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1 INTRODUCTION 

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, 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 (microturbine) 

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: 

 500 kW electrolyser package (including water treatment system, hydrogen production, 

hydrogen purification, cooling system and analyser systems) 

 Waste water disposal system 

 Hydrogen storage pipeline 

 Natural gas network injection package (including provision for natural gas withdrawal) 

 Gas panel package (for regulating hydrogen flow to other users) 

 Gas fuelled generator package (capable of running on natural gas and, in the future, hydrogen) 

 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 a future additional 500 kW electrolyser stack and associated additional 

100 Nm3/h of hydrogen gas (double capacity) 

 Electrical supply from 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 balance of plant. 

Revision 1 of this document covers a second HAZOP workshop that was held subsequent to the initial 

workshop following provision of vendor package information and a small number of minor scope 

changes. 
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2 SCOPE OF STUDY 

The scope and methodology adopted for the HAZOP study was communicated to participants prior to 

the workshop by means of a Participant’s Briefing, attached in Appendix 3. 

The scope of this project included within the first HAZOP workshop was balance of plant equipment, as 

follows: 

 The waste water disposal system 

 Hydrogen storage pipeline 

 Natural gas network injection package 

 Gas panel package, and 

 Plant interfaces to mains water and natural gas distribution network. 

The second workshop covered the following: 

 The fuel gas supply to the microturbine repurposed as a hydrogen supply to the fuel cell 

 Instrument air distribution system 

 Natural gas supply to the microturbine 

 Hydrogen compressor package suction line 

 Hydrogen compressor package discharge line to cylinder filling, and the 

 Nitrogen supply line. 

The scope of this project excluded from the HAZOP workshops is as follows: 

 Electrolyser package 

 Gas fuelled microturbine generator package 

 Hydrogen refuelling station package (future), and 

 Hydrogen cylinder filling package. 

These aspects shall be reviewed as part of subsequent dedicated formal studies. 

A HAZID study was also conducted in this workshop as a basis for the Hazard Analysis required to be 

submitted to the NSW Government. The guidewords used can be found in Appendix 4. 

Prior to this HAZOP a 30% design review had been conducted. 

The following was assumed or used as the basis in the HAZOP: 

 That the P&IDs of the existing facilities are true and correct. 

 The vendor supplied information about the various packages is adequate for the purpose of the 

balance of plant review. 
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3 METHODOLOGY 

The methodology adopted for this HAZOP is based on a facilitated workshop environment, whereby the 

facilities were broken down into small defined sections or “nodes” and reviewed via prompts from a 

selected guideword set.  

The facilitator worked through the nodes and guidewords, encouraging constructive discussion from 

workshop attendees. Formal minutes of the workshop were taken, recording all key discussions and any 

actions identified. Actions were assigned to responsible persons or organisations.   

The key findings are recorded in the formal minutes attached in Appendix 1  

The minutes were reviewed by the HAZOP study team, allocation of the action item responsibilities was 

completed and priority categories assigned as detailed in Table 1. 

Table 1: HAZOP Action Priority Categories 

Priority Description 

1 Prior to design completion 

2 Prior to commissioning 

3 Post-commissioning 
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4 STUDY TEAM 

The study team comprised the following personnel with their responsibilities in relation to this project 

outlined below. 

The first workshop took place on 25-26 July 2019. 

Table 2: HAZOP Study Team Members – First Workshop 

HAZOP Team Member Position/Role Company 

Lisa Hein  Chairperson / Facilitator GPA Engineering  

Nick Kastelein Mechanical Engineer GPA Engineering 

Briony O'Shea Senior Project Manager GPA Engineering 

Daniel Krosch Mechanical Engineer GPA Engineering 

Sam Hatwell Process Engineer GPA Engineering 

Steve Drinkald Senior Project Engineer (E&I, Elec) GPA Engineering 

Nathan Tickle Mechanical Technical Officer Jemena 

Paul Dixon E&I Technical Officer Jemena 

Frank Libri Commissioning Manager Jemena 

Norman Sim Prn. Mechanical Engineer Jemena 

Andrew MacKay Prn. Process Engineer Jemena 

Mark Rathbone Snr. Project Manager Jemena 

Aldo Pace Project Manager Jemena 

James de Gois Projects / Engineering ANT 

Marcoen Stoop Sales Director ANT 

Leon Terenyi Project Engineer Hydrogenics 

Alistair Wardrope Technical Lead Jemena 

J.P. Van Der Vyer Principal E&I Engineer Jemena 

Bessim Geusher O&M Integration  Jemena 

 

The second workshop took place on 4 and 12 August 2020. The team is listed below. 
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Table 3: HAZOP Study Team Members – Second Workshop 

HAZOP Team Member Position/Role Company 

Francois Lambrechts  Chairperson/Facilitator GPA Engineering  

Josh Wickham (P/T) Project Manager GPA Engineering 

Astrid Bealing Senior Process Engineer GPA Engineering 

Nick Kastelein Mechanical Engineer GPA Engineering 

Cameron Ryan Senior Mechatronics Engineer GPA Engineering 

Jason Dini Senior Electrical Engineer GPA Engineering 

Alistair Wardrope (P/T) Technical Lead Jemena 

Nathan Tickle (P/T) Mechanical Technical Officer Jemena 

Paul Dixon (P/T) E&I Technical Officer Jemena 

Norman Sim (P/T) Principal. Mechanical Engineer Jemena 

Andrew MacKay (P/T) Principal Process Engineer Jemena 

Rahul Dorairaj (P/T) H&S Advisor Jemena 

Craig Dugan (P/T) Chief Executive Officer Optimal 

Mathew Moore (P/T)  Optimal 

Chris Rouse (P/T)  Coregas 

Wodek Jakubik (P/T) Innovation Manager Coregas 

Donald Guan (P/T) Applications Engiineer Ballard 
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5 DISCUSSION OF FINDINGS 

The overall process was successful in achieving the objectives of the study. The study team possessed 

the necessary experience and knowledge to be able to address the majority of the issues at the time 

within the confines of the meeting. 

Where information was not adequate, actions have been assigned to GPA Engineering, Jemena or 

vendor personnel to follow up and obtain further clarification. 

The study is considered to be at a 90% design completion and no further safety in design reviews are 

planned. Several other safety in design reviews have already been completed, including:  

 60 and 90% design reviews 

 Pipeline Safety Management Study (SMS) 

 Vendor HAZOPS for the Electrolyser and Gas Fuelled Generator Packages 

 Layer of Protection Analysis (LOPA) / Safety Integrity Level (SIL) review 

 Human Factors Review (as part of the model review) 

 Constructability review (as part of the model review) 

 Environmental Impact Statement 

 Noise Study, and 

 A preliminary hazard analysis (PHA) prepared in accordance with the NSW Planning 

Department’s Hazardous Industry Planning Advisory Paper No. 6, ‘Hazard Analysis’ and Multi-

level Risk Assessment. 

Key aspects of the process design and the layout of the facility have been finalised to approximately 

90% overall, although aspects of the additional/new scope relating to the hydrogen compressor, cylinder 

filling package, microturbine, fuel cell and natural gas/nitrogen supplies were not confirmed yet, as 

vendor details were not fully available. The design was progressed enough, however, that a HAZOP 

was considered appropriate in finalising requirements to be included in the final design.   

Details of all discussions and findings are presented in the formal HAZOP study minutes attached in 

Appendix 1.  

Key issues that may significantly impact on the final system design, implementation and operation are 

summarised below. This information is prefixed with the following notable physical properties of 

hydrogen and oxygen:  

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. The hazardous area associated with hydrogen (that is, the region in which a flammable 

atmosphere may exist) is therefore relatively small. 

Prolonged exposure to hydrogen can affect some materials to compromise their mechanical properties. 

In particular, steel and other metals experience hydrogen embrittlement. Hydrogen embrittlement results 

in a reduced tolerance to defects and a reduction in fatigue life; this can be accommodated in design by 

ensuring that materials are defect-free, 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 
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concentration, pressure, the chemical composition of the material, stress level, metal tensile strength, 

grain size and microstructure.1 

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 be the result 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. 

Overview of key actions:  

Leak prevention and management 

 To manage the integrity of the piping and equipment in the facility, above ground piping is 

stainless steel which is more resistant than carbon steel to H2 embrittlement. All piping, 

including buried, has been design as ‘no rupture" and uses a low design factor and relatively 

low-strength grade (X52) material (guidance as per ASME B31.12) to ensure low stress 

conditions protecting against rupture due to H2 embrittlement. There is an action to further 

review requirements relating to hydrogen-assisted fatigue crack growth (HA-FCG) relating to 

defect inspection, weld defect tolerances, and monitoring. 

 To ensure integrity of soft materials e.g. Swagelok fittings, gaskets, hot-tap O-rings, insulation 

joints, instrument seals instrumentation in hydrogen service, there is an action to confirm with 

vendors their compatibility with hydrogen.    

 To further reduce likelihood of large leaks, review potential alternatives for mechanical 

connections on large diameter joins. 

 Although separate from hydrogen leaks, actions were also raised to check for materials impact 

through cooling of natural gas due to expansion, which could lead to weakened materials, 

rupture, fire and then escalation due to fire impact on nearby or adjacent hydrogen piping and 

equipment. 

 

Leak Detection 

 Add a short-term isolation function, which shuts in the system for 15 minutes and monitors 

pressure change during shut-in to detect leaks. Include the function as a routine test in 

operating procedures. 

 A low pressure trip or rate-of-change trip PALL-06015 downstream of the electrolyser will be 

added to shut down the electrolyser in the event of a leak/rupture. 

                                                      

1 https://www.energy.gov/sites/prod/files/2014/03/f12/fcm01r0.pdf 
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 Hydrogen detectors will be made a requirement for all personnel entering site. Hydrogen 

detectors will be installed in the electrolyser building and there is an action to install a hood with 

a hydrogen detector over the gas panel and any other equipment with high potential for leaks.  

 Determine the requirement for an oxygen detector in the electrolyser building – both for leak 

detection (high oxygen) and nitrogen leak (low oxygen), 

 Hydrogen leak detection is required to initiate a local beacon/siren at the site entrance gate to 

alarm on hydrogen detection so that operators do not approach faulted equipment. Make siren 

interlock with gate (so only alarms if someone is there). 

 Create a leak response procedure for hydrogen leak detection.  

 Determine requirements for an infrared camera to be installed on site as hydrogen flames are 

not visible in the daylight. Provide Infrared cameras for personnel entering the site.   

 Determine if any further fire detection is required.  

 For oxygen and hydrogen vents: determine if gas breakthrough is feasible from the electrolyser 

oxygen or hydrogen streams into the drains/waste water system. If breakthrough is possible, 

conduct a LOPA/SIL study on low level instrumentation.  

 Confirm SIL rating requirements of exhaust fan failure detection as well as H2 and O2 detection 

in the building. 

 A particular scenario was checking for leaks following maintenance or temporary shutdowns, as 

these may not receive the same level of scrutiny as commissioning and initial construction. It 

was pointed out that hand held gas detectors may be more sensitive, and therefore better able 

to detect even small leaks, than permanently installed gas detectors which should not be relied 

upon for testing flanges and joints. 

 

Oxygen 

 Hydrogenics to provide input from package HAZOP on management of oxygen risks.  

 Oil and grease are particularly hazardous in the presence of oxygen as they can ignite 

spontaneously. They should never be used to lubricate oxygen or enriched-air 

equipment.  Special lubricants which are compatible with oxygen must be used. Hydrogenics to 

specify and provide any oil/grease in this service.  

 

Ignition Control  

 Design of all vents to be made non-sparking. Vents also to be routed to safe location, including 

using dispersion models to make sure vented gas will not impact on nearby equipment. 

 Determine if any modifications to Jemena's existing ignition control management procedures 

are required such as hot work permit system, antistatic clothing requirements or non-sparking 

tooling. 

 Specify access control requirements for the electrolyser package.  

 Any air left in hydrogen facility equipment after construction or maintenance can result in an 

explosive atmosphere on start-up. Prepare a commissioning plan for quality, with focus on 

pipeline cleanliness and dryness. Strict use of nitrogen purging after maintenance to be 

enforced in hydrogen service, and included in all start-up/re-commissioning operating 

procedures. 

 

Product Specification 

 There is a scenario where an incorrect false high reading from the  natural gas flow meter at the 

upstream pressure reduction metering station could result in higher hydrogen flows, resulting in 

high concentrations of hydrogen in the pipeline stream (higher than the upper limit agreed with 
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the technical regulator). In the extreme case, if a near pure slug of hydrogen enters the 

secondary gas main, which some customer appliances are not suitable for, a flame out could 

result and an explosive atmosphere could accumulate. There is an action to conduct a 

LOPA/SIL study to determine safety integrity requirements for flow metering to prevent over 

injection of H2 into the gas mains.   

 Add low natural gas flow shut-off of hydrogen injection, so that there is a minimum NG flow 

required to be injecting.  

 Microturbine cannot accept natural gas with more than 17 % hydrogen (as mentioned in the 

HAZOP – note that this is different from the fuel requirements specification, document 410002H 

TR Fuel Requirements, that quotes a maximum of 1%; it is understood that the higher value is 

the limit to prevent damage, as opposed to ensuring stable operation, and will be confirmed with 

the OEM). When the future connection to the hydrogen supply is made, it must only be 

connected once operation on hydrogen has been certified, and the connection from the natural 

gas supply has been removed (not just isolated). 

 

Overpressure  

 Hydrogen supply could potentially overpressure the natural gas line – high pressure shutdowns 

are in place in the design. Conduct a review (LOPA/SIL) of overpressure safety equipment, with 

consideration to integrity level required and ensure compliant with Jemena's existing design 

requirements for JGN.  

 The hydrogen compressor produces a very high pressure hydrogen stream used to fill 

cylinders. It is important that the correct rating cylinders are delivered and checked, and 

appropriate overpressure protection is fitted, including reconsidering bursting discs that will 

result in a large uncontrolled hydrogen release if they burst. 

 Similarly, natural gas and nitrogen cylinders are typically at much higher pressure than the 

systems they will feed. Uncertainty in the supply information may result in inadequate 

overpressure pressure (and regulation) protection; care is to be taken when specifying the 

connections and the scope of design to ensure no item is missed during design and 

construction and subsequent operation. 

 

Maintenance  

 Special materials suitable for hydrogen and or oxygen service are required. Jemena is to 

develop a critical spares management program for the facility.   

 Sparing philosophy to ensure that natural gas service components are not used in hydrogen 

system when incompatible, or nitrogen components in hydrogen or natural gas service, and vice 

versa. 

 

Training and Competency  

 Hydrogen production is new to Jemena. Jemena are to develop competency based training 

module for the new facility. Make competency based training a requirement for all hydrogen 

service operators. Create register for management of accredited personnel. 

 

Waste Water 

 Conduct review to minimise wastewater production. Design pre-filtration system to reduce 

waste water production rate from RO system.  
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 Sizing basis for on-site water inventory is 5 m3 currently. Preferred sizing basis is the duration 

between load-out and size of load-out truck (e.g. 18 m3). Finalise sizing requirements for input 

into Environmental Impact Statement.  Look at options to reduce water consumption and waste; 

on-site use optional. 

 

Commissioning 

 There will be a number of different packages from various suppliers ultimately commissioned at 

the same time. The potential exists that conflicts arise that could result in hazards being missed. 

A commissioning coordination plan is to be produced with the aim of ensuring that the various 

parts are commissioned and started up in such a way that everyone is clear on the plan, the 

steps, and the schedule. 
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6 CONCLUSIONS 

The study was able to adequately review the design of the systems associated with the WSGGP, which 

is estimated to be at 90% completion. 

The review concluded that, in most respects, the proposed designs were in accordance with 

requirements of the applicable industry standards and that the design had been documented and 

completed to the point where the Study Team was confident in the successful implementation of the 

project. 

However a number of key issues requiring final resolution were identified. These have been described 

in detail in Section 5. Additionally – it is strongly recommended that the package vendors – 

ANT/Hydrogenics, Coregas, Ballard and Optimal – provide HAZOP reports/closeouts for their 

equipment, and further specific input into the design as required to close out HAZOP action items and 

fully detail the remaining balance of plant design.  

A detailed close-out review is essential in guaranteeing that all design and safety objectives are met 

following final detailed design and construction.  

All HAZOP study actions must be closed out prior to system commissioning and the requirement for 

further formal reviews assessed during the project implementation as the detailed design develops. 

Any further HAZOP will depend on the magnitude of the changes from the design assessed in this 

HAZOP.  
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APPENDIX 1 FORMAL STUDY MINUTES 
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1 SCOPE 

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 Trial (WSGGT), 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, 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: 

· Electrolyser package (including water treatment system, hydrogen production, hydrogen 

purification, cooling system and analyser systems) 

· Waste water disposal system 

· Hydrogen storage pipeline 

· Natural gas network injection package (including provision for natural gas withdrawal) 

· Gas panel package (for regulating hydrogen flow to other users) 

· Gas fuelled generator package (capable of running on natural gas and, in the future, hydrogen) 

· 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 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 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: 

· A hydrogen 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.  
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2 HAZOP/CHAZOP METHODOLOGY 

2.1 GENERAL 

The methodology adopted for this HAZOP shall be based on a workshop environment attended by key 

personnel representing the operations, maintenance and engineering teams. Given the current travel 

restrictions associated with COVID-19, the workshop will be facilitated via Microsoft Teams. 

The HAZOP is intended to be a detailed study dealing with the specific process, control and interface 

issues related to the proposed Western Sydney Green Gas Trial project. 

The workshop shall focus on each aspect of the process individually; the facilitator will use a set of 

guidewords to prompt and promote discussion between participants. Guidewords shall be based on the 

Orica system of guidewords, as attached in Appendix 1. 

The hazards and any key issues identified during the workshop shall be recorded in formal minutes and 

presented in a tabular format. 

The workshop shall progress in the following order: 

· General overview of the scope of the project. Boundaries for the study shall be established and 

interface points between existing and new systems clearly defined. 

· Overview of the facilities/changes to facilities, the processes and control philosophies. 

· A detailed review of each process subsystem as defined in Section 3 as nodes. An overview of 

the function of each subsystem shall take place followed by the nodal analysis utilising the 

standard guidewords. 

· Following completion of the nodal review, general hazard identification for the proposed facility 

layout will be undertaken and any other generic operational issues discussed utilising the set of 

standard overview guidewords. 

· Review of minutes and allocation of action item responsibility. 

2.2 PROCESS REPRESENTATION 

In order to apply guidewords and carry out a systematic analysis of the system a representation of the 

facility must be used.  

The facility is represented using drawings and documents from the following categories:  

· Process Flow Diagrams (PFD) 

· Process and Instrumentation Diagrams (P&ID) 

· Mechanical layout drawings, and 

· Control system philosophy. 

A complete list of documentation referenced for this study is provided in Appendix 2. 

3 NODE DEFINITIONS 

The HAZOP study will proceed by making use of guidewords, as appropriate, to analyse the following 

subsystems and attributes. The node definitions shown in black in Table 1 were those used in the 
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original HAZOP. Nodes shown in colours other than black are those that have been prepared for use in 

this study. These nodes are a combination of new nodes and updates of original nodes. 

Table 1 - HAZOP node definitions 

NODE DESCRIPTION 

1 

Description: Electrolyser outlet, hydrogen storage pipeline and bypass 

Drawings: P2G-2099-DW-PD-005, P2G-2099-DW-PD-006, P2G-2099-DW-PD-004 

Plant and Equipment: EYX-H01001, FG-H03001, PIT-06015, FG-H02001, XSV-06001, 

PIT-03016, XSV-03001 

Line: HG-H01001-SH3D-25, HG-02001-SH3D-25, HG-02001-CH5D-500, G-H02003-

SH3D-25 

2 

Description: Electrolyser Package Water Supply 

Drawings: P2G-2099-DW-PD-005 

Plant and Equipment: EYX-H01001 

Line: PW-H01001-C1TD-50 

3 

Description: Waste Water Disposal System 

Drawings: P2G-2099-DW-PD-005 

Plant and Equipment: T-H01002, P-H01001, T-H01001, LSHH-01005, LIT-01004, PI-

01001, LIT-01002, LSHH-01003 

Line: n/a 

4 

Description: Electrolyser Vents 

Drawings: P2G-2099-DW-PD-005 

Plant and Equipment: EYX-H01001 

Line: n/a (oxygen vent and hydrogen vent) 

5 

Description: Natural Gas Distribution Network Injection Run 

Drawings: P2G-2099-DW-PD-004 

Plant and Equipment: FG-H02001, XSV-06001, PI-06002, FV-06003, PIT-06005, PIT-

06006, TIT-06007 

Line: HG-06001-SH3D-25 

6 

Description: Natural Gas Distribution Network Withdrawal Run 

Drawings: P2G-2099-DW-PD-004, P2G-2099-DW-PD-006 

Plant and Equipment: FG-H02001, XSV-06011, PIT-06008, FG-H03001, XSV-03003 

Line:G-H02003-SH3D-25, G-H02001-PE HOLD-50, G-H02001-SH3D-25 

7 

Description: Gas Fuelled Generator Package Hydrogen Pressure Regulation Run 

Drawings: P2G-2099-DW-PD-006, P2G-2099-DW-PD-003 

Plant and Equipment: XSV-03001, PI-03003, PCV-03017, PI-03018, PCV-03019, PIT-

03006, UT-03007, TE-03007, GX-H09001 

Line: HG-H09001-SH3D-25, G-H09003-SH3D-25 
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NODE DESCRIPTION 

8 

Description: Gas Fuelled Generator Package Natural Gas Pressure Regulation Run 

Drawings: P2G-2099-DW-PD-005 

Plant and Equipment: XSV-03003, PI-03009, PCV-03020, PI-03021, PCV-03022, PIT-

03012, UT-03013, TE-03013, GX-H09001 

Line: G-H09001-SH3D-25, G-H09003-SH3D-25 

 

Note: Node 8 will be reviewed during this HAZOP. This node has been repurposed 

to regulate hydrogen to the target pressure for both the micro turbine and fuel 

cell. The updated details on this node are below: 

 

Description: Hydrogen Fuel Cell supply line (review) 

Drawings: P2G-2099-DW-PD-003, P2G-2099-DW-PD-006,  

Plant and Equipment: XSV-03002, PI-03003, PCV-03004, PI-03005, PCV-03012, PIT-

03006, UT-03007, TE-03007, GX-H08001 

Line: HG-H03004-SH3D-25, HG-H09001-SH3D-25, HG-H08001-SH3D-25 

9 

Description: Natural Gas Distribution Network Instrument Gas Offtake 

Drawings: P2G-2099-DW-PD-004 

Plant and Equipment: F-HOLD, PCV-06014, PI-06013, PSV-06012 

Line: n/a 

10 

Description: Instrument Air Balance of Plant  

Drawings: P2G-2099-DW-PD-005, P2G-2099-DW-PD-003, P2G-2099-DW-PD-006, 

P2G-2099-DW-PD-007, P2G-2099-DW-PD-008 

Plant and Equipment: PCV-03014, PI-03016, PSV-03015 

Line: IA-H10007-SH3D-15, IA-H03003-SH3D-15, IA-H03005-SH3D-15, IAH07002-

SH3D-15, IA-H09004,SH3D-15 

11 

General Hazard Identification and Facility Overview 

Drawings: P2G-2099-DW-PD-001, P2G-2099-DW-PD-002, P2G-2099-DW-PD-004, 

P2G-2099-DW-PD-005, P2G-2099-DW-PD-006 

12 

Description: Micro turbine natural gas supply line 

Drawings: P2G-2099-DW-PD-007 

Plant and Equipment: N/A 

Line:G-H09003-SH3D-25, G/HG-H09002-SH3D-25 

13 

Description: Hydrogen Compressor package supply line   

Drawings: P2G-2099-DW-PD-006, P2G-2099-DW-PD-007 

Plant and Equipment: XV-03008, F-03010, PI-03009 

Line: HG-H03006-SH3D, HG-H07001-SH3D-25 

14 

Description: Hydrogen Compressor discharge line   

Drawings: P2G-2099-DW-PD-007 

Plant and Equipment: PIT-XXXX, XSV-07001, PIT-XXXX 

Line: HG-H07003-SHXD-25 

15 

Description: Electrolyser Nitrogen supply line 

Drawings: P2G-2099-DW-PD-005, P2G-2099-DW-PD-007 

Plant and Equipment: PCV-XXXX, PI-XXXX, PSV-XXXX 

Line: N-H01010-SHXD-25 
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NODE DESCRIPTION 

16 

General Hazard Identification and Facility Overview (review) 

P2G-2099-DW-PD-001, P2G-2099-DW-PD-003, P2G-2099-DW-PD-004, P2G-2099-

DW-PD-005, P2G-2099-DW-PD-006, P2G-2099-DW-PD-007, P2G-2099-DW-PD-008 
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4 PROPOSED WORKSHOP AGENDA 

The second workshop will be held via Microsoft Teams on the 4th August 2020. 

A proposed agenda for the workshop is detailed below. 

The agenda may vary depending on the detailed discussions required to fully understand the hazard, 

controls or any additional topics identified by the workshop facilitator or participants. 

4th  August 2020 HAZOP 

8:45 to 9:00 Join Microsoft Teams meeting  

9:00 to 9:15 Introductions and overview of  HAZOP workshop methodology  

9:15 to 9.30 

Project Scope Changes Overview: 

1. Removal of natural gas supply 

2. Addition of hydrogen fuel cell 

3. Addition of hydrogen compression package and associated cylinder filling 

9.30 to 10:00 Node 8 – Hydrogen Fuel Cell supply line (review of existing HAZOP node) 

10:00 to 10:30 Node 12 – Micro turbine Natural Gas Supply line 

10:30 to 10:45 Break 

10:45 to 11:30 

Node 10 - Instrument Air Balance of Plant 

Note: Optimal participation is required for nodes 8, 12 and 10. Ballard participation is 

required for nodes 8 and 10. Following completion of these nodes Optimal and 

Ballard personnel are permitted to leave the meeting. 

11:30 to 12:00 Node 13 - Hydrogen Compressor package supply line   

12.00 to 12:45 LUNCH  

12:45 to 13:15 

Node 14 - Hydrogen Compressor package discharge line   

Note: Coregas participation is required for nodes 10, 13 & 14. Following completion 

of these nodes Coregas personnel are permitted to leave the meeting. 

13:15 to 13:45 Node 15 – Electrolyser Nitrogen Supply line  

13:45 to 14:00 Node 16 - General Hazard Identification and Facility Overview (review) 
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APPENDIX 1 HAZOP GUIDEWORDS 

The following Guidewords shall be used by the HAZOP facilitator to promote discussion between the 

participants.  

Formal minutes record any action items arising out of the detailed review. Where no specific issue is 

identified in relation to a guide word, a specific minute item may not be recorded. 

Nodal Analysis Guidewords 

HIGH FLOW / HIGH LEVEL 

LOW FLOW / LOW LEVEL 

ZERO FLOW / EMPTY 

REVERSE FLOW 

HIGH PRESSURE 

LOW PRESSURE 

HIGH TEMPERATURE 

LOW TEMPERATURE 

IMPURITIES (Gaseous, Liquid, Solid) 

CHANGE IN COMPOSITION (Gaseous/Liquid/Solid, Two phase flow) 

CHANGE IN CONCENTRATION 

REACTIONS 

TESTING (Equipment, Product, Effluent, Sample points) 

OPERABILITY / MAINTAINABILITY 

ELECTRICAL (Hazardous area classification, Isolation, Earthing) 

INSTRUMENTS (Sufficient for control, Too many/few, Correct location, Consistent philosophy, Control 
separate from shutdown/trips) 
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Overview Guidewords 

TOXICITY 

UTILITIES / SERVICES – Air, Instrument air/gas, Nitrogen, Water, Electric power generation and 
distribution, Fuel, Flare access, Drains, etc. 

FLARE / VENT CAPACITY – Does the proposed design affect the flare/vent design cases? 

FUEL GAS (Changes in composition and heating values, suitability for the installed gas engine and gas 
turbine drives). 

UPSTREAM / DOWNSTREAM PLANT IMPACTS – Have they been traced far enough, identified and 
satisfactorily resolved? 

MIXTURES – If different gas streams are mixed in the process, can the plant handle the full range of 
combinations of the individual gas streams? 

MATERIALS OF CONSTRUCTION (Vessels, Pipelines, Pumps, Other items) 

COMMISSIONING 

START-UP (First start-up, Normal start-up, start-up after abnormal shutdown) 

SHUTDOWN (Isolation, Purging, Potential for abnormal operating conditions or compositions) 

BREAKDOWN (Power Failure, Air, Steam, Water, Vacuum, Fuel, Vents, Computer, etc. - consider 
required direction of valve movement) 

EFFLUENT (Gaseous, Liquid, Solid - consider possibility of reactions and treatment methods) 

NOISE / VIBRATION 

FIRE 

EXPLOSION 

SAFETY EQUIPMENT (Personal, Fire Detection, Fire Fighting, Means of Escape) 

QUALITY AND CONSISTENCY (What will cause quality to fail or vary?) 

EFFICIENCY - Losses (Where will we lose material, conversion, etc?) 

SIMPLICITY (Can anything be removed or simplified?) 
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APPENDIX 2 REFERENCE DOCUMENTATION 

The following drawings and documents have been utilised during the preparation for the HAZOP 

workshop. Red-line mark-ups of the P&IDs have been issued with this brief. Drafted revisions of these 

drawings will be available for the HAZOP. 

Document / Drawing Number Revision Description 

P2G-2099-DW-PF-001 F WSGGP Process Flow Diagram 

P2G-2099-DW-PD-003 0A WSGGP Gas Fuelled Generator & Fuel Cell Package 

P2G-2099-DW-PD-004 0A 
WSGGP Hydrogen Storage Pipeline and Natural Gas 

Distribution Network Injection Package 

P2G-2099-DW-PD-005 0A WSGGP Electrolyser Package  

P2G-2099-DW-PD-006 0A WSGGP Gas Panel Package 

P2G-2099-DW-PD-007 0A 
WSGGP Cylinder Cage & Hydrogen Compression 

Package 

P2G-2099-DW-PD-008 0A WSGGP Hydrogen Storage Pipeline 

18667-CAE-001 0A 

WSGGT Cause and Effects Matrix  

Note: This document has not been updated with the new 

scope items at the time of issuing this HAZOP brief. 

P2G-2099-DW-CV-001 0 Piping Key Plan 

P2G-2099-DW-PI-003 0A Piping Plan 3 

P185765A-IA-1 01 HyLYZER 200 Instrument Air Supply 

P185765A-IA-2 01 HyLYZER 200 Nitrogen Supply 

17012-DP-00001 1 C65 Microturbine – LPG System 

P2G-2099-DW-PD-011 / 

19002-DP-00002 
A Fuel Gas System (Microturbine) 

P2G-2099-DW-PD-012 /  

19002-DP-00003 
A Fuel Cell 

529768-001 B C65 Fuel System HP Gaseous 
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APPENDIX 4 HAZID - ENERGY SOURCE GUIDEWORDS 

Guideword Threat This Project 

Chemical Energy 

 Explosive reactions  Hydrogen 

 Oxygen 

 Natural gas 

 Corrosion reactions  Brine 

 Atmosphere / rain 

 Soil environment (buried) 

 Stray currents 

Thermal Energy  

 High temperature 

 Low temperature 

 Rapidly changing 

temperature 

 Natural gas decompression 

 Heating from compression 

 Electrolyser cooling systems 

 Generator combustion system 

 Ambient temperature 

Radiant Energy 

 Electromagnetic 

radiation 

 Ionizing radiation 

 Thermal radiation 

 Solar radiation 

 Electrical equipment / comm. 

equipment 

Elastic Energy / 

Compression 

 High pressure 

 Pressure differential 

 Elastic strain in 

components, such as 

springs 

 Energy of compression 

 Valve failure state 

Electrical Energy  

 High voltage 

 Accumulation of static 

charges 

 Site AC supply 

 Electrolyser DC supply 

 Generator output 

 Transformer / rectifier 

 Cathodic protection system 

 Static electricity 

 Turbine battery  

Kinetic Energy 

(Acceleration 

Deceleration 

Shock) 

 Change in velocity 

 Impact energy 

 Machine motion (linear, 

rotary, swinging) 

 Mechanical vibration 

 Vehicles 

 Generator moving parts 

 Valve/actuator moving parts 

 (construction phase) 

Gravitational Energy 

 Unsecured equipment at 

height 

 Work at height 

 Soil settlement 

 Liquid storage head 

 Stored water (pressure head) 

 Lifting (construction phase) 

Natural Energy 

 Lightning 

 Wind 

 Flood / rain 

 Seismic event / ground 

movement 

 Plants / weeds 

 Lightning 

 Wind 

 Flood/rain 

 Hail 

Noise Energy 

 High-noise equipment 

 Explosion 

 Continuous high noise 

source 

 Generator noise 

 Venting noise 

 Gas regulator noise 
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Guideword Threat This Project 

Controls & Controllers 

 Errors 

 Accidents 

 Intentional harm 

 System failure 

 Operators 

 Instrument air 

 Software 

Third Party Hazards 

 Any hazardous scenarios 

(esp. fire, explosion) from 

surrounding facilities 

 Adjacent gas facility 

 

Consequence / Affected party Guidewords 

Guideword Consequences This Project 

Harm to Humans / 

Biology 

 Asphyxiation 

 Disease 

 Toxicity 

 Temperature 

 Radiation 

 Strain / ergonomics 

 Shock 

 Operators and delivery 

personnel 

 Closed environment 

 Cooling water system 

(salmonella) 

Harm to Environment 

 Flora 

 Fauna 

 Waterways / water 

resources 

 Reject water (brine) 

 Plants/weeds 

Harm to Public / 

Community 

 Social nuisance 

 Interruption to services 

 Secondary gas main supply 

 H2 customers 

 Electricity customers 

 Noise pollution 

Harm to plant 

 Wear 

 Deterioration 

 Damage 

 Electrolyser 

 Generator 

 Control hut 

Harm to adjacent 

property  (third party) 

 Knock-on effects of 

hazards 

 Horsley park PRS 

 Pipeline risers / launchers 

Downstream / upstream 

effects 

 Interface requirements and 

protections 

 Contractual requirements 

 Secondary main composition 

 Generated electricity 

specifications 
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APPENDIX 5 ATTENDANCE REGISTERS  

Due to COVID-19 and completing the HAZOP remotely, the HAZOP minutes are the record of 

attendance for the second HAZOP. 
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