 5m apart, deliberate venting (larger volume Acoustics includes assessment of
and also separated in height by ~1m. vented), which does not have significant maximum noise level events (venting of
consequences apart from making noise-- hydrogen, oxygen, an_d pipelin_e
a1 s1  |HIGH FLOW / LEVEL receptors are only sensitive to noise at BOS YES blowdown_). The pn—edlcted noise level for
night, generally. A noise study is being these maximum noise level events and
completed. the frequency of occurrence are such that
no further mitigation action is required.
See EIS Appendix | [P2G-2099-RP-EV-
0011
Proximity of trees to 02 vent. Potential for fire. Consequence modelling for oxygen Trees are well outside the oxygen vent
4-2 s1  |LOW FLOW / LEVEL vents to be conducted. Results to SH VES hazard(.)us zone. The trees are on the
include offset requirements to nearby other side of the control hut. Refer layout
foliage P2G-2099-DW-PI-003.
4-3 S1 NO FLOW / EMPTY No issues identified
4-4 S1 REVERSE FLOW No issues identified
4-5 S1 HIGH PRESSURE No issues identified
4-6 S1 LOW PRESSURE No issues identified
4-7 S1 HIGH TEMPERATURE | No issues identified
4-8 S1 LOW TEMPERATURE  No issues identified
4-9 S1 IMPURITIES No issues identified
CHANGE IN No issues identified
4-10 1 |composiTion ’
411 s1 CHANGE IN No issues identified
CONCENTRATION
4-12 S1 REACTIONS No issues identified
4-13 S1 TESTING No issues identified
4-14 s1 OPERABILITY / No issues identified
MAINTAINABILITY
4-15 S1 ELECTRICAL No issues identified
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No issues identified
4-16 S1 INSTRUMENTS
Incorrect reading of natural gas flow at | Higher hydrogen flows, resulting in high |Specified maximum blend percentage is Conduct a LOPA/SIL study to determine
the pressure reduction station metering |concentrations of hydrogen in the very low so that no expected impact on |integrity requirements for flow metering
upstream. pipeline stream (higher than the upper [appliances. to prevent over injection of H2 into the Refer SIL study report, P2G-2099-RP-RM-
limit agreed with the technical Hydrogen disperses very well in natural gas mains. SH 001.
regulator). gas.
5-1 s1 HIGH FLOW / LEVEL Remove both existing natural gas flow
meters and calibrate to within 1% on
Jemena meter calibration rig. Puton a MR JEMENA ACTION
PM program.
During PRS testing there is no gas flow. | Slug of hydrogen could accumulate in Limited hydrogen inventory can be Add low natural gas flow shut-off of
If there is no gas customer demand and the secondary gas main. Potential for injected in the line due to physical hydrogen injection, so that there is a
a gas flow instrument error, hydrogen |consumer burner flame-out. constraints of design. minimum NG flow required to be ) )
could continue to be injected. injecting. Refer low-flow |nter|9ck on drawing P2G-
Hydrogen disperses well in natural gas. 2099-DW-PD-004 (grid reference A12).
5-2 51 HIGH FLOW / LEVEL Prepare a LOPA for the potential SH YES
Gas demand is usually high. consumer flame-out scenario, Refer SIL study report, P2G-2099-RP-RM-
determine if any SIL rated 001.
instrumentation is required to prevent
too much hydrogen injection.
5-3 S1 LOW FLOW / LEVEL | No consequences identified.
5-4 S1 NO FLOW / EMPTY
Already covered - ref. node 1 Close FV-06003 on PALL-06015. Refer P&ID drawing P2G-0299-DW-PD-
004; PAL-02001 now closes FV-06003
Increase low pressure set-point to 1,050 (tags renumbered).
+10%.
5-5 S1  |REVERSE FLOW SD YES  |Refer P&ID P2g-2099-DW-PD-008,

Add interlock so that XSV is opened
before the FV.

showing PAL set point of 1,150 kPag.

Refer Note 3 on P&ID P2G-2099-DW-PD-
004. Other evidence? - Cam to close out
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[ Problem Description Safeguards and Controls [ Action
Hydrogen pressure is up to 3,000 kPag |Hydrogen supply can overpressure the |PAHH-06005 closes FV-06002, and PAHH- Review overpressure control equipment,
operating pressure (and 3,800 kPag natural gas line. 06006 closes XSV-06001. with consideration to integrity level Jemena standard requirements per GAS-
design). achieved and Jemena's existing 999-DG-FA-001 (Section 2.1.6) requires
requirements for JGN. two independent levels of over-pressure
protection. PIT-06005 is part of a flow-
control loop (so does not strictly count as
over-pressure protection), and PIT-06006
and XSV-06001 together constitute an
5-6 S1 HIGH PRESSURE SH YES independent layer of protection. There is
realistically no chance of overpressure
because there is limited inventory
upstream which is insignificant to the
volume of the downstream system. The
overpressure case was considered by the
LOPA report within the SIL assessment
(refer P2G-2099-RP-RM-001).
Slow leak across FV. Over-pressure downstream tubing. Move pressure spec. break to Refer P2G-2099-DW-PD-004; the spec.
5-7 S1  [HIGH PRESSURE downstream manual valve. SH YES  |break is off the panel where there is a
change of material.
Low inventory Low injection flow rate Sizing basis for FV at low-inventory
5-8 S1  [LOW PRESSURE pressures.
5-9 S1 HIGH TEMPERATURE
5-10 S1 LOW TEMPERATURE
5-11 S1 IMPURITIES
CHANGE IN
>12 1 |composiTion
5-13 s1 CHANGE IN
CONCENTRATION
5-14 S1 REACTIONS
5-15 S1 TESTING
preparation for maintenance Add vent downstream of panel for Refer P&ID drawing P2G-0299-DW-PD-
616 s |OPERABILITY/ double-block-and-bleed. o ygs |04 showing double-block and bleed
MAINTAINABILITY isolations, in addition to the hot-tap
operation isolation, which is buried.
Corrosion Add isolation joint to secondary main tie Refer P&ID drawing P2G-0299-DW-PD-
5-17 S1 ELECTRICAL in NK YES 004, showing flange isolation kits on each
secondary main tie-in.
Use of instrument gas. Complaints from neighbours due to Low flowrate from instruments unlikely
5-18 S1 INSTRUMENTS odorant from continuous venting of to reach neighbouring dwelling.
control valves.
6-1 s1 HIGH FLOW / LEVEL Line rupture / leak. _ Loss of containment. Generator out of |Quality and integrity management. DRAFTING NOTE: Change PCVs to fail SH YES Refer drawing P2G-0299-DW-PD-004.
(Note Nodes 6 and 8 combined) operation. open.
Pressure drop through second regulator Low flow conditions due to excessive Regulators to be designed for active- DRAFTING NOTE: Active and Monitor
may reduce discharge pressure below | pressure reduction across regulator monitor arrangement to achieve 700 labelled wrong way around.
6-2 S1 [LOW FLOW /LEVEL |700 kPag. (Sensor line currently arrangement. kPag min downstream. SH YES  |Refer drawing P2G-0299-DW-PD-004.
between the two regulators)
Expected future operation to take line |Dead legs. Use of SS and PE.
6-3 S1 [NOFLOW/EMPTY  out of service but leave gassed up.
Future tie-in of hydrogen. Potential for hydrogen/NG mixing in The generator will be fuelled by
line. hydrogen or natural gas not blends.
P&ID note added: Positive isolation will
6-4 s1 REVERSE FLOW be provided in future case. The drawings

will be updated with an MOC to show
positive isolation of the gas line once
hydrogen fuel is available.
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| Problem Description Safeguards and Controls Action
Regulator failure. Overpressure of the inlet to the Active-monitor arrangement; regulators |Check with manufacturer to test and re-
generator. fail closed. rate/certify to 1050kPa
Maximum pressure from upstream is
6-5 S1  |HIGH PRESSURE 1,050 kPag (10% above transient is SH Dan / Sam to discuss
possible), and generator is actually rated
for 1,000 kPag. The likelihood of
exceeding full rating is low.
6-6 s1 LOW PRESSURE Reduced operating pressure in the Generator inlet pressure too low. Generator will trip at low supply
secondary main. pressure.
6-7 S1 HIGH TEMPERATURE | No issues identified
6-8 S1 LOW TEMPERATURE | No issues identified
6-9 S1 IMPURITIES Nitrogen purging. Nitrogen flow back into NG network. Check valve at offtake.
6-10 s1 CHANGE IN No issues identified
COMPOSITION
6-11 s1 CHANGE IN No issues identified
CONCENTRATION
No issues identified
6-12 S1 REACTIONS
No issues identified Critical function testing of ESD valves
will be required. Create PMs
6-13 S1 TESTING AW JEMENA ACTION
No issues identified DRAFTING NOTE: Add bleed to Refer P&ID drawing P2G-0299-DW-PD-
6-14 s1 OPERABILITY / ZTS:E‘:?Z_;‘:;Z oj:slijeptsirl;c;rrr::fouble- SH VES 004, showing double-block and bleed
MAINTAINABILITY . ! isolations, in addition to the hot-tap
turbine. L . S .
operation isolation, which is buried.
6-15 S1 ELECTRICAL No issues identified
Flow metering does not require Opportunity to simplify. Temp data is available from the outlet of|Remove temperature element. Not applicable after implementation of
6-16 S1  [INSTRUMENTS temperature correction. PRS if correction is required. SH YES  |design change, refer design change
request DCR-001.
Leak from downstream valve left open | Uncontrolled release of hydrogen Panel gas monitor QAH-03013 warning |Jemena to ensure that operator training
or fitting not tightened properly leading to potential explosion. of hydrogen detection. includes raising awareness of the risks
following maintenance. associated with leaving valves open, or
not closing them properly, on hydrogen
systems.
2 HIGH FLOW / LEVEL Jemena also to ensure that Jemena AW
procedures for leak testing of flanges be
reviewed to ensure they are appropriate
for hydrogen service, given the small
molecule, and risk of leaks.
Failure of PCV. Damage to filter due to excessive Double PCV-03004/03012 Confirm failure action of PCVs, i.e., both
flow/pressure drop. (active/monitor). open, both closed, or one open and one
Potential overpressure on some piping |PIT-03006 closes XSV-03002 on high closed. (Review decision following
components. high pressure, set at 1,000 kPag. potential changes due to close out of
S2 HIGH FLOW / LEVEL Line and equipment designed for flow to |action 8-4.) If agreement is that both fail GPA

two consumers: microturbine and fuel
cell (i.e., designed for flow that is higher
than just flow to fuel cell).

open, confirm filter pressure drop will
not lead to damage, and downstream
piping components can handle resultant
pressure.

S2 LOW FLOW / LEVEL

Refer to previous note in Session 1 (Item
6-2).
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Blocked filter F-03011 on gas panel. Permanent damage to fuel cell, Fuel cell has low pressure protection but Confirm PCV active/monitor order. Also
Blocked filter in fuel cell package. potentially leading to fire (worse case) |no low flow protection. consider one stage, two stage pressure
Blocked orifice in FE-0007. and hydrogen release. Unlikely that filters will block after cut and sensing lines. (Jemena used to
PCV not operating properly. commissioning and the team does not  seeing monitor upstream of active.) GPA
Low instrument air pressure causing want to add online DP monitoring.
52 LOW FLOW / LEVEL partial closure of XSV, restricting flow. Low instrument air pressure was not Confirm lower flow rate limit of
considered a major cause of restriction, 'hydrogen to fuel cell.
as XSV will shut, albeit slowly. DG
Refer to previous note in Session 1 (Item Refer to previous note in Session 1 (Item |For maintenance purposes panel will be 'When developing operating procedures,
6-3). 6-3). taken out of service and lines appropriate procedures for purging and
S2  [NOFLOW/EMPTY depressurised. re-commissioning to be included in AW
operating procedures.
In the event of stack failure in the fuel | Flame out at turbine. Requires multiple independent failures: |No action required.
cell it is theoretically possible to have - Stack membrane failure
flow of air back to the turbine. - Fuel cell low hydrogen pressure
52 REVERSE FLOW - No flow of hydrogen from upstream.
Not deemed credible by the team.
Air would be under low pressure.
Refer to previous note in Session 1 (Item Refer to previous note in Session 1 (Item |Note addition of PIT-03006 with high Due to addition of high pressure trip, no
S2  |HIGH PRESSURE 6-5). 6-5). pressure shutdown of XSV. further action required.
PCV mav not fail close
S2 LOW PRESSURE No new issues raised.
S2 HIGH TEMPERATURE | No new issues raised.
S2 LOW TEMPERATURE | No new issues raised.
Iron oxide dust from buffer store. Contamination of stack within fuel cell. |F-03011 with 5 micron mesh. Confirm maximum allowable load of
2 IMPURITIES Additional filter within fuel cell package. |impurities and requirement of filter (size DG
and type).
Nitrogen left in the system following Reduction in purity of hydrogen to fuel |Operating procedures. Operating procedures to address
purging operations, or bleeding in cell. activities and risks during start-up,
through passing valve/fitting. shutdown, nitrogen purging, isolation,
2 IMPURITIES .and ve.ntir.1g. Pr(?cedures also.tc.> cons.ider AW
including integrity check of piping using
local hydrogen detection (hand held
devices would be required).
2 CHANGE IN No new issues raised.
COMPOSITION
2 CHANGE IN No new issues raised.
CONCENTRATION
S2 REACTIONS No new issues raised.
No new issues raised. NOTE: Microturbine is a Type B
appliance with predetermined
S2  |TESTING associated testing and procedures.
Optimal will apply for Type B
certification of fuel cell.
Lack of signed electrical isolation points | Electrocution and personnel None identified. Add appropriate weatherproof signage
for safe isolation. injury/death. at the required locations to warn of risk
OPERABILITY / . . .
S2 of electrocution and to identify AW

MAINTAINABILITY

appropriate isolation locations.

S2 ELECTRICAL

Electrical package information not
available to GPA/Jemena.

Uncertainty in the design with potential
for something to be missed.

Internal HAZOPs will be held by Optimal
with invites to GPA and Jemena
representatives

No further action required.
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No remote pressure indication between |If the PCV arrangement and operation is [None identified. When reviewing the arrangement of the
PCV-03004 and 03012. changed, intermediate pressure PCVs (see action 8-4), review
monitoring may be required, else the overpressure protection is adequate and
S2 INSTRUMENTS . . . . . GPA
protection system may not function instruments added/changed, if required.
properly, leading to overpressure events
missed.
PSV-06012 remains open. Continuous venting. This PSV is Operator rounds Maximise difference between PCV and
instrumentation type; due to continuous PSV set-points to minimise potential for
acting, they can release frequently. unintended PSV opening. Vendor has advised (see response to
Neighbourhood complaints due to 18667-S6916) PCV set pressure of 580
i - i kPag and PSV set pressure of 700 kPag —
9.1 s1 HIGH FLOW / LEVEL odorant. Identify re-seating pressure for l.:’SV from SH g _p g
manufacturer, search for PSV with lower PSV set pressure is 20% greater than PCV
re-seat pressure set pressure which is considered
acceptable.
Blocked filter. Low flow resulting in actuated valves Routine maintenance. Bypass around
92 s1 LOW FLOW / LEVEL closing. filter to continue IG services during
change-out.
Closure of upstream manual isolation Instrument gas cut off, and hence fail No consequence of loss of injection.
valves (e.g. future case of not using the closed of injection valves.
9-3 51 NO FLOW / EMPTY natural gas supply any more)
9-4 S1 REVERSE FLOW No issues identified
PCV-06014 stops closing properly due to Potential overpressure downstream. PSV-06012 protects from over-pressure. | DRAFTING NOTE: Mark fail state of PCV Actuator design pressure is 790 kPag for
particulates accumulating in the seals. Gas is sales gas. Filter installed . XSV-06001/XSV-06011 therefore PSV is
9-5 S1 HIGH PRESSURE upstream. Confirm need for PSV, as IG components SH YES required for overpressure protection. PSV
may be fully rated. set pressure of 700 kPag as per vendor
advice (ref. email 18667-R5610).
9-6 s1 HIGH PRESSURE Tran5|e.nt high pressure due to PSV-06012 protect from over-pressure.
operational checks upstream.
9.7 s1 LOW PRESSURE Low supply pressure of network. Lose |G supply, and valves fail closed. No consequence of loss of injection.
9-8 S1 HIGH TEMPERATURE | No issues identified
9-9 S1 LOW TEMPERATURE | No issues identified
9-10 S1 IMPURITIES No issues identified
9-11 s1 CHANGE IN No issues identified
COMPOSITION
9-12 s1 CHANGE IN No issues identified
CONCENTRATION
9-13 S1 REACTIONS No issues identified
No issues identified
9-14 S1 TESTING
- Change bypass and isolation needle
OPERABILITY / .
9-15 S1 MAINTAINABILITY valves for ball valve. SH YES Refer drawmg P2G-0299-DW-PD-004.
No issues identified
9-16 S1 ELECTRICAL
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Upstream connection has ball and Simplify. Change to just a ball valve. Change vents
needle. to ball valve w. ventable plug for all
natural gas service lines.
9-17 S1 INSTRUMENTS SH YES Refer drawing P2G-0299-DW-PD-004.
(note: micro turbine has not been run in DRAFTING NOTE: Change PCVs to fail
the field off H2 before; control open.
philosophy maybe to control to
downstream exhaust temperature) The control system of the micro-turbine
may react differently when the fuel is
changed from Natural Gas over to
Hydrogen (different burn and product
7-1 S1  [HIGH FLOW / LEVEL characteristics) therefore the vendor SH YES  |Refer drg. P2G-2099-DW-PD-006.
needs to confirm that a high flow
scenario cannot occur, where the fuel
control valve demands more fuel than
the turbine requires .
Blocked filter. Low flow, restricted supply to generator |Unlikely due to cleanliness requirements | DRAFTING NOTE: Change name of active
and reduced output. of service. and monitor.
7-2 S1 |LOW FLOW / LEVEL SH YES  |Refer drg. P2G-2099-DW-PD-006.
7-3 S1 NO FLOW / EMPTY No issues identified
Purge nitrogen migrates back to storage | Off-specification H2. Start-up procedures to ensure purging
7-4 s1 REVERSE FLOW pipeline. pressure is below the hydrogen storage AW JEMENA ACTION
pressure.
- DRAFTING NOTE: Remove check valve. Action no longer relevant after design
7-5 S1 REVERSE FLOW SH YES change, documented in design change
request DCR-001.
Blocked discharge OR PCVs fail open. Overpressure of the inlet to the Active monitor pressure regulation DRAFTING NOTE: Electrical signal should
generator. arrangement (PCV 03017, 03019) and  |come off PAHH, not PI block. Electrical signal take off updated.
PAHH-03006 controlling XSV-03001.
Move design pressure change to Design pressure change moved to
7-6 s1 HIGH PRESSURE downstream manual valve. SH YES downstream manual valve.
LOPA assessment required for pressure LOPA assessment completed (SIF 3 in P2G
protection function. 2099-RP-RM-001), SIL not required.
7-7 S1 LOW PRESSURE No issues identified
7-8 S1 HIGH TEMPERATURE | No issues identified
7-9 S1 LOW TEMPERATURE | No issues identified
7-10 S1 IMPURITIES No issues identified
711 s1 CHANGE IN No issues identified
COMPOSITION
7-12 s1 CHANGE IN No issues identified
CONCENTRATION
7-13 S1 REACTIONS No issues identified
7-14 S1 [TESTING No issues identified
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No issues identified Provide connections and layout for Generator supply line is isolatable. Tubing
OPERABILITY / future expansion adding second run to future gem.arator can be .
7-15 S1 MAINTAINABILITY generator. NK YES implemented easily, no specific offtake is
provided. Refer drg. P2G-2099-DW-PD-
003.
7-16 S1 ELECTRICAL No issues identified
No issues identified DRAFTING NOTE: Remove thermowell
7-17 S1  [INSTRUMENTS reference, retain 'TE'. SH YES  |Refer P2G-2099-DW-PD-006.
10-1 s1 HIGH FLOW / LEVEL Supplied from electrolyser package. IA /
IG. No longer required.
10-2 S1 LOW FLOW / LEVEL
10-3 S1 NO FLOW / EMPTY
10-4 S1 REVERSE FLOW
10-5 S1 HIGH PRESSURE
10-6 S1 LOW PRESSURE
10-7 S1 HIGH TEMPERATURE
10-8 S1 LOW TEMPERATURE
10-9 S1 IMPURITIES
CHANGE IN
1010 1 St composiTion
10-11 s1 CHANGE IN
CONCENTRATION
10-12 S1 REACTIONS
10-13 S1 TESTING
10-14 s1 OPERABILITY /
MAINTAINABILITY
10-15 S1 ELECTRICAL
10-16 S1 INSTRUMENTS
Regulator failure. Increased pressure in system. PSV at accumulator set at 1000 kPag No further action required.
(within electrolyser package) - see
10-17 S2 HIGH FLOW / LEVEL action 10.21, however.
PSV-03015 at gas panel package set at
700 kPag.
Regulator failure. All valves will close on loss of instrument|Fail closed position of all valves Add a low pressure alarm on instrument
air pressure (fail closed valves). considered the plant fail safe mode. air system (either a new instrument, or
No failures of equipment expected reusing an existing instrument within
purely due to closed valves; however, ANT package) and discuss with Jemena
could lead to uncontrolled shutdown of the required response to this alarm.
10-18 s2 LOW FLOW / LEVEL the facility with unexpected and During assessment, review the GPA
unpredictable consequences. interaction with the injection system, DK
which has a separate instrument gas
supply and may, therefore, remain on
line while the rest of the facility shuts
down.
10-19 S2 NO FLOW / EMPTY As above for low flow.
Instrument air only supplies instruments
and not the process. No downstream
Ly s2 REVERSE FLOW source of pressure and therefore no
reverse flow possible.
Failure of air compressor discharge If PSV on accumulator not sized for None identified (although it is expected |ANT to confirm overpressure protection
overpressure protection. compressor discharge flow, high that the compressor will have a provided (e.g., PSV on compressor
10-21 S2  [HIGH PRESSURE pressure can damage instruments discharge PSV, but set pressure is discharge), as well as buffer tank PSV ANT
downstream, particularly valve unknown). sizing basis. DK
actiators
10-22 S2 LOW PRESSURE As above for low flow.
Air compressor has after cooler and High air temperature could damage None identified. Confirm maximum temperature of air
dryer. Failure of these. some instruments from instrument air package within
10-23 S2  |HIGH TEMPERATURE electrolyser and confirm over ANT
temperature protection provided. DK
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| Problem Description Safeguards and Controls Action
10-24 S2 LOW TEMPERATURE | No issues identified.
Dryer failure. Wet instrument air, potential failure of [F-0200 in electrolyser package. Confirm what protection exists against
10-25 S2  [IMPURITIES actuators. moisture transfer to downstream ANT
system DK
10-26 2 CHANGE IN No issues identified.
COMPOSITION
CHANGE IN No issues identified.
10271 52| CONCENTRATION
10-28 S2 REACTIONS No issues identified.
10-29 S2 |TESTING No issues identified.
10-30 2 OPERABILITY / No issues identified.
MAINTAINABILITY
Loss of electrical supply. IA buffer tank no longer topped up as Does not affect instrument signals which No action required.
compressor will stop. are on UPS.
10-31 S2  (ELECTRICAL Plant philosophy is to fail safe, which is
the plant status if all valves close on loss
of air sunnly
Mechanical regulating valve on buffer  |Starve system of instrument air. None identified. Confirm set pressure of air regulator
tank outlet set up incorrectly (appears (within electrolyser package) and
10-32 S2 INSTRUMENTS to be controlling upstream pressure - function (upstream or downstream ANT
expect it should be downstream pressure regulation). DK
pressure).
Regulator failure. Pressure build-up at turbine as it will Trip on high pressure. Confirm rating of all piping/equipment
only consume as much gas as is required |Double solenoid isolation at turbine. components downstream of CNG supply
for power output. appropriate for system maximum
S2  [HIGH FLOW / LEVEL pressure. If not, ensure over pressure AW
protection provided.
Hose rupture/breakaway. Loss of containment. None identified. Confirm details of pressure regulation,
Potential for fire and equipment overpressure protection and isolation on
damage, personnel injury. the truck.
Flameout of turbine itself not a serious These need to be upstream of the hose.
consequence. Confirm details relative to standard
52 LOW FLOW / LEVEL Jemena hook up arrangement. AW
Review need for additional overpressure
protection and also breakaway
protection.
s2 LOW FLOW / LEVEL Regulator failure. Flameout of turbine, no serious No action required.
conseguence.
Gas supply depleted (empty cylinders). | Turbine will shut down on low pressure, No action required.
S2  |NO FLOW /EMPTY no adverse consequences expected.
Future connection of hydrogen will not | Potential for flow of hydrogen into No action required.
be simultaneous with CNG connection, | natural gas and onto turbine or natural
s2 REVERSE FLOW so no reverse flow possible from gas into hydrogen and onto fuel cell - Confirm vent sizing..
hydrogen supply. potential damage of fuel cell
Regulator failure. Loss of containment with potential for [None identified. Update P&ID with details of pressure
fire. regulation, pressure indication, and GPA
overpressure protection. AB
S2  |HIGH PRESSURE
CcD

Update micro turbine P&ID to show
details including regulation,
overpressure protection, etc.



MJL
Typewriter
DK

MJL
Typewriter
DK

MJL
Typewriter
AB


HAZOP Minutes - Nodes
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Incorrect procedure/installation of gas  Loss of containment with potential for |None identified. Appropriate signage on line to indicate
cylinder pack connection to piping. fire. required pressure and service.
52 HIGH PRESSURE Consider special fitting for connection to AW
ensure correct truck connection.
2 LOW PRESSURE Regulator failure. Flame out at turbine. No action required.
Refer to low flow (Item 12-3).
S2 HIGH TEMPERATURE | No issues identified.
Expansion of gas across regulator. Minimum temperature requirement of 0 [None identified. Confirm minimum temperature of all
°C for micro turbine. Liquid in line, components downstream of CNG
damage to turbine, loss of performance. supply. GPA
Consider addition of liquid knock-out. AB
Check length of piping required for
S2  |LOW TEMPERATURE temperature recovery.
Add temperature indication upstream of
connection to turbine.
Consider appropriate measures to CcD
ensure damage to the turbine is
avoided.
Natural gas comes from known sources | Turbine can accept maximum 17% No action required at this stage. Future
and will be free of impurities and of hydrogen. Incorrect operation/ damage activity and scope.
52 IMPURITIES known composition. of the turbine if hydrogen concentration
Future plan to mix natural gas and too high.
hydrogen; current details unknown.
2 CHANGE IN See above (Item 12-11).
COMPOSITION
Accidental connection of nitrogen to Nitrogen to turbine causes flameout, Colour coded labels for gas supply No further action required.
CNG supply or vice versa. which is not unsafe. already specified.
52 CHANGE IN CNG to electrolyser package can result |Fittings for the different gas cylinders
COMPOSITION in package damage. are not interchangeable so gas cannot
be connected to the wrong supply.
2 CHANGE IN No issues identified.
CONCENTRATION
S2 REACTIONS No issues identified.
No earthing connection for truck at Risk of explosion due to ignition of gas [None identified. Show earthing connection to CNG truck GPA
loading point. (in case of a leak) from static discharge. on P&ID. AB
S§2  |TESTING Confirm truck electrical connection CcD
equipment and procedure for
connecting gas.
Connection to CNG truck pressurised Cannot remove the connection without |None identified. Add appropriate vent and second
. OPERABILITY / once supply is open. Ic:JLlJJsr:/ng gas release, and potential for :?(I)?At,igguv;:\éz Ztr]zlr:;tzzzlr;:;?ion to o
MAINTAINABILITY
AB
Ground slopes towards loading point Truck rolls towards loading point None identified. Add bump stop unless site can be
2 OPERABILITY / behind truck. causing damage to equipment and graded such that slope is removed. GPA
MAINTAINABILITY Truck handbrake not applied. potentially loss of containment. L
Existing trucks and known operation in | Unfamiliarity leading to human error None identified. Review the impact of any actions in this
- OPERABILITY / new facility with, potentially, special and 'and unpredictable HAZOP relative to existing Jemena AW

MAINTAINABILITY

different requirements.

consequences/injury/facility damage.

procedures related to CNG trucks.

S2 ELECTRICAL

Note: Operation is not intended during a
lightning storm.

HAZOP of turbine package will be
conducted.

No action required.

S2 INSTRUMENTS

No issues identified.
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Higher flow than expected, caused by Higher pressure drop leading to lower  [None identified. Confirm flow vs pressure differentials
S2 |HIGH FLOW /LEVEL transient changes/start-up/shutdown. | suction pressure at the compressor. across piping and compare with AB
compressor operating range.
Blocked filter. Refer to compressor HAZOP, no No further action required.
2 LOW FLOW / LEVEL BIocIfed flow eIerr_lent. . consequence.
Low instrument air pressure closing
shutdown valve.
S2 NO FLOW / EMPTY No issues identified.
Compressor failure. Discharge side pressure is much higher |Check valve between compressor and | Confirm chances of reverse flow within
than suction due to connection to cylinder filling. compression package.
cylinders, leading to high pressure Pressure detection on compressor
hydrogen flowing back into buffer suction which closes suction XSV. Suction PSV set pressure and capacity to
52 REVERSE FLOW storage. (Relief valve on compressor suction.) be confirmed to enable accepting PSV as Wi
Failure of the piping upstream of the safeguard.
compressor, loss of containment leaing
to potential for fire/explosion.
No issues identified. All components
2 HIGH PRESSURE upstream of compressor rated for
maximum upstream pressure.
Compressor runs either when it should |Contamination of hydrogen store; Layers of protection: Confirm low pressure cut off for
have stopped or is not meant to run. negative commercial impact with - Check valve on injection panel compressor package. Should be set at
Draws down pressure in the buffer customer(s). - low pressure alarm on the buffer store 1150 kPag or above.
S2 LOW PRESSURE store. Risk of drawing gas from at 1150 kPag. wJ
Secondary Main network back into the Confirm compressor minimum low
buffer store. pressure aligns with design and alarms.
S2 HIGH TEMPERATURE | No issues identified.
S2 LOW TEMPERATURE | No issues identified.
Iron oxide dust from buffer store. No consequence to compressor Filters on both suction and discharge of |Add sample points upstream and
however contamination of product gas. [compressor. downstream of compressor. Isolation
S2 IMPURITIES with 1/4" NPT fitting (sample equipment GPA
to be provied by others when needed). AB
Nitrogen left in the system after purging |No consequence to compressor; Operating procedures. No further action required.
S2 IMPURITIES or bleeding in from passing valve or however, contamination of product gas.
fitting.
2 CHANGE IN No issues identified.
COMPOSITION
2 CHANGE IN No issues identified.
CONCENTRATION
S2 REACTIONS No issues identified.
S2  |TESTING No issues identified.
Filter maintenance requires line to be Air in line if not purged properly, leading |Operating procedures. Coordination procedure required for
OPERABILITY / purged before putting back in service. to. flammab!e mixture in Fompressor doing regular maintenance on items
S2 MAINTAINABILITY with potential for explosion. outside of compressor package. AW
Procedure to amalgamate balance of
plant and compressor requirements.
Inadequate certification and proof of Potential for ignition sources, failure to |None identified. HA certification rating to be IECex.
correct equipment supply. receive certification by Australian IEC compliance to be as per AS electrical Wi
authorities, production impact on loss of standards compliance.
power in the event of substandard
s2 ELECTRICAL fittings, cabling, power supply Loss of power to PLC impact to be AW
equipment. Inability to handle surges confirmed.
damaging sensitive equipment.
Confirm the need for surge protection %';A

an nowrcennn nadace

S2 INSTRUMENTS

No issues identified.
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Compressor is fixed speed and cannot No action required.
S2  [HIGH FLOW /LEVEL  produce more flow than design.
S§2 [LOW FLOW /LEVEL No issues identified.
S2 NO FLOW / EMPTY No issues identified.
S2 REVERSE FLOW Covered in ltem 13-4.
Failure of the compressor controls. Overpressure of downstream Compressor discharge PSV protects Confirm pressure rating of compressor
components and loss of containment against overpressure downstream. discharge piping to cylinder filling
leading to gas release and potential for package. 300 barg min requirement. GPA
fire. ML
Maximum compressor outlet pressure Confirm compressor discharge PSV set
of 689 barg. pressure. Set to protect the lowest rated
Burst disc on tube trailer ruptures, Burst disc is weak point, but also offers | pressure in the downstream system.
S2 HIGH PRESSURE . . . . wWiJ
leading to uncontrolled release of tube |protection against catastrophic
trailer contents, whcih can be a large overpressure failure. Review control philosophy for outlet of
volume. Potential for large compressor, i.e., number of transmitters
fire/explosion. and their locations, and shutdown result Wi
(i.e., what happens?).
S2 LOW PRESSURE Compressor malfunction. No filling of cylinders. No action required.
Failure of compressor discharge cooler. 'Hot gas damages cylinders (seals, etc), |High temperature trip - details to be Confirm maximum discharge
leading to potential loss of containment. |confirmed. temperature from the compressor. Wi
Personnel safety (burns).
52 HIGH TEMPERATURE Appropriate signage to be added on
compressor discharge piping to warn AW
against hot surface temperatures.
S2 LOW TEMPERATURE | No issues identified.
S2 IMPURITIES Refer to Items 13-9 and 13-10.
2 CHANGE IN No issues identified.
COMPOSITION
2 CHANGE IN No issues identified.
CONCENTRATION
S2 REACTIONS No issues identified.
S§2  |TESTING No issues identified.
Inadequate isolation (incorrect type) Unnecessary depressurisation of piping [None identified. Provide appropriate isolation for service.
S2 OPERABILITY / under pressure instruments in high to gain access to instruments. GPA
MAINTAINABILITY pressure systems. No ability to do online maintenance. AB
Once hose connected to truck and Loss of containment, personnel injury  [None identified. Add 1/2" plug (isolation) valve on truck
2 OPERABILITY / pressurised, cannot remove without gas from fire/explosion or hose whip. side of flexi hose. GPA
MAINTAINABILITY release under high pressure. AB
Operations for cylinder filling by third Difficulty carrying out tasks without None identified. Confirm requirement for local lighting at
party outside high security fence. proper lighting if after hours, potential cylinder filling area.
clashes or miscommunication between Confirm interaction between
OPERABILITY / Jemena and third party operations compressor package, cylinder filling
2 MAINTAINABILITY leading to incidents. package and balance of plant with AW
respect to ESD shutdowns.
Appropriate signage needs to be
confirmed and provided.
Operations for cylinder filling by third Trucks have insufficient clearance to None identified. Concrete slab required for landing legs
party outside high security fence with  /manouvre, impact with fences/lighting of trailers to prevent sinking into the
inappropriate surface preparation for poles, tipping of trailers, all potentially ground and tipping trailer.
S2 OPERABILITY / cylinder trucks/trailers. leading to personnel injury and Consideration required for positioning GPA
MAINTAINABILITY equipment damage. of trailers relative to hose location and ML
potential parallel operation (two fill
locations).
S2 ELECTRICAL No issues identified.
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Operations for cylinder filling by third Miscommunication leading to incidents. [None identified. Confirm comms philosophy between

party outside high security fence and packages and how this relates to

insufficient communications or operation of the facility both by Jemena

information between packages/parties. and clients. Requires preparation of a

S$2  [INSTRUMENTS coordination procedure for third party AW
operations, including inductions, safety
requirements, operating procedures,
etc.

Regulator failure Potential component failure Container is ventilated. Confirm with ANT what protections are DK
downstream of regulator leading to Personnel entering the container will provided against nitrogen line failure. ANT
nitrogen release with potential to cause [have gas detectors.

S2 HIGH FLOW / LEVEL asphyxiation within the closed space of |Nitrogen PSV/PRV inside package. Jemena to ensure that gas detectors for
the electrolyser container. operators include low oxygen warning. AW

All users inside electrolyser package Early depletion of the nitrogen supply Flow switches (x2) - FIZS0125 / 0126 Confirm with ANT action resulting from

open simultaneously, or component leading to inadequate purging leading to flow switch activation.

52 LOW FLOW / LEVEL failure, or vent open, unexpectly leading |off spec hydrogen. (several other AW
to higher consumption of nitrogen than |consequences may occur; only one

designed. example listed here).

Refer to Action 12-2 Pressurised hose breakaway leading to See action 12-2 and confirm whether a
whipping leading to injury (if a flexible hose will be used or not

S2  [NOFLOW /EMPTY hose is required to connect the nitrogen AW
bottles to the balance of plant piping).

Relief of hydrogen from PSVs in Hydrogen release at the nitrogen NRV in nitrogen supply line within the | Not deemed credible. No further action

hydrogen purification system at 38 barg cylinders - most likely through PSV, but |electrolyser package. required.

causing reverse flow into the nitrogen  can alos be through open vents, or Nitrogen supply line would have to be at

supply system. fittings if leaking. very low pressure to cause reverse flow

S2  |REVERSE FLOW of hydrogen.
Open valve or failure at the cylinders
would be required for a release.
Hydrogen flow through the nitrogen Hydrogen into lines that normally Item covered within ANT HAZOP of
2 REVERSE FLOW network within the elecrolyser. contain oxygen - potential for electrolyser package.
flammable mixtures that could result in
fire No further action reauired

Nitrogen bottles supply pressure higher | Failure of downstream piping and fitting |AS 2473.3 Type 50 connection type at | Confirm details of nitrogen supply

than expected and designed for. components and exceeding PSV cylinder cage preventing connection of | (bottle pressure and whether regulation
capacity. higher pressure bottles. and relief is going to be included on the

S2 HIGH PRESSURE bottles) and pipe specification. AW
Also refer action 12-7

S2 LOW PRESSURE No issues identified As per 15-2

S2 HIGH TEMPERATURE |No issue identified

Expansion of gas across regulator. Gas cools to low temperature; however, |Ambient temperature recovery after Calculate lowest temperature possible
consequences inside package are regulator. on cold day following gas expansion
unknown. Vendor has stated a minimum through regulator, and check against the

s2 LOW TEMPERATURE nitrogen temperature of -40 °C is required limit. If colder than limit, check AB
required. heat recovery possible from ambient
heating.

No issues identified based on Impurities could result in inadequate Assumption - nitrogen will be supplied |Jemena to ensure nitrogen purity meets

assumption that supplied gas will not purging. by reputable suppliers. electrolyser specification of 99.996%.

S2 IMPURITIES AW

contain impurities. Refer Safeguard and
action.

Electrolyser vendor has stated nitrogen
purity needs to be 99.996%.
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2 CHANGE IN Refer action 12-13. Refer to action 12-7 relating to signage.
COMPOSITION
2 CHANGE IN No new issues raised.
CONCENTRATION
S2 REACTIONS No issues identified.
Lack of appropriate purge/test point(s). |Inadequate purging due to lack of No safeguards identified. Confirm whether purge/test points are
s2  |TESTING suitable purge/test point in/near the required and at which locations. DK
electrolyser package where the purged
gas can be tested for oxveen
Only one purge valve currently in design | Limited ability to depressurise other No safeguards identified. Add purge valves and nitrogen access
OPERABILITY / at the upstream end. No other spare lines and use nitrogen elsewhere on site. points at suitable locations.
S2 MAINTAINABILITY connections (utility points) for other ML
potential uses along the line.
S2 ELECTRICAL No issues identified.
S2 INSTRUMENTS No issues identified.




GPA

ENGINEERING

HAZID Minutes

Client Jemena Document Title Document Subtitle Document No.
Client P2G-2099 GPA 18667 .

, | - | HAZOP Minutes HAZID P2G-2099-MM-HZ-001
Project | Western Sydney Green Gas Project

Node Problem Description Safeguards and Controls Action
. . o .. . Complete
ID Session System / Plant Guideword Cause Consequence Existing Proposed Safeguards New Proposed Safeguards Priority |Responsible Yes/No Comments / Notes
Corrosion - internal or Release of Hydrogen to Buried pipe is designed with low design factor and HAZOP action O-4
external atmosphere, ignition occurs |[relatively low-strength grade (X52) material to ensure low Review requirements relating to hydrogen-
instantaneously or delayed |[stress conditions protecting against rupture due to H2 assisted fatigue crack growth (HA-FCG),
Underground pipeline is resulting in a jet or flash fire. |embrittlement. This pipe is also coated and has cathodic |relating to defect inspection, weld defect
carbon steel pipe, whichis |Property damage and protection. tolerances, and monitoring etc.
susceptible to hydrogen potential fatality/s
embrittlement. Facility piping is stainless steel, which is less susceptible
than carbon steel to H2 embrittlement, and is also
operating under low stress conditions which will prevent
a rupture.
H-1 S1 Hydrogen Systems |CHEMICAL ENERGY 2 AW YES Refer action O-4.
As part of the quality management plan, defect testing of
the piping and equipment will occur post manufacture.
Exhaust fans and H2 gas detectors initiating an ESD in
Electrolyser building.
Ignition control: To be managed by Jemena's permit to
work system, operator clothing will be antistatic and
flame retardant.
Stray currents Compromised cathodic Consider cross-bonding to existing buried
protection leading to assets. HAZOP action 1-25.
H-2 S1 Buried Steel ELECTRICAL ENERGY corrosion - including of 1 NK YES Refer action 1-25
existing assets.
Mol sieve material passing | Loss of performance Maintenance procedures and operations monitoring.
H-3 s1 Electrolyser CHEMICAL ENERGY through into filters - on the
electrolyser package.
Ha s1 s Pioi CHEMICAL ENERGY Dissimilar metals. Galvanic corrosion. Include isolation joints in the design. 1 NK VES Refer drawing P2G-2099-DW-
- n
Ping PD-004 and -008.
CP Interference - The potential for CP Interference will be
mitigated in the CP design. CP design to
address other buried structures CP
interferences.
H-5 S1 Buried Steel CHEMICAL ENERGY 1 MR HOLD - NK to resolve
Submission of the new design to the
Electrolysis committee may required for
approval TBC.
Hydrogen effects on steel Embrittlement and fatigue |To be susceptible, a combination of three factors is
crack growth. required: presence of (and diffusion of) hydrogen,
susceptible material, and stress.
The design of piping will be 'no rupture' to ensure that
H-6 S1 Steel HARM TO PLANT any potential fatigue cracks will not propagate due to the
low stress conditions.
Material susceptibility is being managed by material
selection (compatible with hydrogen), post manufacture
defect testing such as hydrotest and radiography.
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. . i .. . Complete
ID Session System / Plant Guideword Cause Consequence Existing Proposed Safeguards New Proposed Safeguards Priority  Responsible Yes/No Comments / Notes
Soil corrosion - potential for |Corrosion of piping. Coating and CP of buried pipe. Procedure for handling of piping and
acid sulphate soils. equipment during construction to be created Construction SOW, P2G-2099-
H-7 s1 Buried Steel CHEMICAL ENERGY to avoid soil contact. 2 DK YES SW-CN-001 Section 4.4.1
Training of construction personnel is a includes requirement to keep
requirement. pipe clean and undamaged.
Vents - sparking due to Ignition of hydrogen when Design of all vents to be non-sparking. Needle valves are used for all
flaps/moving components | venting. hydrogen bleeds, to limit flow
and velocity. rate. Toroidal ring also used on
main hydrogen vent which is
earthed. Flow rate can be
H-8 S1 Electrolyser ELECTRICAL ENERGY 1 AP YES .
controlled on main vent also.
Together these provide every
practical mitigation of ignition
potential. Refer Isometric P2G-
2099-DW-IS0O-015.
Vents - sparking due to Design of all vents to be non-sparking. Use a Vents will be earthed and fitted
flaps/moving components sock. with vent 'socks' to prevent
H9  s1 Pipeline ELECTRICAL ENERGY and velocity. 1 NK YES rain ingress. Refer Isometric
P2G-2099-DW-I1S0-015 for
earth lugs and rain cap
protection
Failure of electrolyser Potential burns to personnel |Electrolyser package will trip on high discharge
chilling systems- max temp | touching pipe. temperature. TTZ 1160 is a temperature switch set at
H-10 s1 Electrolyser THERMAL ENERGY | 80°C. 80°C, the gas sent to the vent stack will never exceed this
temperature, not even during regeneration, this is
because heat exchanger X-1156 is present.
No low temperature issues.
Considered Joule-Thompson,
H-11  s1 Electrolyser THERMAL ENERGY  @nd chiller system harm to
personnel (it operates to
min. 5°C)
Hot components, and Personnel injury, corrosion. [Controlled by design. Cladding will be installed to protect
exhaust temperatures. operators. Internal materials are designed to prevent
H-12 s1 Generator THERMAL ENERGY | Potential for hydrogen hydrogen attack. Vent stack has air shrouded combustion.
attack (on steel
components).
Fire from adjacent facility, or Hydrogen facility potentially Response plans to be created/updated to
bushfire. damaged if a neighbouring |[In the event of a bush fire or incident at a neighbouring  |include remote shutdown of hydrogen facility
natural gas pipeline incident [facility, the hydrogen plant will be remotely shutdown. |in the event of nearby fire.
occurs, but it unlikely to
cause an escalation that is
H-13 S1 Whole site RADIANT ENERGY . . 1 AW JEMENA ACTION
beyond the existing risk.
There is bushland adjacent
to the facility but only 2
trees on site.
Battery on generator, and  |Stored energy release if Jemena and battery vendor management procedures to |Preventative maintenance work orders to be
two UPS'. battery fails. Potential for be applied for battery management. created for inspection/testing.
H-14 S1 Whole site ELECTRICAL ENERGY fire/explosion. 3 AW JEMENA ACTION
Electrolyser current Arc flash may occur resulting[Low risk. Reviewing design. Arc flash detection? Bus bars |ANT to minimise potential for arc flash in the
discharge. in personnel injury. may be heavy. electrical design. Determine if arc flash 1 AP Following up with ANT
Considered a low risk in this detection is required and include in the
H-15 s1 Electrolyser ELECTRICAL ENERGY application. design. MCC specification includes arc
flash detection. Refer P2G-2099
GPA also to review design regarding arc flash 1 D DS-EL-006.
requirements.
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Node Problem Description Safeguards and Controls Action
. . i .. . Complete
ID Session System / Plant Guideword Cause Consequence Existing Proposed Safeguards New Proposed Safeguards Priority  Responsible Yes/No Comments / Notes
Supplied pad-mount from
H-16 s1 Transformer ELECTRICAL ENERGY the grid by electricity
supplier.
Ignition of releases. Fire if loss of containment  |A hazardous area study will be completed. The Review and update if required existing
occeurs. equipment will be hazardous area designed and rated as |Jemena permit system for application in
per report requirements. hydrogen operation.
The existing Jemena permit system will be reviewed for
the new application and applied in operation. To further control ignition sources, determine
Equipment will be procured with IECEx compliance whether non-sparking tooling is required for
H-17 S1 Whole site ELECTRICAL ENERGY suitable for hydrogen. - (International Electro technical |all maintenance work. Provide training and 1 AW JEMENA ACTION
Commission System for Certification to Standards equipment per specifications.
Relating to Equipment for Use in Explosive Atmospheres
(IECEx System))
Static risks - ignition source | Fire if loss of containment Anti-static clothing a requirement for anyone entering Induction process to be created for workers /
for explosive environment. |occurs. the site. visitors.
Mobile phones and other devices that may be potential |Hydrogen gas detectors a requirement for
H-18 s1 Whole site ELECTRICAL ENERGY| Numerous visitors expected ignition sources to be managed by Jemena's reviewed personnel. 3 AW JEMENA ACTION
to the site, including media. permitting system. for this site.
No-go / exclusion zones to be marked out e.g. electrolyser
Mowers, vehicles Fire if loss of containment  [Jemena's permit to work system Reference XXX Define exclusion zone around pipeline riser
occurs. using bollards. Exclusion zone is demarcated
) with chain-link bollards. Refer
H-19 s1 Whole site ELECTRICAL ENERGY Define all exclusion zones and install a light 1 SH YES plot plan, drg. P2G-2099-DW-
barrier. CV-001.
Small leaks. Loss of product, potential Hydrogen detectors are located in in the electrolyser Create leak response procedure for hydrogen 3 AW JEMENA ACTION
fire. May go undetected. building. Detection will trip the electrolyser (confirm). leak detection.
Jemena personnel will be required to wear H2 detectors
when entering the site, exclusion zones will be created
for areas with a higher potential for leaks of venting. Add short-term isolation function, which
shuts in system for 15 minutes and monitors
H-20 s1 Whole site CHEMICAL ENERGY HAZOP action 1-19 pressure change during shut-in to detect leak. 1 SD Cam to close out
Balance of plant design to include use of hoods with gas |Include as routine test in operating
detectors in locations with multiple fittings and valves. procedures.
E.g.. gas panel, injection panel, pipeline end connections.
Large leaks Fire Video cameras reporting to remote control room area | Determine requirements for an infrared
part of the design. Remote shut-down of the facility is camera to be installed on site.
available. 3 AW
An ESD button will be available at the entrance gate. Provide Infrared cameras for personnel
tering the site.
entering the site JEMENA ACTION
H-21 S1 Whole site CHEMICAL ENERGY . .
Leak detection to initiate a local .
R X . X Cam to close out item 3
beacon/siren. Make siren interlock with gate
(so only alarms if someone is there).
1 SD




HAZID Minutes

Node Problem Description Safeguards and Controls Action
. . i .. . Complete
ID Session System / Plant Guideword Cause Consequence Existing Proposed Safeguards New Proposed Safeguards Priority  Responsible Yes/No Comments / Notes
Impact from vehicle Loss of containment. Design will propose a layout to minimise vehicle traffic Conduct further layout review to minimise
considering access requirements for potential for vehicle impact. Consider all Vehicle access was considered
H-22 s1 Whole site KINETIC ENERGY maintenance/production etc. acce?s requirements. Install bollards where 1 NK YES ?t each dgsign rev.iew, resulting
required. in bollard installation. Refer
layout drawings.
Noise Residential A noise study will be conducted in the design phase.
H-23 S1 Whole site NOISE ENERGY disturbances/complaints.
Working on top of Fall from height Jemena working at heights procedures will be applied. Consider moving maintainable components Elevated equipment (chiller
H-24 s1 Electrolyser GRAVITATIONAL electrolyser package to thfe side. - _ 1 AP VES unit) has been removed from
ENERGY Confirm roof railings are provided. the roof so that access is not
required.
H-25 s1 Whole site GRAVITATIONAL Soil settlement Stress on fittings causing Tubing flexibility, civil design to consider local conditions.
ENERGY leaks.
Hailstones Damage to the cooling fans Hydrogenics to advise on requirements for Most of the package is in a
on the electrolyser roof. protection from hail damage. shipping container and is
expected to be relatively
durable. The interconnecting
H-26 S1 Electrolyser NATURAL ENERGY 1 AP pipework and cooling fans
could be impacted by heavy
hail but consequences are
expected to be minimal. Design
is considered acceptable.
Lightning Electrolyser damage. ANT/Hydrogenics to advise on required .
protection mechanisms against lightning [nislpicpesedibyGRAR olearh
. the vents of the electrolyser
H-27 S1 Electrolyser NATURAL ENERGY damaging the electrolyser package. 1 AP )
process container and to
include 2 x lightning rods.
Oxygen loss of containment.  Oxygen enriched fire in the [Continuous purging flow through the enclosure with Hydrogenics to provide input from package
electrolyser building, from |exhaust fans. HAZOP on management of oxygen risks.
pipework or around vents
Is 02 building analyser included in the
package? Per 18667-LIS-003 Clarification
No. 68: There is an oxygen
Confirm SIL rating of exhaust fan failure analyser in hydrogen ATZ 1520
detection as well as H2 and O2 detection in (SIL 1) to monitor the gas
H-28 s1 Oxygen System  |CHEMICAL ENERGY the building. 1 AP YES quality on P&ID ANA-1. The
ventilation system is guarded
HAZOP action 3-12 by a differential pressure
Action for Hydrogenics to identify all feeds to transmitter PDTZ 1311 (SIL 1
drains. If gas breakthrough can occur in 02 or level) on P&ID GGS-1
H2 scrubbers connected to drains, a SIL study
will be required on the Low level
instrumented functions.




HAZID Minutes

Node Problem Description Safeguards and Controls Action
. . i .. . Complete
ID Session System / Plant Guideword Cause Consequence Existing Proposed Safeguards New Proposed Safeguards Priority  Responsible Yes/No Comments / Notes
Human error - maintenance Hydrogen and oxygen HAZOP action 1-23 Jemena to contact existing hydrogen/oxygen
activities. services are new to Jemena. |Develop competency based training module for the new | industries (industrial gases) to further
Will require some additional |facility. understand specific risks and risk
training ad new practices. Make competency based training a requirement for management.
hydrogen service operators . Create register for
management of accredited personnel. Create procedure for management of spare
CONTROLS AND t ific for hyd d
H-29 s1 Whole site parts specilic for hydrogen and oxygen 3 AW JEMENA ACTION
CONTROLLERS service.
Ensure field auditing of procedural activities
occurs for the new facility. More intensively
during initial operation.
Malicious damage; theft etc. | Damage Secure location, away from the roadside, on an existing
(this has happened before at industrial facility. Signposting will not draw unwanted
this location) attention to the facility.
THIRD PARTY ili i i i
H-30 s1 Whole site Facility will be fenced e.md locked with authorised
HAZARDS personnel entry only signage.
Jemena is carrying out an action to review designs from a
site security perspective.
Air ingress during Explosion within piping HAZOP action 1-22
commissioning, start up Strict use of nitrogen purging after maintenance to be
after maintenance enforced in hydrogen service, and included in all start-
up/re-commissioning operating procedures.
) HAZOP action 1-23
H-31 S1 Whole site CHEMICAL ENERGY -
Develop competency based training module for the new
facility.
Make competency based training a requirement for
hydrogen service operators . Create register for
management of accredited personnel.
Distortion of soft Loss of containment. Design and liaison with material vendors.
components in hydrogen Leak detection
H-32 S1 Whole site KINETIC ENERGY service e.g. gaskets,
Swagelok, treads, valve
intaornalc
Aircraft crash / false landing. | Damage, loss of General aircraft safety regulations make the event of a
H-33 s1 Whole site THIRD PARTY This site is in vicinity of containment, fire. crash unlikely. The plant has a relatively small footprint
HAZARDS training area with light making it unlikely to be hit in the event of a crash.
aircraft
"3 o Whole site HARM TO HUMANS Co?llng \{vatir system - Cool.mg uses refrigerant, no cooling tower (Hydrogenics to
/ BIOLOGY legionnaires? confirm) .
Prospect reservoir - 1km Contamination of water Water treatment and disposal options to be .
Drai % onl owed and ified. Consider EPA Refer water treatment options
s o Whole site HARM TO away. : rlal:g to crfeeB.. nly |ways rewelw? an Zpec.l .|e onhS| er ) . . Ve report, P2G-2099-RP-EV-002
ENVIRONMENT potential effluent is Brine. regL.J ations and minimising harm to the and environmental impact
environment. statement (EIS)
a6 o Whole site HARM TO !\thventmi throug:\ negligible contribution
ENVIRONMENT instrument gas system.
Potential push-back from Jemena public affairs to develop engagement program
the consumer community on with the local community and broader consumers.
H-37 s1 Whole site HARM TO PUBLIC/ |increased hydrogen in the

COMMUNITY

product.




HAZID Minutes

Node Problem Description Safeguards and Controls Action
. . i .. . Complete
ID Session System / Plant Guideword Cause Consequence Existing Proposed Safeguards New Proposed Safeguards Priority  Responsible Yes/No Comments / Notes
Harm to aircraft flying Aircraft disturbance Determine if the facility is directly under any

HARM TO overhead due to released new flight paths and potential consequences.

H-38 s1 Whole site ADJACENT flammable gas cloud during Liaise with relevant authorities. 2 AW JEMENA ACTION
PROPERTY venting of storage pipeline.

) DOWNSTREAM / Electrical generation - Generator supplies to the Design is compatible with grid supply.
H-39 S1 Whole site

UPSTREAM EFFECTS

synchronisation system

grid
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Project:
HAZOP:
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P195947 JEMENA
Hydrogen Plant

9/09/2019

Source document:

HYG-JEM-PRO-F02_PFD_Rev.00

Node
No.

Description

Remarks

Drawing Reference

Electrolyser H2 vent

HYG-JEM-PRO-F03

1.2 Electrolyser outlet HYG-JEM-PRO-F03
2.1 Electrolyser O2 vent HYG-JEM-PRO-F03
3.2 N, to PEM HYG-JEM-PRO-F03
4.1 AC power MV in HYG-JEM-ELE-EO1
5.1 Tap Water IN HYG-JEM-PRO-F03
5.2 Drain Water Out HYG-JEM-PRO-F03
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HAZOP Worksheet

Node 1.1
Description: Electrolyser H2 vent
Drawings: HYG-JEM-PRO-F03
Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
Hazardous area Failure of the
High Flow 111 Prc?ducmgl more than 200Nm3/hr hydrogen lzone 1 balloon N/A DC current 3 N/A De§|gn conditions consider hazardous area 100 NA A N/A
while venting to atmosphere increases around zoning of up to 15,000Nm3/hr.
measurement
vent stack
System unable to
vent or relief Freezing of Vent stack designed to avoid blockage (no
Low Flow 1.1.2 |Blockage (partial) of vent stack pressure, safety |B 9 3 Il water pockets), heat tracing provided when |100 N/A  [N/A N/A
i , condensate § o
relief valves don't ambient temperatures < -20°C
work propperly
Reverse Flow Electrolyser at atmospheric pressure in Vacuum drawn B Any de- 5 - Design pressure of system is 38barg 100
cooling cycle will end up with under pressure and air ingress pressurising meaning equipment can contain an
within the system. into system shut down explosion. Max explosion pressure 17.0barg.
creating an situation. - If system pressure drops below 0.2barg 10 1
explosive mixture. then safety system prevents the production
of hydrogen. This system also checks that
the purge was successful.
113 - Nitrogen purge of system once pressure 100 2 N/A N/A
drops below 0.2barg which purges Oxygen
out of system. Minimum amount of N2
required to be passed through the system
before re-start.
High Pressure Blockage of vent - Ice build up. Rupture of vent  [N/A N/A N/A N/A Vent stack is designed to 38barg which is
1.1.4 stack design pressure of system. Stack will not N/A N/A  [N/A N/A
rupture.
Low Pressure 1.1.5 [No low pressure case possible. N/A N/A N/A N/A N/A N/A N/A N/A_ [N/A N/A
High Temperature Failure of cooling system in electrolyser Vent stack over |N/A N/A N/A N/A Temperature switch on electrolysis cell. If
temperature. high temperature sensed then production
118 Degradation of stops and shut down to standby. Pressure NA NA - IN/A NA
stack. remains in system.
Low Temperature Generation of ice in winter seasons.
1.1.7 |For safeguards please refer item 1.1.2 and N/A N/A N/A N/A N/A N/A N/A N/A  [N/A N/A
1.1.4 above.
High Level 1.1.8 |No high level case possible N/A N/A N/A N/A N/A N/A N/A N/A_ [N/A N/A
Low Level 1.1.9 [No low level case possible N/A N/A N/A N/A N/A N/A N/A N/A  [N/A N/A
Composition 1.1.10 Possibility to vent Nitrogen through stack. None N/A When purging (3 N/A N/A N/A NA A N/A
Change system
P195947_Boundary Hazop_Rev.00 Node 1.1 Page 3 of 14



HAZOP Worksheet

Node 1.1
Description: Electrolyser H2 vent
Drawings: HYG-JEM-PRO-F03
Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
Impurities / A fraction of Oxygen in Hydrogen. An explosive B Failure of 3 1] -Considered in basis of design so that 10
contamination mixture. components mixture can not occur.
1411 inside stack. If -Gas analyser in place. Oxygen concentration|10 1 N/A N/A
o there is a is measured. Instrument ATZ-1520.
rupture of the
membrane.
Start up Air in stack and venting hydrogen. Explosive C On start up. 3 n Correct vent stack design basis. Standard 10
1112 atmosphere within CGA 5.5 as guidance N/A  |N/A N/A
the stack.
Shut down N/A N/A N/A N/A N/A N/A N/A N/A
1.1.18 N/A  [N/A N/A
Climactic conditions Seismic event or storm causing stack to Stack failure B Earthquake 3 All pipe work and stacks designed to
physically fail. (bending... ), event / storm accommodate site seismic accelerations and
1.1.14 hydrogen venting wind speeds accordingly. 100 NA  [NA N/A
in non classified
area
Maintenance 1145 A NA [NA NA  [NA NA [NA |NA N/A NA  [NA N/A
P195947_Boundary Hazop_Rev.00 Node 1.1 Page 4 of 14



HAZOP Worksheet

Node 1.2
Description: Electrolyser outlet
Drawings: HYG-JEM-PRO-F03
Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
Possible
Hydrogen leak during
. . . and thus Nitrogen bank . . . . Collision protection must be
. High flow as a result of line rupture (physical . Physical barrier required to prevent moving -
High Flow 1.2.1 . ) L explosive B replacement 3 1] - . 100 provided to protect hydrogen | Customer
impact from forklift or similar) machinery to travel between containers. X
atmosphere at and other user line
rupture zone. maintenance
activities.
Possible
Larger pressure during
Low flow as a result of physical impact drog in ﬁne Low Nitrogen bank
Low Flow 1.2.3 ) ofphysical imp arop : D | replacement | 3 v N/A N/A N/A N/A N/A
reducing bore size of the line. inlet pressure at
and other
user. )
maintenance
activities.
If the hydroggn user is a compressor;.ngh DeSIinpressure Possple if -PRV on inlet of compressor shall protect
pressure side of compressor breaking of the line would there is a against over pressure of this line. This would
Reverse Flow 1.24 through into low pressure side. Internal be exceeded. B failure of the 3 Il 9 p o 100 N/A N/A N/A
o . ) . vent gas and protect all equipment up
leakages within the compressor. Potentially Potential rupture internals of the stream
through non return valves. of line. compressor. :
Exceeding design
High Pressure | 1.2.5 Pressure control system failure of pressureof the | 5 | Asandwhen | o I PRV on all vessels in electrolyser 100 | NA N/A N/A
electrolyser line. Potential purging.
rupture.
E ding desi Customer to select piping
High pressure as a result of elevated xf:;[j:g ofetilgn During plant Design pressure of line shall be higher than material with design pressure
High Pressure 1.2.6 | ambient temperature whilst plant is shut pline Potential B hut gol\jvns 3 Il |the highest pressure that can be expected as 100 taken into acount pressure rise | Customer
down. ) : a result of elevated T. caused by temperature swing.
rupture.
Startup after maintencance Vacuum drawn  |B Any de- 5 | - Design pressure of system is 38barg 100
and air ingress pressurising meaning equipment can contain an
into system shut down explosion. Max explosion pressure 17.0barg.
creating an situation. - If system pressure drops below 0.2barg
explosive mixture. then safety system prevents the production 10 1
of hydrogen. This system also checks that
Low Pressure | 1.2.7 the purge was successful. N/A N/A
-Nitrogen purge of system once pressure 100 2
drops below 0.2barg which purges Oxygen
out of system. Minimum amount of N2
required to be passed through the system
before re-start.

P195947_Boundary Hazop_Rev.00 Node 1.2 Page 5 of 14



HAZOP Worksheet

Node 1.2
Description: Electrolyser outlet
Drawings: HYG-JEM-PRO-F03
Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
Gas going to -TTZ-1160 temperature transmitter 10 |
outlet will be at downstream to protect against high
elevated Outout flow temperature.
) . temperature. p -TTZ-1123 / 1133 temperature transmitters 10 |
Error (heating element used for drying mole . : would have to .
N . . Outside of design on both driers (DA-H, DB-H) to protect
. sieve beds stays on) in Hydrogen Purification ) be very low X N
High Temperature | 1.2.8 A basis. Weaken B N 3 Il against high temperature from vessels.
System resulting in elevated temperatures I and heating N i
. . line and create -H-DA and H-DB heating elements: Current
outside of operating range 5-80degC. element would
leak. Creates . of both elements are measured. When there
-~ need to fail. . .
ignition. is current feedback and no requirement for
Could damage element to be operational the PLC will stop
compressor. hydrogen production.
Dewpoint of H2 is -75°C, freezing is not
Low Temperature | 1.2.9 |Low ambient temperature < 0°C Line blockage D 5 | |possible since ambient temperature will not 100 N/A
get this low.
High Level 1.2.10 [No level to consider.
Low Level 1.2.11 [No level to consider.
Automatic H2 Check application's tolerance |Customer
purge to 100% nitrogen.
Composition 1212 H2 purge after N2 purge not propperly done - ? --> depends on procedure 3
Change 7[> high N2 content in H2 application after N2 purge
forced by
software
A fraction of Oxygen in Hydrogen. An explosive Failure of 3 1l - HPS deoxo vessel reaction 10 Check application's tolerance
mixture. components - Gas analysers in place. Oxygen 10 to oxygen contamination
Impurities / inside stack. If concentration is measured. . Instrument ATZ-
contamination 1.2.13 thereis a 1520 Customer
rupture of the Instrument ATZ-1720. If gas is out of spec, it (10
membrane. will be sent to vent stack.
Refer O&M manual for maintenance EXpIOSW? mlgture At first start up Nitrogen shall be manually
Start up 1.2.14 h - user line filled ;
requirements. o purged through the lines.
with air
Refer O&M manual for maintenance At shut down, N|?rogen shall be manually
Shut down 1.2.15 : purged through lines to remove hydrogen
requirements.
from the system.
Climactic conditions Seismic event causing line rupture at rigid Line failure. B Earthquake 3 1] All pipe work and stacks to be designed
fixings. Potential event accommodate site seismic accelerations
explosive accordingly.
1.2.16 atmosphere Design with expansion loops and/or flexible
hoses.
P195947_Boundary Hazop_Rev.00 Node 1.2 Page 6 of 14



HAZOP Worksheet

Node 1.2
Description: Electrolyser outlet
Drawings: HYG-JEM-PRO-F03
Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
. Refer O&M manual for maintenance use tag and lock out procedures on valves
Maintenance 1.2.17 A . .
requirements. ( reverse flow case !) before starting maintenance works
Node 1.2 Page 7 of 14
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HAZOP Worksheet

Node 2,1
Description: Electrolyser O2 vent
Drawings: HYG-JEM-PRO-F03
Deviation Causes Consequences Frequency Safeguards
/ # Class Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
High Flow 2.1.1  |Producing more than 100Nm3/hr Oxygen and N/A N/A Failure of the |3 N/A Design conditions consider maximum flow N/A N/A  [N/A N/A
plant dump required. DC current rate of up to 3,600Nm3/hr in a dumping
measurement condition.
Low Flow 2.1.2 |[Blockage (partial) of vent stack System unable to |B Freezing of 3 1] Vent stack designed to avoid blockage (no  |100 N/A  [N/A N/A
vent or relief condensate water pockets), heat tracing provided when
pressure, safety ambient temperatures < -20°C
relief valves don't
work propperly
Reverse Flow 2.1.3 [System at atmospheric pressure in cooling Vacuum drawn N/A Any de- 5 N/A N/A N/A N/A  [N/A N/A
cycle will end up with under pressure within and air ingress pressurising
the system. into system shut down
creating a mixture situation.
of Oxygen and
air.
High Pressure 2.1.4 |[Blockage of vent - Ice build up. Rupture of vent  [N/A N/A N/A N/A Vent stack is designed to 38barg which is N/A N/A  [N/A N/A
stack design pressure of system. Stack will not
rupture.
Low Pressure 2.1.5 [No low pressure case possible N/A N/A N/A N/A N/A N/A N/A N/A_ [N/A N/A
High Temperature |12.1.6 |Failure of cooling system in electrolyser Vent stack over |N/A N/A N/A N/A Temperature switch on electrolysis cell. If N/A N/A  [N/A N/A
temperature. high temperature sensed then production
Degradation of shall stop and shut down to standby.
stack. Pressure remains in system.
Low Temperature  |2.1.7 |Generation of ice in winter seasons. N/A N/A N/A N/A N/A N/A N/A N/A  [N/A N/A
For safeguards please refer item 1.1.2 and
1.1.4 above.
High Level 2.1.8 _[No high level case possible N/A N/A N/A N/A N/A N/A N/A N/A  [N/A N/A
Low Level 2.1.9 [No low level case possible N/A N/A N/A N/A N/A N/A N/A N/A_ [N/A N/A
Composition 2.1.10 |Possibility to vent air (instead of Oxygen) Nil Nil When purging (3 N/A Nil N/A N/A  [N/A N/A
Change through the stack. system
Impurities / 2.1.11 |A fraction of Hydrogen in Oxygen. An explosive B Failure of 3 1] Stack design to 38barg which is greater then (10 N/A N/A
contamination mixture. components any explosion pressure.
inside stack. If 'Hydrogen in Oxygen analyser ATZ-1620 10 1
there is a detects Hydrogen in the Oxygen stream.
rupture of the Threshold is set at 1.85%. If this is exceeded
membrane. then the plant will stop and de-pressurize.
Start up 2.1.12 [Air in stack and venting Oxygen. On start up. 3 N/A N/A N/A_ [N/A N/A
Shut down 2.1.13 [Nil N/A N/A N/A N/A N/A N/A N/A N/A  [N/A N/A
Climactic conditions |2.1.14 |Seismic event causing stack to physically fail. Stack failure. Earthquake N/A N/A All pipe work and stacks to be designed N/A N/A  [N/A N/A
event accommodate site seismic accelerations
accordingly.
Maintenance 2.1.15 [Nil N/A N/A N/A N/A N/A N/A N/A N/A  [N/A N/A
P195947_Boundary Hazop_Rev.00 Node 2.1 Page 8 of 14



HAZOP Worksheet

Node 3.2
Description: N2 to PEM
Drawings: HYG-JEM-PRO-F03
Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
Possible
Nitrogen leak ) during .
Nitrogen supply line rupture (outside of Nitrogen bank Physical barrier required to prevent movin Customer to ensure nitrogen
High Flow 3.2.1 trogen Supply pture. ) D replacement 3 v ysica q P } 9 100 lines and system is protected | Customer
Forklift collision with overhead line. containers). machinery to travel between containers. -
L and other from damage by collisions etc...
Personnel injury. .
maintenance
activities.
Nitrogen purge Possible
will not work as during
Low flow as a result of physical impact flow switch will Nitrogen bank Two flow switches are in place FIZS-0125 /
Low Flow 3.22 reducing bore size of the line. not feedback B replacement 3 v 0126. 100 Il N/A N/A
sufficient flow rate and other
and thus purge = maintenance
fail. activities.
Pressure transmitters PTZ-1107 (HPS) and
No Nitrogen being PTZ-0303 (GGS) detect low system pressure
sent to purge. equal to or lower than 0.2barg which feeds
Reverse flow of hydrogen back to Nitrogen Rupture of 10barg When ever the back the signal that the plant requure§ to be
system due to electrolyser purged. Only then does instrument air feed 100
Reverse Flow 3.2.3 | system. Hydrogen system pressure 30barg . B : 5 ) N/A N/A
: ingress of 30barg. pressure is supply double block and bleed solenoids 100
vs Nitrogen bottle pressure of 10barg. : -
Hydrogen purging running. valves to open the DBB to purge the system.
system as oppose Block valves are fail close and vent valve is
to Nitrogen. fail open. DBB is de-energized in the closed
position, thus cannot be opened in operation.
Malfunction of regulators on Nitrogen bottles Line over PRV on Nitrogen panel shall safe guard
High Pressure 3.24 and introduce 200barg pressure to the pressurization B 3 I . 9en p: . 9 100 N/A N/A
X against over pressurization of the system.
system. and line rupture.
Nitrogen purge Possible
will not work as during
Both eylinders run empty. Human error of not flow switch will Nitrogen bank Two flow switches are in place FIZS-0125 /
Low Pressure | 3.2.5 Y pYy. not feedback B | replacement | 3 v 0126. 100 I N/A N/A
replacing. .
sufficient flow rate and other
and thus purge = maintenance
fail. activities.
High Temperature | 3.2.6 | '\t possible o reach 80°C by ambient N/A N/A N/A NA | A N/A N/A N/A N/A N/A
temperature.
Low Temperature | 3.2.7 | Notan issue provided ambient does not fall N/A N/A N/A NA | A N/A N/A N/A N/A N/A
below -40degC
High Level 3.2.8 No high level case possible N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Low Level 3.2.9 No low level case possible N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Ensure standard operating procedures cover
. . . the checking of bottles before connection ) . .
Composition 3210 Incorrect supply of Nitrogen (supplies Damage of cell N/A N/A N/A NA made. NA N/A Confirm connection of Nitrogen Customer
Change Oxygen for example) stack sensor. . . . bottles.
Oxygen detection will read very high and
alarm.
P195947_Boundary Hazop_Rev.00 Node 3.2
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HAZOP Worksheet

Node 3.2
Description: N2 to PEM
Drawings: HYG-JEM-PRO-F03
Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
Ensure standard operating procedures cover
Impurlltlesl/ 3211 Incorrect supply of Nitrogen purity. It needs to Damage of cell N/A N/A N/A N/A the checklnglof bottles before connectlonl N/A N/A Check avallgble Nlltrogen purity Customer
contamination be 99.996%. stack. made. Appropriate procurement processes in range that is available locally
place.
Start up 3.2.12 Refer standard O&M for start up. N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Shut down 3.2.13 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Maintenance 3.2.14 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
P195947_Boundary Hazop_Rev.00 Node 3.2
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HAZOP Worksheet

Node 4.1
Description: AC power MV in
Drawings: HYG-JEM-ELE-EO1
Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
Hydrogen
1 1 1 H H 0,
Low Voltage 411 Voltage dip on 400V network production lel be System shall trip if vf)ltage drop is below 90%
compromised of nominal voltage.
(low).
Hydrogen
. generation will System shall trip if voltage drop is above
High Voltage 4.1.2 Voltage swell on 400V network. stop. Plant wil 110% of nominal voltage.
trip.
Black out No 400V supply L . o
Loss of power 413 Tripped breaker to Hydrogen System shall trp if vf)ltage drop is below 90%
of nominal voltage.
Blown fuse plant.
Back up power to be connected to enable cell
Damaged cell - .
o stack heaters to operate. Automatic Provide 400V backup power
Loss of power 4.1.4 stack if it freezes L S h Customer
outside switching of back up line in a power loss supply line for heaters
) situation.
Direct hit on Primary safeguard is lightning poles and Provide site lightning protection
Lightning Strike 415 Lightning strike. container resulting y 9 s lghtning p - 9 9p Customer
: . appropriate connection to site earth grid. equipment
in controls failure.
P195947_Boundary Hazop_Rev.00 Node 4.1
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HAZOP Worksheet

Node 5.1
Description: Tap Water IN
Drawings: HYG-JEM-PRO-F03
Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
Plant will not get Vehicle Physical barrier to protect the line. Adequate
High Flow 511 Line rupture / physical damage. Loss of water. Hydroggn D movements. 3 v pipe SUPpOTtS. N/A N/A Provide physical pamer to Customer
water. generation will - . ) protect the line
stop Earthquake. General maintenance inspections.
Line rupture / physical damage. Loss of ] Physical barrier tlo protect the line. Adequate
Plant will not get . pipe supports.
water. water. Hydrogen Vehicle General maintenance inspections
Low Flow 51.2 Line restriction. - Hyaroge D | movements. | 3 \Y ; P - N/A N/A N/A N/A
. generation will Pressure switch PS-1212 on plant water line
Commis failure between buffer tank Level Earthquake. " .
transmiter to supply pump stop. shall indicate low pressure and will shut plant
) down if low pressure indicated.
No reverse flow case possible. Water
Reverse Flow 51.3 injected to intermediate buffer tank at N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
atmospheric pressure.
Incoming line to be protected
via instrumentation and
High Pressure 5.1.4 ? N/A N/A N/A N/A N/A N/A N/A N/A | mechanically (relief valve) to | Customer
restrict pressure to maximum
6barg.
Physical barrier to protect the line. Adequate
Plant will not get pipe supports.
Low Pressure 5.1.5 | Ruptured incoming line line or other cause. water. H)_/drog_en D Vehicle 3 [\ Genera! maintenance inspections. ' N/A N/A N/A N/A
generation will movements. Pressure switch PS-1212 on plant water line
stop. shall indicate low pressure and will shut plant
down if low pressure indicated.
Elevated temperature of water in lines due to Slow degradation Z‘;Z?tﬂe i(;n A:L:Eﬁdm;?gr;vﬂzr(j:";ﬁzjzogid
High Temperature | 5.1.6 | thermal radiation on any exposed lines or of RO N/A P N/A N/A All pipe shall be routed underground N/A N/A 9 . Customer
summer protected from heating up by
buffer tank. membranes. P
months solar irradiation
Plant will not start ) . ) Consideration of heat tracing
as water will not Pipe work is buried. above ground pipe work from
Low Temperature | 5.1.7 Freezing of water filled lines. 35days/yr. 5 Pressure transmitter on supply line shall N/A N/A 9 Pip . Customer
flow. rotect bumb and suooly line pump to electrolyser container
Rupture of lines. P pump pply fine. to be reviewed.
High Level 5.1.8 No high level case NA NA NA NA NA NA NA NA NA NA
Low Level 5.1.9 No low level case NA NA NA NA NA NA NA NA NA NA
C°&‘;‘:zg°” 5.1.10 No composition change case NA NA NA NA NA NA NA NA NA NA
Conductivity transmitter (CT-1211) on water
Variances from required composition Degradation of inlet.
Impun'uesl/ 5111 required for RO plant inlet. Formation of cell stack I!feume c NA 3 NA Conductivity transmitter (CT-1234) on outlet 100 N/A NA NA
contamination bacteria / algae Degradation of of RO membrane bank.
gae. RO membranes. Conductivity transmitter (CT-1271) on the
outlet of mixed bed ion exchange process.
P195947_Boundary Hazop_Rev.00 Node 5.1 Page 12 of 14



HAZOP Worksheet

Node 5.1

Description: Tap Water IN

Drawings: HYG-JEM-PRO-F03

Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description redF:::tl;on SIL
Commissioning start up: Air in line Degradation of Double block and bleed valve on plant inlet
Start up 5.1.12 g start up: : 'e9 NA NA NA NA | shall be used to flush the line before putting NA NA NA NA
contaminants in line. filters and RO -
water into the plant.
membranes.

Shut down 5.1.13 NA NA NA NA NA NA NA NA NA NA
Climactic conditions 5.1.14 Earthquake damaging rigid pipe. NA NA NA NA NA Material selection - flexible pipe work. Use noncr:)g::t:epclﬁzr:or water Customer
Maintenance 5.1.15 Refer O&M for general maintenance. NA NA NA NA NA NA NA NA NA NA

P195947_Boundary Hazop_Rev.00 Node 5.1 Page 13 of 14



HAZOP Worksheet

Node 5.2
Description: Drain Water Out
Drawings: HYG-JEM-PRO-F03
Deviation Causes Consequences Frequency Safeguards
/ # Class - Recommendations / actions Who
Guideword description description rank | Description | rank description Risk SIL
reduction
High Flow 5.2.1 No high flow case. Drain can handle maximum inlet flow case.
. Drain to be closed loop until the outfall.
Plant will shut .
down. No During plant Mesh cap on outfall end.
Low Flow 5.2.2 Blockage of drain. Birds nest, animal, ice. h dro' en E shut down 3 v Conductivity transmitter CT-1271 to shut
Yaroge periods. plant down when water composition
generation N
constraints is not met.
Reverse Flow 5.2.3 No reverse flow case possible.
. Drain to be closed loop until the outfall.
Plant will shut .
down. No During plant Mesh cap on outfall end.
High Pressure 5.2.4 Blockage of drain. Birds nest, animal, ice. h dro' en E shut down 3 v Conductivity transmitter CT-1271 to shut
Yaroge periods. plant down when water composition
generation N
constraints is not met.
Low Pressure 525 No low pressure case
High Temperature | 5.2.6 No high temperature case
. Drain to be closed loop until the outfall.
Plant will shut .
down. No During plant Mesh cap on outfall end.
Low Temperature | 5.2.7 Freezing of water filled lines. h dro‘ en E shut down 3 [\ Conductivity transmitter CT-1271 to shut
v g' periods. plant down when water composition
generation S
constraints is not met.
High Level 5.2.8 No high level case
Low Level 5.2.9 No low level case
Composition 5.2.10 No composition change case
Change
Impun'uesl/ 5.2.11 No impurities / contamination case.
contamination
Start up 5.2.12 No start up issues.
Shut down 5.2.13 No shut down issues.
Climactic conditions . Material selection - non rigid pipe work.
5.2.14 Earthquake damaging rigid pipe. Provides flexibility.
Maintenance 5.2.15 Refer O&M for general maintenance.

P195947_Boundary Hazop_Rev.00

Node 5.2

Page 14 of 14



Jemena Ltd
Jemena - Detailed Design for Hydrogen Generation (Western Sydney Green Gas Project)
Final Hazard Analysis

APPENDIX 4 EVENT TREE FREQUENCY CALCULATIONS

GPA Engineering Pty Ltd
File Reference: P2G-2099-RP-HZ-005-r1
Printed: 02-Jul-2021



18667 WSGGT Event Tree Frequency Estimations -

Leak Detected % of Jets Jet Fire Total Frequency
and Isolated? Directed Delayed Frequency for Potential
Leak Frequency Cumulative Leak Modelling 80% Yes Continuous leak | Ignition toward site Ignition (Directed Flash Fire offsite fatal
Equipment Plant Location Frequency Data Used Units y-1 Parts Count Frequency Scenario Substance 20% No rate kg/s Probability boundary Probability Offsite) Frequency consequences Comments
Only the jet fire extends
Flanges 500 NB Buffer Storage riser 78 mm 1.00E-07 2.00E-07(3d Hydrogen 0.2 1.46 0.063 03 0.027 7.56E-10 1.0E-09 7.56E-10| beyone the boundary




Jemena Ltd
Jemena - Detailed Design for Hydrogen Generation (Western Sydney Green Gas Project)
Final Hazard Analysis

APPENDIX 5 PHAST CONTOURS

APPENDIX 5A CASE 1B

Case Description: Above ground hydrogen piping and equipment (3,500 kPag), 25 mm hole size

Case 1b: Jet Fire Radiation Contours

4.7 kW/m? Radiation Contour \
12.6 kW/m? Radiation Contour .

15

Case 1b: Flash Fire Contour

GPA Engineering Pty Ltd
File Reference: P2G-2099-RP-HZ-005-r1
Printed: 02-Jul-2021



Jemena Ltd
Jemena - Detailed Design for Hydrogen Generation (Western Sydney Green Gas Project)
Final Hazard Analysis

APPENDIX 5B CASE 2B

Case Description: Hydrogen piping and equipment within the electrolyser container, 25 mm hole size

Case 2b: Jet Fire Radiation Contours

7 kPag Explosion Overpressure

14 kPag Explosion Overpressure

Case 2b: Flash Fire Contour

GPA Engineering Pty Ltd
File Reference: P2G-2099-RP-HZ-005-r1
Printed: 02-Jul-2021



Jemena Ltd
Jemena - Detailed Design for Hydrogen Generation (Western Sydney Green Gas Project)
Final Hazard Analysis

APPENDIX 5C CASE 3B

Case Description: Buried hydrogen piping and risers, 50 mm hole size

Case 3b: Jet Fire Radiation Contours (plant north)

4.7 kW/m? Radiation Contour

12.6 kW/m? Radiation Contour ! 1 7 SITE BOUNDARY

GPA Engineering Pty Ltd
File Reference: P2G-2099-RP-HZ-005-r1
Printed: 02-Jul-2021



Jemena Ltd
Jemena - Detailed Design for Hydrogen Generation (Western Sydney Green Gas Project)
Final Hazard Analysis

APPENDIX 5D CASE 3D

Case Description: Buried hydrogen piping and risers, 78 mm hole size

Case 3d: Jet Fire Radiation Contours

000 002 004
[— - —
o
4.7 kW/m? Radiation Contour
12.6 kW/m? Radiation Contour 115 L SITE BOUNDARY

Case 3d: Flash Fire Contour

GPA Engineering Pty Ltd
File Reference: P2G-2099-RP-HZ-005-r1
Printed: 02-Jul-2021



Jemena Ltd
Jemena - Detailed Design for Hydrogen Generation (Western Sydney Green Gas Project)
Final Hazard Analysis

APPENDIX 5E CASE 4B

Case Description: Above ground natural gas piping and equipment (up to 1,050 kPag), 25 mm hole size

Case 4b: Jet Fire Radiation Contours

4.7 kW/m? Radiation Contour

12.6 kW/m? Radiation Contour

L':
)

APPENDIX 5F CASE 6B

Case Description: Above ground hydrogen piping and equipment (800 kPag) associated with the Fuel
Cell and Microturbine, 25 mm hole size — contours shown are for the microturbine (generator package)
as this equipment is closest to the property boundary.

Case 6b: Jet Fire Radiation Contours

Case 6b: Flash Fire Contour

GPA Engineering Pty Ltd
File Reference: P2G-2099-RP-HZ-005-r1
Printed: 02-Jul-2021



Jemena Ltd
Jemena - Detailed Design for Hydrogen Generation (Western Sydney Green Gas Project)
Final Hazard Analysis

APPENDIX 5G CASE 7B

Case Description: Above ground natural gas piping and equipment (800 kPag) associated with the Truck
Fuel Supply to Microturbine, 25 mm hole size

Case 7b: Jet Fire Radiation Contour

4.7 kW/m? Radiation Contour |
12.6 kW/m? Radiation Contour L

GPA Engineering Pty Ltd
File Reference: P2G-2099-RP-HZ-005-r1
Printed: 02-Jul-2021
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MARSHALL DAY a

DESIGN ADVICE Acoustics
Project: Western Sydney Green Gas Project Document No.: Da 001

To: Eco Logical Australia Date: 15 June 2021

Attention: Daniel Magdi Cross Reference:

Delivery: Project No.: 20190608

From: Ali Ahmadi No. Pages: 3 Attachments: No
Subject: Noise Prediction of Fuel Cell and Compressor

Marshall Day Acoustics has previously conducted an environmental noise assessment for the Western
Sydney green gas project, summarised in ‘Rp 001 r01 20190608 - Western Sydney Green Gas Project -
Environmental Noise Assessment [2020 Environmental Noise Assessment]’, dated 8 November 2020.

Eco Logical Australia (ELA), on behalf of Jemena, has requested that MDA conduct additional noise
predictions for new equipment proposed to be located at the subject site, comprising a fuel cell and
compressor.

NEAREST RESIDENTIAL RECEIVERS

The nearest residential dwellings are previously identified in ‘Rp 001 r01 20190608’ report. A summary of the
nearest residential receivers considered in this report is presented in Table 1.

Table 1: Nearest residential receivers

Receiver reference Address Distance to nearest site boundary (m)
R1 187-201 Chandos Road =90
R3 203-209 Chandos Road =130
R6 168-174 Chandos Road =160
NOISE SOURCES

Location of proposed equipment

The proposed modification will include the addition of a fuel cell and a cylinder refilling station within the
existing project footprint. The locations of the proposed equipment in relation to the nearest residential
receivers are presented in Figure 1.

Da 001 20190608 - Western Sydney Green Gas Project - Noise Prediction of Fuel Cell and Compressor 1
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MARSHALL DAY a

Acoustics

Figure 1: Locations of the nearest residential receivers and proposed equipment

Noise levels
The overall Sound Pressure Level (SPL) data of the proposed equipment are provided by ELA:

e Fuel Cell Operation: 89.1 dBA at 1 m and 77.2 dBA at 3 m (worst case prediction has been adopted in this
study)

e Compressor:85dBAat1lm

In the absence of detailed octave band noise level data, and for consistency with previous findings in ‘Rp 001
r01 20190608’ report, noise spectrum of similar equipment assessed in the previous report are used in this
study. The noise spectrums are then adjusted to achieve the overall SPL provided by the client. The provided
SPL are assumed to be Laeq levels. Table 2 summarises overall SPL and the calculated Sound Power (Ly) used
in this study.

Table 2: Octave band input sound power level data and overall SPL

Category Assumed 63 125 250 500 1k 2k 4k Calculated SPL at
source Lw, dBA im, dBA
height (m)

Fuel Cell 2 92 88 87 99 89 82 81 97 89

Refueller package— 2 95 98 96 91 87 82 76 93 85

compressor

Da 001 20190608 - Western Sydney Green Gas Project - Noise Prediction of Fuel Cell and Compressor 2
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NOISE MODELLING

A noise model has been prepared to determine the noise levels at the nearest noise sensitive receivers. A
3-dimensional digital model of the site and surrounding built environment has been created using
SoundPLAN proprietary modelling software (version 8.1).

The SoundPLAN digital model has been used to calculate noise levels using the International Standard /SO
9613-2: 1996 Acoustics — Attenuation of sound during propagation outdoors — Part 2: General method of

calculation (ISO 9613). 1SO 9613 is a general environmental noise calculation standard that has been used
extensively throughout Australia, New Zealand, and Europe since its publication in 1996.

For consistency with previous findings in ‘Rp 001 r01 20190608’ report, key modelling parameters are kept
the same as modelling parameters used in the previous model.

PREDICTED NOISE LEVELS

Operational noise emission from the proposed new equipment have been calculated based on the
assumptions outlined in this report. Results are presented in Table 3 for predicted noise levels from individual
equipment and cumulatively at the nearest residential receivers previously identified.

Table 3: Predicted noise levels

Receiver Predicted noise level, Laeq dB
Fuel Cell Compressor Cumulative (Fuel Cell and
Compressor operating
simultaneously)
R1 39 35 40
R3 31 33 35
R6 32 29 34

Da 001 20190608 - Western Sydney Green Gas Project - Noise Prediction of Fuel Cell and Compressor 3
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DO Cardno’

Our Ref:  80021059:HC
Contact:  Hayden Calvey

17 February 2021

Eco Logical Australia Cardno (NSW/ACT) Pty Ltd
Level 3, 101 Sussex St ABN 95001145 035
Sydney NSW 2000 Level 9 - The Forum
203 Pacific Highway
Attention: Daniel Magdi StLeonards NSW 2065
Australia

Phone +61 29496 7700
Dear Daniel, Fax +612 9439 5170

WESTERN SYDNEY GREEN GAS EIS - PROPOSED MODIFICATION FOR TRAFFIC  www.cardno.com
AND TRANSPORT ASSESSMENT

Cardno has been engaged by EcoLogical Australia (ELA) to prepare a traffic impact
assessment for the modification of developmental works at Horsley Park high-pressure
gas facility located at 194 — 202 Chandos Road, Horsley Park, NSW. The facilities to
support the Power to Gas project which transforms renewable electrical energy into
hydrogen gas is referred to as the Western Sydney Green Gas Project (WSGGP).

The modification in the proposed facility involves the change of the hydrogen bus
refuelling point option into a cylinder hydrogen cylinder filling and fuel cell option. This
change will require the facility to support trailers rather than buses.

This letter will provide a review of the traffic and road safety impacts using relevant
Fairfield City Council (FCC) requirements, Transport for NSW (TfNSW) Guidelines and
Austroads guides.

1.1 Background

The previous WSGGP Traffic Impact Assessment (TIA) by TTM Consulting (2019)
considered the facility to comprise an electrolyser that converts renewable electrical
energy into hydrogen gas which is then injected into the natural gas network, stored in
the buffer storage, running of gas generator and provision of hydrogen bus refuelling
station.

During public exhibition of the EIS and subsequent comments received by FCC and
TfNSW, the heavy vehicle route to the site during operation and construction was
recommended to enter and exit the site on Chandos Road from the east via Ferrers
Road and Horsley Drive to the M7. This is in order to avoid the intersection of Chandos
Road / Wallgrove Road intersection which was identified as a black spot by TINSW

Since the previous assessment, a maodification is proposed to the approved
development. The WSGGP facility is proposed to include a hydrogen cylinder filling
station and on-site fuel cell in place of the originally proposed hydrogen refuelling
station.

It is relevant to note that Condition B7(e) states the following:

Ensure frequency of bus hydrogen refuelling does not exceed three bus trips daily for
350 days per year, unless otherwise agreed by the Secretary subject to the Final
Hazard Analysis required under Schedule 3 Condition B1

1.2 Scope

This revised traffic impact assessment is prepared in order to consider the additional
traffic, if any, for the future hydrogen cylinder refilling station and fuel cell. Furthermore,
considerations to the road safety and other implications of the proposed modification.

The conclusions and findings of the previous assessment conducted by TTM will

largely remain relevant with the construction impacts generally remaining unchanged. § &
Australia « Belgium « Canada « Colombia « Ecuador « Germany « Indonesia * Kenya * allty “
Myanmar « New Zealand « Nigeria * Papua New Guinea * Peru * Philippines * Singapore 10 9001

Timor-Leste * United Kingdom « United States * Operations in over 100 countries © sAIGLOBAL



29 March 2021 ’ OO Cardno
This assessment will only reassess the operational impacts due to the proposed usage of hydrogen tube
trailers (articulated heavy vehicles) in place of buses (heavy rigid vehicles).

The scope of the investigation includes:

> Heavy vehicle network review;

> Swept path analysis for proposed modification;

> Traffic generation impacts for proposed modification;

The proposed modification has been reviewed and assessed against the following documents:

> Guide to Traffic Generating Developments (TfNSW, 2002);

> Austroads Guide to Traffic Management Part 12: Traffic Impacts of Development; and

> Australian Standards 2890.

1.3 Reference Documents

This Traffic Impact Assessment is based on the following documents:

> The Western Sydney Green Gas Project Environmental Impact Statement — Eco Logical Australia 2019;
> Traffic Impact Assessment Western Sydney Green Gas Project — TTM 2019.

> Traffic Management Plan — TTM 2020

1.4 Previous Assessments

The previous assessment completed by TTM Consulting (2019) concluded that the amount traffic generation
of the proposed development is considered relatively minor and will not have significant traffic impacts.

The previous assessment will remain highly relevant and most traffic generation and road network condition
findings will be referenced in this assessment.

The updated design modification to accommodate the future package of hydrogen gas cylinder refilling
station in place of the hydrogen bus refuelling station are shown in Figure 1-1.

Figure 1-1 Site development plan for hydrogen bus refuelling

| FormrormaTION ONLY | | PRELMINARY |

\\cardno.corp\globa\AU\NSW\DirectoryStructure\Projects\800\FY21\059_ WESTERN SYDNEY GAS TIA\Report\80021059_WSGP Traffic Statement_v02.docx
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1.5 Proposed Modification

The modification of the proposal consists of the change of use from hydrogen refuelling station to hydrogen
cylinder filling station, thus there will be hydrogen truck trailers instead of buses assessing the site.

The frequency of trailers will be 3 vehicles per day, consistent with the current approval and previous
assessments.

The modified site layout is shown in Figure 1-2 whilst the design vehicle is based on Figure 1-3 and
assessed as a maximum 19.0m semi-trailer

Figure 1-2 Site development plan for hydrogen gas cylinder refilling
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Figure 1-3 Hydrogen Tube Trailers
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2 Existing Surrounds

2.1 Site Location

The site is located at Horsley Park NSW, within the Western Sydney Parklands. The site is under the
governance of Fairfield City Council. The facility is situated 600 metres to the east of the M7 Motorway. The
site an existing high-pressure gas facility owned by Jemena Gas Networks (NSW) Ltd located at 194 - 202
Chandos Road in Horsley Park, NSW.

The site area is shown in Figure 2-2 and Figure 2-2.

Figure 2-1 Project site location aerial view

\\cardno.corp\globa\AU\NSW\DirectoryStructure\Projects\800\FY21\059_WESTERN SYDNEY GAS TIA\Report\80021059_WSGP Traffic Statement_v02.docx
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s

Figure 2-2 Site location map view
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The site is accessed via a gravel access road connected to Chandos Road as shown in Figure 2-3.
Chandos Road acts as the east-west link between Wallgrove Road and Ferrers Road. There is no dedicated

parking spaces on site.

Figure 2-3 Site access road
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2.2 Road Network

Cardno conducted a high-level desktop review to assess the impact of the change in vehicles from buses to
Hydrogen Tube Trailer. The road network remains consistent with TTM 2019 assessment. The key roads
surrounding the site includes:

Chandos Road,;
Wallgrove Road;

Ferrers Road;

2.2.1 Chandos Road

Chandos Road is the main access road onto the site location. The road is maintained by Fairfield City
Council and has a posted speed limit of 60km/hr. Chandos Road is an undivided road with broken dividing
lines and accommodates a single lane of travel in each direction. Chandos Road typically has travel lane
widths of 3.25m with sealed shoulders of less than a metre on either side, with an overall sealed width of
approximately 8m. Chandos Road has a posted Gross Vehicle Mass (GVM) limit of 5 tonnes between
Wallgrove Road and Ferrers Road

2.2.2 Ferrers Road

Ferrers Road is a regional road maintained by Fairfield City Council and has a posted speed limit of 60km/hr.
The road is an undivided road with double dividing lines and has a single lane of travel in each direction.
Ferrers Road generally has 3.5m wide travel lanes with 1-1.5m wide sealed shoulders either side, with an
overall carriageway width of 10m.

2.2.3 Wallgrove Road

Wallgrove Road is a state road maintained by TINSW and has a posted speed limit of 80km/hr. Wallgrove
Road links to M7 Motorway to the south and M4 Motorway to the north. Wallgrove Road has a single lane of
travel in each direction with considerably heavier traffic compared to Chandos Road and Ferrers Road.
Wallgrove Road has approximately 3.5m wide travel lanes along with 2.5m wide sealed shoulders in each
direction, with an overall sealed carriageway width of 12m.
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2.2.4 Chandos Road/ Wallgrove Road Intersection

Chandos Road intersects with Wallgrove Road to form a four-leg stop-controlled intersection with Chandos
Road as the minor road as shown in Figure 2-4. The western leg of Chandos Road (the M7 motorway
overpass) has a GVM limit of 5 tonnes.

Figure 2-4 Chandos Road/ Wallgrove Road Intersection

2.2.5 Chandos Road/ Ferrers Road intersection

Ferrers Road intersects with Chandos Road in a four-way roundabout as shown in Figure 2-5. Access from
Ferrers Road onto Chandos Road is restricted to vehicles having GVM of less than 5 tonnes.

Figure 2-5 Chandos Road/ Ferrers Road Roundabout
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3 Heavy Vehicle Network

The heavy vehicle road network for 25/26m B-doubles are shown as below.

Note that Ferrers Road is restricted to south bound access only and Redmayne Road has a height restriction
of 3.2 m due to the M7 Motorway overhead bridge.

sley Purv\o
ic School

/
Z; Legend
/'// Site
25/26m B-Double Route

/ /}/ / - l»//// .
/,»"’/,// / 25/26m B-double Route with Restrictions ——

Wallgrove Road and Horsley Drive are approved B-Double routes (25/26m length). Ferrers Road is approved
in the southbound direction only whilst Chandos Road has no approval for the use of 25/26m B-Doubles, or
19m B-Doubles.

The proposed modification is to utilise articulated vehicles no greater than 19m in length (e.g. 19m Semi-
trailer). This vehicle type is classified as a general access vehicle and therefore, falling with the required
weight and width requirements, does not require pre-approval for using Chandos Road under the National
Heavy Vehicle Regulator (NHVR).

3.1 Hydrogen Tube Trailers

Figure 1-3 depicts the hydrogen tube trailers which are approximately 29.7 tonnes in weight and no longer
than 19 metres in length. The prime mover and semi-trailer do not exceed 19 metres in length and is
therefore considered general access heavy vehicle and have unrestricted access to the road network
(subject to compliance with road geometry and swept paths etc).
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Previous assessment and consultation with FCC have proposed Route 2 (see Figure 3-1) as the preferred
route option due to safety concerns for vehicles making right turns from Wallgrove Road to Chandos Road
considering the traffic volumes on Wallgrove Road.

Chandos Road is a street that is signposted with 5-tonne load limit restrictions. Reference is made to
Australian Road Rules (no. 104) which specifies the following:

104 No trucks signs

3) The driver of a truck must not drive past a no trucks sign that has no information on or with it indicating a
mass or length, unless the driver is permitted to drive the truck on a route passing the sign under another law
of this jurisdiction.

(4) This rule does not apply to a driver if the destination of the driver lies beyond a no trucks sign and—
(a) there is no other route by which the driver’s vehicle could reach that destination, or

(b) any other route by which the driver’s vehicle could reach that destination would require the
vehicle to pass another no trucks sign.

It is noted that the Hydrogen Tube Trailer will exceed the GVM limit. The discussion with the Council during
the EIS stage was presented in Section 5 — Stakeholder and Community Consultation of the EIS (ELA 2019).
It is noted from the discussion with Council that the number of heavy vehicles using Chandos Road shall be
kept to a minimum as Chandos Road is a street that is signposted with 5-tonne load limit restriction. The
expected number of hydrogen trailer trucks assessing the site will be limited to approximately 3 movements a
week which is well within the current consent conditions and aim to minimise heavy vehicles using Chandos
Road as per FCC comments.

Furthermore, there is no other alternate route available to access the site that would otherwise avoid the
weight restriction. The movement of semi-trailers to / from the site is in accordance with previous discussions
held with Council on this matter as well as the Australian Road Rules.

Figure 3-1 Routes for hydrogen tube trailers to access the site
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\\cardno.corp\globa\AU\NSW\DirectoryStructure\Projects\800\FY21\059_ WESTERN SYDNEY GAS TIA\Report\80021059_WSGP Traffic Statement_v02.docx



29 March 2001 . O Cardno

4 Traffic Generation Impacts

There are minimal traffic generation changes from the previous assessment. It has been assumed that
construction traffic and transport impacts will be within those identified within the previous TTM 2019
assessment.

4.1 Light vehicles

The TTM 2019 assessment has assumed the high-pressure gas facility will continue to be unmanned and
require infrequent vehicular access as per existing conditions. It is expected that there will be no change to
this due to the proposed modification.

4.2 Trucks and Service Vehicles

The proposed modification will provide on-site hydrogen cylinder refilling point and fuel cell. The expected
number of hydrogen trailer trucks assessing the site will be limited to approximately 3 vehicles a week. The
trucks are not expected to park on site other than to refill. A swept path analysis has been conducted to
demonstrate the trailer trucks accessing, refilling and exiting the site location in Appendix A. The driveway
access on Chandos Road may require minor widening to ensure dilapidation of the layback does not occur,
whilst internally the loading and turnaround facility is compliant for the articulated truck.

The driveway layback design stipulated in AS2890.2 is based on street access being a 6.5m wide two-way
carriageway and a 20m long articulated vehicle as the design vehicle. Chandos Road is approximately 6.5m
in width and therefore indicates that the standard driveway design based on AS2890.2 would be suitable

AS2890.2 states that on a minor public road, vehicles hall be able to enter and leave the access driveway
without infringing on the boundaries of the roadway. Relevant authorities may place further limits and
controls on the extent to which movement across the centre-line of the roadway is allowed.

The Standard does acknowledge that under minimum driveway design, Articulated Vehicles will take up
most of the public road width when turning left into or out of the driveway, as will the Heavy Rigid Vehicle
(HRV) when turning out.

The low frequency of hydrogen trailer vehicles also results in the highly unlikely scenario of two semi-trailers
on-site at any one time. There is sufficient passing opportunity on the internal access road if the need arises
to avoid a stationary hydrogen trailer waiting to enter the refilling area.

Wastewater removal trucks are expected to remove wastewater from site as reported in the previous
assessment. The wastewater removal trucks will be smaller than a standard 12.5 metres Heavy Rigid
Vehicle (HRV). There will be up to 3 trucks per month accessing the facility which is consistent with the
previous EIS and is unlikely to change as a result of the proposed modification

4.3 Construction vehicles

Construction activity document within the EIS (ELA, 2019) and movements contained in the TMP (TTM,
2020) will remain unchanged as part of the proposed modification. During the peak of construction phase,
there will be up to 36 trips generated by a maximum of 10 light vehicles and 8 heavy vehicles per day.

4.4 Cumulative Impact Considerations

The proposed modification, resulting in some 3 vehicles per week, is relatively low and less than the
previously assumed 3 buses per day. The previously considered cumulative impacts within the TTM 2019
and ELA 2019 assessments and resulting approvals remain valid. The proposed modification is unlikely to
result in adverse cumulative impacts.
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5 Conclusion

Cardno has been engaged by ELA to prepare a traffic impact assessment to support the modification in land
use for the WSGGP. The key findings of this assessment are:

Traffic generation due to the usage of hydrogen tube trailers (semi-trailers) in place of buses (HRV)
remains largely the same as the previous traffic impact assessment. The current consent condition
permits up to 3 vehicle trips by buses per day. The proposed modification results in up to 3 vehicles per
week, representing a lesser impact in terms of traffic generation potential.

During the peak of construction phase, there will be up to 36 trips generated by a maximum of 10 light
vehicles and 8 heavy vehicles per day. This reflects no change as a result on the modification application.

The internal turn around area for the refilling point requires widening of either the inner radius or outer
radius to accommodate the semi-trailer swept path. This can be addressed as part of the detailed design
of the site.

The driveway onto Chandos Road may require minor widening of the driveway layback. If wheel paths
traverse over the concrete driveway into the Chandos Road gutter / drainage area there may be ongoing
deterioration of the driveway edge.

Chandos Road has existing weight restrictions (5 GVM). There is no other alternate route available to
access the site that would otherwise avoid the weight restriction. The movement of semi-trailers to / from
the site is in accordance with previous discussions held with Council on this matter as well as the
Australian Road Rules (which permits this access given the location of the destination site).

Overall, the proposed modification in on-site operations resulting in the use of semi-trailers rather than buses
will not result in adverse road conditions. The traffic generated under the proposed modification is likely no
greater, and in most cases less than, what was previously assessed and approved. The use of the preferred
route to Chandos Road via Ferrers Road and Horsley Drive avoids the previously identified intersection of
Wallgrove Road / Chandos Drive which is understood to have road safety issues, which is consistent with
the original EIS.

Yours sincerely,

/s
S
Vays
Hayden Calvey
Traffic Engineering Team Leader
for Cardno
Direct Line: +61 2 9024 7093
Email: hayden.calvey@cardno.com.au
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