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FOREWORD

The intent of Design Standards is to specify requirements that assure effective design and delivery of fit for purpose
Water Corporation infrastructure assets for best whole-of-life value with least risk to Corporation service standards
and safety. Design standards are also intended to promote uniformity of approach by asset designers, drafters and
constructors to the design, construction, commissioning and delivery of water infrastructure and to the compatibility
of new infrastructure with existing like infrastructure.

Design Standards draw on the asset design, management and field operational experience gained and documented by
the Corporation and by the water industry generally over time. They are intended for application by Corporation
staff, designers, constructors and land developers to the planning, design, construction and commissioning of
Corporation infrastructure including water services provided by land developers for takeover by the Corporation.

Nothing in this Design Standard diminishes the responsibility of designers and constructors for applying the
requirements of the Western Australia's Work Health and Safety (General) Regulations 2022 to the delivery
of Corporation assets. Information on these statutory requirements may be viewed at the following web site location: 

Overview of Western Austral lth and Safety (General) Regulations 2022 (dmirs.wa.gov.au)

Enquiries relating to the technical content of a Design Standard should be directed to the Senior Principal Engineer
- Mechanical, Engineering Advisory Section, Engineering. Future Design Standard changes, if any, will be issued to
registered Design Standard users as and when published.

Head of Engineering

This document is prepared without the assumption of a duty of care by the Water Corporation.  The document is not intended to

be nor should it be relied on as a substitute for professional engineering design expertise or any other professional advice.

Users should use and reference the current version of this document.

© Copyright – Water Corporation: This standard and software is copyright.  With the exception of use permitted by the Copyright
Act 1968, no part may be reproduced without the written permission of the Water Corporation.

 

https://www.dmirs.wa.gov.au/sites/default/files/atoms/files/overview_general_regulations.pdf
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DISCLAIMER

Water Corporation accepts no liability for any loss or damage that arises from anything in the
Standards/Specifications including any loss or damage that may arise due to the errors and omissions of any person.
Any person or entity which relies upon the Standards/Specifications from the Water Corporation website does so that
their own risk and without any right of recourse to the Water Corporation, including, but not limited to, using the
Standards/Specification for works other than for or on behalf of the Water Corporation.

The Water Corporation shall not be responsible, nor liable, to any person or entity for any loss or damage suffered
as a consequence of the unlawful use of, or reference to, the Standards/Specifications, including but not limited to
the use of any part of the Standards/Specification without first obtaining prior express written permission from the
CEO of the Water Corporation.

Any interpretation of anything in the Standards/Specifications that deviates from specific Water Corporation Project
requirements must be referred to, and resolved by, reference to and for determination by the Water Corporat

project manager and/or designer for that particular Project.
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REVISION STATUS

The revision status of this standard is summarized by Table 1 below:

Table 1: Table of revisions

REVISION STATUS

SECT. VER./ 

REV. 

DATE PAGES 

REVISED 

REVISION DESCRIPTION

(Section, Clause, Sub-Clause)

RVWD. APRV.

1 2/0 13.12.12 All New Version BG AK

1 3/0 04.09.25 All New Version – Section

overhauled

BV SE

     

2 2/0 13.12.12 All New Version BG AK

2 3/0 04.09.25 All New Version – Section replaced BV SE

   

3 2/0 13.12.12 All New Version BG AK

4 3/0 04.09.25 All New Version – Section replaced BV SE

    

4 2/0 13.12.12 All New Version BG AK

4 3/0 04.09.25 All New Version – Section replaced BV SE

    

5 2/0 13.12.12 All New Version BG AK

5 3/0 04.09.25 All New Version – Section replaced BV SE

    

6 2/0 13.12.12 All New Version BG AK

6 3/0 04.09.25 All New Version – Section replaced BV SE

    

7 2/0 13.12.12 All New Version BG AK

7 3/0 04.09.25 All New Version – Section replaced BV SE

    

8 3/0 04.09.25 All New Version – Section added BV SE

    

9 3/0 04.09.25 All New Version – Section added BV SE

     

10 3/0 04.09.25 All New Version – Section added BV SE

     

11 3/0 04.09.25 All New Version – Section added BV SE

     

12 3/0 04.09.25 All New Version – Section added BV SE

12 3/0 22.09.25 111 Section 12.1 updated reference 

to old CTW process to

contractor work authority

IB BV

     

13 3/0 04.09.25 All New Version – Section added BV SE

     

14 3/0 04.09.25 All New Version – Section added BV SE

14 3/0 22.09.25 117 Sect 14.1 updated reference to 

old CTW process to contractor

work authority 

IB BV

     

APP A 2/0 13.12.12 All New Version BG AK

ANN I 3/0 04.09.25 All New Version – Annexure I (list

of prohibited practices) to

replace APP A

BV SE
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REVISION STATUS

SECT. VER./ 

REV. 

DATE PAGES 

REVISED 

REVISION DESCRIPTION

(Section, Clause, Sub-Clause)

RVWD. APRV.

     

APP B 2/0 13.12.12 All New Version BG AK

ANN II 3/0 04.09.25 All New Version – Annexure II

(Safety Datasheet for Digester

Gas) to replace APP B

BV SE

    

APP C 2/0 13.12.12 All New Version BG AK

ANN 

III

3/0 04.09.25 All New Version – Annexure III

(Cert. of Compliance for Type

B Appliances in Digester Gas

Applications) to replace APP C

BV SE

   

ANN

IV

3/0 04.09.25 All New Version – Annexure IV

(Standards Piping Specification

for Use in Digester Gas

Applications) added.

BV SE
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REVISION COMMENTARY

Brief revision summary and associated commentary can be found summarized in Table 2 below.

Table 2: Revision summary commentary

REV.

DATE

VER./ 

REV.

REVISION DESCRIPTION

Sept

2025

3/0 Revision included a major general overhaul of the standard. Notable changes
include:

• Update of definitions related to digester gas systems

• Incorporation of requirements associated with ANSI/CSA B149.6

• Improved clarity on compliance with the Gas Regulations

• Improved designer guidance relating to the selection and use of
appliances and apparatus

• Removal of operation and maintenance from the scope of the document.

May

2016

2/1 Revision included:

• Topics regarding required qualifications for installations, rework and
modifications to systems have been discussed with the Energy Safety
Principal Engineer Gas Utilisation.

• The conclusion is that by following a proper engineering process which
would include but would not be limited to –

- Engineering design 

- Risk Assessment

- Safety in Design report 

- HAZOP

• Modification or alterations to installations is allowable with the above
processes completed. This can include work on – process pipework,
apparatus such as compressors, scrubbers, condensate traps etc. Trades
workers should and the Supervision shall have relevant gas fitting
qualifications for this work.

• Modifications to Appliances (as defined in Definitions Section of this
document) are not the intention of this clarification. If this work is
required it would be mandatory to involve the manufacturer or a
suitably qualified gas appliance designer as these are Type B appliances
and subject to compliance with Australian Standards.

Year of issue of relevant Australian Standards has been removed. Users should refer
to the current issue of any standards referred to.

Minor editorial changes. 
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1 SCOPE AND GENERAL

1.1 Scope

Design Standard DS 92 (the Standard) sets out  standards, guidelines and preferred
engineering practices for design, construction, and commissioning of digester gas systems.

The emphasis of this document is the general mechanical, process, electrical, instrumentation & control,
safety and functional requirements of such systems and relies heavily on existing standards, both
national and the  internal standards, which are referenced accordingly.

Where such standards require amending for the purposes of digester gas systems, the scope of
amendment shall be covered herein as appropriate.

Although not the intention of the standard, operational and maintenance requirements are summarised
in Section 14 as informative. Operational and Maintenance requirements are managed by the applicable
operational entity.

1.2 Interpretation of Minimum Requirements

All clauses listed within the standard specifically directed as required by use of t ll

ll t” are considered a necessity and the Designer(s) and Construction Contractor(s) have an
obligation to deliver on those requirements as a minimum. Where such requirements are believed to be
not necessary; or if implemented would create or increase a risk to the Corporation, operational or
maintenance personnel, the asset or installation, or the environment; this belief along with justification
shall be formally brought to the attention of Custodian for determination and subsequent dispensation
that may or may not be subject to further conditions. The outcome shall be documented in the relevant
detailed design documentation (if determined prior to the delivery of detailed design documentation
issued for construction (IFC)), or in the relevant as-constructed deliverables (if determined during
construction after the delivery of the IFC detailed design specific to the issue raised).

In instances where the terms such as possibl practicabl l

it is the  expectation of the Designer(s) and Construction Contractor(s) that the specific
requirement to which they refer will be met in all circumstances other than where it can be demonstrated
that in specific instances, meeting the requirement would create or increase a risk to the Corporation,
operational or maintenance personnel, the asset or installation, or the environment. In such instances,
alternative engineering solutions will be agreed with  representative and shall be
documented in the relevant IFC detailed design deliverables. If such a risk is only identified after the
delivery of the IFC detailed design deliverables, the relevant as-constructed documentation, shall be
updated to include the risk identification and associated agreed resolutions.

In instances where terms such as  “may” llowed permitted” are used, the need for the
associated requirements are to the determined based on project specific conditions and along with
requirements above those necessitated by the Standard are known as Project Specific Requirements.
The determination for the inclusion of such requirements in the design and subsequent installation is
conferred to the  who, after consultation with relevant stakeholders shall
make the need for the specific requirement clear in the terms of the annexure to the executed instrument
of agreement. In some instances, the Representative may opt to forward such
determination to the Designer who shall be responsible for making the determination in consultation
with  and associated stakeholders.

Notes accompanying clauses do not include requirements or alternative requirements; the purpose of a
note accompanying a clause is to separate from the text explanatory or informative material.

Notes to tables and figures are considered part of the table or figure and shall be interpreted as
requirements where t ly, where a note to text, tables or figures are marked

tive” that note does not include requirements or alternatives to requirements and its purpose
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is to separate from the text within a table, or text or detail within a figure and serves as informal material
or explanatory.

Requirements listed in annexures are designated normative (mandatory) or informative (non-mandatory)
to define their application.

Where requirements of the Standard, or any refenced document therein, is considered ambiguous, the
reader shall submit a formal request for interpretation of the Standard. Any such request for clarification
request shall be forwarded to the Custodian along with the following information:

(a) define the problem, making reference to the specific clause, and, where appropriate, include an
illustrative sketch;

(b) provide an explanation of circumstances surrounding the actual field condition and/or project

specific requirement; and

(c) where possible, phrase the request in such a way that a specific "yes" or "no" answer will address
the issue.

The Senior Principal Mechanical Engineer, in consultation with the Standards Committee (if required),
shall review the request and offer a response of clarification in accordance with 
guidelines to the response of interpretations.

NOTES: 

1. Informative: The term “relevant IFC” detailed design deliverables used above is to mean design deliverables
including, but not limited to the Safety in Design Report, Engineering Summary Report, Detailed Design
Report, relevant design drawings, supplementary reports, technical memorandums, calculations, schedules,
datasheets, and technical specifications developed and issued as final for the purposes of construction.

2. Informative: The t levant as-constructed deliverabl to mean all the IFC detail design

deliverables updated to be representative of the constructed installation but is also to include a complete
Manufact ta Record (MDR).

1.3 Purpose and Intent

1.3.1 General

The  mechanical, electrical and SCADA design requirements are documented in its DS
30, DS 20, and DS 40 Standards series respectively.

Designers shall comply with these standards for the design and specification of mechanical, electrical
and SCADA components of the Corporation  assets.

The purpose of the individual Design Standards series is to provide specific standards
and explanatory guidelines applicable to the design of the Corporation  assets.

1.3.2 Approach to Digester Gas Installations

Water Corporation water resource recovery facilities that include digester gas installations do not fall
under the authority of Building & Energy (formally EnergySafety) as the gas is produced and used on
the same sit l  and does not fall under the definition of consumer gas. However, conformance
of digester gas installations to the requirements of consumer gas installations have been broadly adopted
for the following reasons:

• Alignment of safety and risk management practices with the intention to reduce the overall risk
profile of such installations;

• Alignment with other digester gas, landfill, and biogas installations having already adopted such
an approach;

• Increased potential to be compliant if the legislation is amended and ratified to include the
production of digester gas.
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The adoption of these requirements, however, need to account for the risks associated with digester gas

that are not otherwise appropriately considered within the requirements of consumer gas installations.

Due to the hazardous nature of digester gas,  are assessed
and, as appropriate, classified as hazardous in accordance with AS/NZS 60079.10.1. Per the assessment
criteria of the explosives atmospheres standard, areas around gas fired appliances are classified as “Non-
hazardous” as they are intended to comply with the codes and practices applicable to consumer gas

installations. 

Where scope of “biogas installations previous revisions of the Standard placed emphasis on the
appliances, reference to “digester gas installations this revision is inclusive of all infrastructure from
the digesters (i.e., source of digester gas) to the appliances, or apparatus intended for the safe
destruction or discharge of digester gas to atmosphere. These battery limits have been included in the
definition of digester gas installations (refer §1.8.36). To that end; pipework and apparatus not
associated with an appliance (upstream of the appliance valve train isolation valve) is classified as
process equipment or pipework and shall be suitable for its service; complying with the established
codes of practice, national and internal standards, and best industry practices as appropriate that may
otherwise treat risks not specifically considered by the requirements of consumer gas installations.

Thus, the intent of this standard is to provide the Designer with the minimum requirements as established
by the Corporation along with guidance for digester gas installations intended to be operated by the

Corporation having considered the Building &  current position, associated consumer gas

requirements, and global industry best practice for digester gas installations (or biogas installations
more generally).

Although the Standard does not strictly cover requirements pertaining to maintenance, operation, or
decommissioning of digester gas installations or requirements of those entrusted to undertake such
works; it does highlight the minimum requirements to be met by the Designer in establishing:

• an operable and maintainable asset;

• documentation required to undertake such works as necessary; and

• frameworks required to undertake such works. 

For consumer gas appliances (whether fired by consumer gas in whole or in part) and installations to
meet the approval requirements of Building & Energy, the following criteria must be met:

a) Components associated with consumer gas  must be AGA approved where suitable approved
fittings are available;

b) The design must meet the relevant requirements of AS 3814, AS/NZS 5601.1, AS 1375, AS
61508 and AS 61511 as applicable;

c) The system must be approved by an appropriately certified inspector as defined by the gas
standards;

d) The system operational procedures must conform to those required by the Gas Standards
(Gasfitting and Consumer Gas Installations) Regulations 1999; and

e) The system maintenance procedures must conform to those required by the Gas Standards
(Gasfitting and Consumer Gas Installations) Regulations 1999.

An appropriately certified inspector as defined by the gas standards shall review the design and
installation of each digester gas system associated with an appliance. With respect to item c) above,
however, Building & Energy will not issue a compliance certificate for appliances fuelled only by treated
or untreated digester gas however they can issue a statement that such an appliance meets the
requirements for consumer gas and where relevant the certified standards AS/NZS 5601.1, AS 3814 and
AS 1375.

The Standard has been written to provide guidelines for the implementation of items a) to e) above, as
criteria and/or procedures are not defined for biogas systems. The standard is also applicable to the
modification or upgrade of existing biogas appliances. 
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The requirements of hazardous areas concerning instrumentation and other electrical devices shall still
apply.

NOTES: 

3. Informative: In Western Australia, Building & Energy is responsible for the technical and safety regulation
of:

(a) building service providers and plumbers;

(b) electricity production, transmission, distribution and utilisation (consumers' installations and
appliances); and

(c) gas distribution and production plants connected to gas distribution systems and gas utilisation
(consumers' installations and appliances).

4. Informative: An approved consumer gas installation does not, by definition, constitute a hazardous area.

5. Informative: The Gas Standards (Gasfitting and Consumer Gas Installations) Regulations 1999 apply to any
gas installation which falls under the definition of a consumer gas installation and therefore their adoption for
biogas installations (including digester gas installations) would infer conformance to Building & Energy

requirements.

6. Informative: As noted, the intent of the Standard is to treat digester gas as consumer gas – as far as practicable.
Although not necessary, many of the Type B gas appliances installed within gas

installations have multiple fuel sources which include consumer gas to varying extents (e.g., LPG or NG for
pilot flames; NG for alternate fuel for a heater, boiler or RICE; etc.). In such cases, compliance of the valve
train, fuel management system, burner management system, and exhaust systems with the Gas Standards
(Gasfitting and Consumer Gas Installations) Regulations 1999 is mandatory. 

7. Informative: BV to add note regarding examples of duel fueled appliances (e.g., those with NG pilots or
alternative fuel supplies).

1.3.3 Exclusions

The following list of exclusions are not covered by the Standard:

(a) The preparation of digester gas, or its derivatives, for transportation;

(b) The preparation of digester gas, or its derivatives, for supply to Others for any use.

(c) The transportation of gas.

NOTES: 

8. Informative: Depending on application and site-specific requirements, the transportation of consumer gas onto 
site may be required (i.e., LPG for appliance pilot systems, etc.) as is covered by the Western Australia Gas
Act, Regulations, and associated standards.

1.3.4 Conflicts

Unless stated otherwise, in the event of a conflict between the requirements of the Standard and any
referenced standard, regulation, code of practice, or guidance, the more stringent requirement (i.e., the
one offering the highest level of safety, performance, or environmental protection) shall apply. Any
ambiguities shall be resolved in consultation with the Custodian.

1.4 Overview of Engineering & Asset Delivery Requirements

1.4.1 Design

The design process, as documented in  Engineering Design Guidelines, and standards
with  Design Standard series (including the Standard), shall be followed by the

Designer in the development of deliverables pertaining to digester gas installations.



Design Standard No. DS 92  

Design, Installation and Commissioning of Digester Gas Facilities

Uncontrolled if Printed Page 18 of 124
Ver 3 Rev 0

© Copyright Water Corporation 2025

For the purposes of digester gas installations, all detailed design deliverables necessary to undertake
the construction works shall be del truct prior to the commencement of site
works pertaining to digester gas installations.

Refer to Sections 3, 4, 5, 6, 7, 8, 9, 10, and 11 of the Standard for requirements specific to the design
development of digester gas installations.

1.4.2 Construction

The construction, or upgrade, of a digester gas installation shall be subject to set of construction
requirements, established by the Designer in the form of a “Construction Technical Specification”. Such
a technical specification will set out all that is required by a Contractor to undertake the works without
the need to undertake further design activities without explicit exception from the Custodian.

As a minimum, the preparation of the construction technical specification shall meet the requirements
of the Engineering Design Guidelines, the Engineering Design Services Panel Management Plan, and
shall include:

a) Sufficient project specific background;

b) Requirements pertaining to preliminaries and standard requirements;

c) Technical requirements including reference to application national and international standards;

d) Detailed drawings;

e) All required schedules (e.g., mechanical equipment, electrical equipment, valve, instrument,
etc.);

f) Datasheets for all equipment;

g) Procurement specifications for all equipment;

h) Reports;

i) Testing requirements;

j) Commissioning requirements;

k) Performance requirements;

l) Recording and endorsement of as-installed information;

m) Requirements for maintenance during commissioning;

n) Handover requirements; and

o) Any additional project specific requirements identified by the Corporat presentative.

In instances where a Contractor is engaged by the Corporation under design and construct terms, a
& Construct (D&C) Technical Specificat to be developed by the Designer engaged to

undertake engineering design. In addition to the elements listed above, such a D&C specification is to
incorporate:

p) All elements not completed during engineering design;

q) Requirements for the detailed designer to meet those of the Engineering Design Services Panel

Management Plan and Engineering Design Guidelines; and

r) Reference to all relevant design standards.

Unless otherwise specified by Project Specific Requirements, the  modular specifications
shall form the basis of the construction specification, modified by the Designer to incorporate
requirements specific to digester gas installations as necessary.

Construction specific requirements for consideration by the Designer in the development of the technical
specification can be found in §12.
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1.4.3 Commissioning

Unless otherwise specified, commissioning activities are to be the responsibility of the Contractor

engaged by the Corporation to undertake construction activities (refer §1.4.2). Commissioning shall
meet requirements of the  existing Modular Specification – Commissioning, Asset

Commissioning Guidelines, and Commissioning and Handover Guidelines,

Commissioning specific requirements for consideration by the Designer in the development of the
technical specification can be found in §13.

1.4.4 Design Validation

During the development of the technical specification for the construction and commissioning of
digester gas installations, the Designer shall make inclusions for design validation. Such validation
includes progressive review of all as-constructed or redlined construction drawings and documentation
(e.g., schedules, datasheets, reports, etc.) previously issued IFC by the Designer for compliance with the
design intent.

Based on this review the Designer is responsible for the delivery of a Design Validation Report which
is intended to summarise:

a)  general observations during construction and commissioning;

b) The  technical queries and the  responses to those queries raised
throughout bid preparation, construction and commissioning noting the extent of deviation from
the intended design and impact to the operation of the asset;

c) Confirmation that the Designer has reviewed all drawings and documentation exhaustively
listing deviations noting the significance of each;

d) Summarising significant deviations requiring remediation proposing action plans for each; and

e) Endorsed technical submissions (e.g., schedules, reports, forms) that may be required by the

Corporation or other authorities having jurisdiction over the digester gas installation (e.g.,
technical regulators, utilities, counsels, etc.).

Other than immediate safety related observations, any significant deviations noted by the Designer

during construction that justifies the cessation or standdown of works is to be communicated to the

Corporation by the submission of a formal letter (including the justification) addressed to the
Representative.

NOTES: 

9. Informative: An example of an endorsed technical submission as defined by e) above is the Customer
Connection Schedules (a.k.a. Technical Schedules) required for submission by Western Power for any
embedded generation intended for installation or upgrade within a digester gas installation. Completion of
these schedules is of particular note as it is often a cause for complication.

1.5 Standards

All materials and workmanship shall comply with latest revisions of the relevant codes and standards.

Water Corporation Strategic Product Specifications (SPS), or in their absence the latest editions of
Australian Standards, or Water Services Association of Australia (WSAA) Code, shall be referenced for
design and specification. In the absence of relevant Australian Standards or WSAA Codes relevant
international or industry standards shall be referenced.

Applicable standards are listed in, but are not limited to,  
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Table 3: Table of standards

DESIGNATION TITLE

American Petroleum Institute

API RP 12J Process Design of Oil and Gas Separators and Scrubbers

API STD 607 Fire Test for Quarter-turn Valves and Valves Equipped with Nonmetallic Seats

API 620 Design and Construction of Large, Welded, Low-pressure Storage Tanks

API 2000 Venting to atmosphere

American Society of Mechanical Engineers

ASME B16.5 Pipe Flanges and Flanged Fittings

ASME B16.10 Face-to-Face and End-to-End Dimensions of Valves

ASME B16.34 Valves – Flanged, Threaded, and Welding End.

ASME B31.3 Process Piping

American Society for Testing and Materials

ASTM A276 Standard Specification for Stainless Steel Bars and Shapes

ASTM A312 Standard Specification for Seamless, Welded, and heavily Cold Worked
Austenitic Stainless Steel Pipes

ASTM A380 Standard Practice for Cleaning, Scaling, and Passivation of Stainless Steel
Parts, Equipment and Systems

ASTM A743 Standard Specification for Castings, Iron-Chromium, Iron-Chromium–Nickel,
Corrosion Resistant, for General Application

ASTM D1149 Standards Test Methods for Rubber Deterioration – Cracking in an Ozone
Controlled Environment

Australian Standards

AS 1375 Industrial fuel-fired appliances (known as the SAA Industrial Fuel-fired
Appliances Code)

AS 1869 Hose and hose assemblies for liquified petroleum gases, natural gas and town
gas

AS 3814 Industrial and commercial gas-fired appliances.

AS 4000 General conditions of contract

AS 4902 General conditions of contract for design and construct

AS 4041 Pressure Piping

AS 4426 Thermal insulation of pipework, ductwork and equipment – Selection,
installation and finish

AS 4617 Manually Operated Gas Valves

AS 4629 Automatic Shut Off Valves and Vent Valves

AS 4624 Combination Controls for Gas

AS/IEC 61508.0 Functional safety of electrical/electronic/programmable electronic safety-
related systems

Australian Standards/International Electrotechnical Commission
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AS/IEC 61511 Functional safety - Safety instrumented systems for the process industry sector

Australian/New Zealand Standards

AS/NZS 4761 Competencies for working with electrical equipment for hazardous areas
(EEHA)

AS/NZS 5601 Gas installations Part 1 General Installations

AS/NZS 60079.10.1 Explosive atmospheres - Classification of areas - Explosive gas atmospheres
(IEC 60079-10-1, Ed.1.0(2008) MOD)

Canadian Standards Association

CSA B149 Natural Gas and Propane Installation Code

Canadian Standards Association/American National Standards Institute

CSA/ANSI B149.6 Code for digester gas, landfill gas, and biogas generation and utilization

DIN: German Institute for Standardization

DIN 4102 Fire resistance tests

European Norms

EN 1762 Rubber hoses and hose assemblies for liquefied petroleum, LPG, and natural
gas up to 25 bar

German Institute for Standardization/European Norms

DIN/EN 13501 Fire classification of construction products and building elements

International Organisation for Standardisation

ISO 6976 Natural Gas – Calculation of Calorific Value

ISO 20675 Biogas Production, Conditioning, Upgrading and Utilization

ISO 22580 Flares for Combustion of Biogas

ISO 24252 Biogas systems – Non-household and non-gasification

International Organisation for Standardisation/ International Electrotechnical Commission

ISO/IEC 80079.36 Explosive atmospheres — Part 36: Non-electrical equipment for explosive
atmospheres — Basic method and requirements

ISO/IEC 80079.37 Explosive atmospheres — Part 37: Non-electrical equipment for explosive
atmospheres — Non-electrical type of protection constructional safety ''c'',
control of ignition sources ''b'', liquid immersion ''k''

Water Corporation Design Standards

DS 30 Mechanical Design Process

DS 30-01 Glossary – Mechanical

DS 31-01 Pipework – Mechanical

DS 34 Wastewater Treatment Plants – Mechanical

DS 35 Ancillary Plant – Mechanical

WS-1 Water Corporation Welding Specification for Metal Arc Welding

Water Corporation Strategic Product Specifications

SPS 265 Isolation Valves for Digester Gas Service
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Water Corporation Hazardous Area Governance and Administration Standards

HA-ST-02 Hazardous Area Classification Standard

HA-ST-03 EEHA Selection and Installation Standard

HA-ST-04 EEHA Competency Standard

HA-ST-05 EEHA Inspection Standard

HA-ST-06 EEHA Testing Standard

HA-ST-10 EEHA Verification Dossier Standard

HA-ST-11 EEHA Assessment of Non-AUS/ANZ/IECEx Equipment Standard

1.6 Bibliography

Documents, other standards (as listed above), referenced by the Standard are so done using the IEEE
reference style. Each reference includes a numeric in text citation with the following format x]”.
Where such citation is made, reference can be made to the parent text as summarised by Error! Reference source not
found. below. 

[1]  Department of Water and Environmental Regulation, Western Australian guidelines for biosolids

management, Western Australian Government, 2012. 

[2]  I limate Change 2014: Synthesis Report IPCC, Geneva, Switzerland, 2014.

[3]  Australian Government, “National Greenhouse Accounts Fact lth of Australia, 2021.

[4]  Department of Mines, Industry Regulation and Safety, Guidelines for the Approval of Industrial Gas
Appliances in Western Australia, Government of Western Australia, 2021. 

[5]  Work Health and Safety Commission, Managing Risks in the Workplace: Code of Practice, Department of
Mines, Industry Regulation and Safety, 2022, p. 74.

[6]  State of Western Australia, Western Australian Government Gazette No. 143, Perth: AUTHORITY KEVIN
J. McRAE, GOVERNMENT PRINTER, 2020. 

[7]  State of New South Wales Department of Planning, No. 6 - Hazard Analysis, New South Wales, 2011. 

[8]  State of New South Wales Depatment of Planning, No. 4 - Risk Criteria for Land Use Safety Planning, New
South Wales: State of New South Wales, 2011. 

[9]  United Kingdom Health and Safety Execut t of the Dangerous Toxic Load (DTL) for

Specified Level of Toxicity (SLOT) and Significant Likelihood of Deat line]. Available:

https://www.hse.gov.uk/chemicals/haztox.htm. [Accessed January 2023].

[10] Government of Western Australia, Dangerous Goods Safety (Storage and Handling of Non-explosives)

Regulations, Western Australia, 2007. 

1.7 Nomenclature

1.7.1 Standard Units and Relationships

Standard units and relationships referenced by the Standard are summarised in  

https://www.hse.gov.uk/chemicals/haztox.htm
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Table 4 below. Refer to  DS 30-01: Glossary – Mechanical for more information.

 



Design Standard No. DS 92  

Design, Installation and Commissioning of Digester Gas Facilities

Uncontrolled if Printed Page 25 of 124
Ver 3 Rev 0

© Copyright Water Corporation 2025

Table 4: Table of standard units and relationships

UNIT

ABBREVIATION
MEANING

Prefixes

N Normal or Normalised

S Standard or Standardised

μ Micro (× 10−6)

m Milli (× 10−3)

k Kilo (× 103)

M Mega (× 106)

Suffixes

.A Absolute

.G Gauge

Units

Time

hr Hour(s)

min Minute(s)

s Second(s) – SI unit

Length

m Metre(s) – SI unit

Mass

g Gram(s) – SI unit

Temperature

K Kelvin – SI unit

ºC Degree(s) Celsius

Force

N Newton(s) – SI unit

Energy/Work

J Joule(s) (1 = 1 )

Power

W Watt(s) (1 = 1 = 1 )

Pressure

Pa Pascal(s) (1 = 1 2)
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1.7.2 Drawings and Symbols

Standard symbols referenced by the Standard are summarised in Table 5 below. Refer to the

 DS 30-01: Glossary – Mechanical for more information.

Table 5: Table of symbols

SYMBOL NAME MEANING

φ  Phi (lowercase) Relative Humidity or Power Factor 

1.7.3 Abbreviations

Standard abbreviations used by the Standard are summarised in Table 6 below. Refer to the

 DS 30-01: Glossary – Mechanical for more information.

Table 6: Table of abbreviations

ABBREVIATION MEANING

ACGIH American Conference of Government and Industrial Hygienists

ADG Australian Dangerous Goods

AFM Air-fuel mixture

AGA The Australian Gas Association

ANSI American National Standards Institute

AS Australian Standard

ASME American Society of Mechanical Engineers

CAD Conformity Assessment Documents (in relation to Hazardous Areas)

CSA Canadian Standards Association

CHP Combined Heat and Power

CUI Corrosion Under Insulation

CWP Cold Working Pressure

DD Detailed Design

DG Digester Gas

DLGIRS Department of Local Government, Industry, Regulation and Safety

DoC Department of Commerce

DS Design Standard

DWER Department of Water and Environmental Regulation

ED Engineering Design

EPL Equipment Protection Levels

FAT Factory Acceptance Test

FGA Flammable Gas Area

FTR Field Test Record

HAC Hazardous Area Classification

HAMS Hazardous Area Management System
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HHV Higher Heating Value

HWH Hot Water Heater

IEC International Electrochemical Commission

IFC Issued for Construction

ITP Inspection & Test Plan

ITR Inspection & Test Record

LEL Lower Explosive Limit

LP Low Pressure

LoP Layer of Protection

LoPA Layers of Protection Assessment

MDR Manufact ta Record

MHF Major Hazard Facility

NTP Normal Temperature Pressure

PSV Pressure Safety Valve

RICE Reciprocating Internal Combustion Engine

SAT Site Acceptance Test

SDR Service Delivery Representative

SDS Safety Data Sheet

SIF Safety Instrumented Function

SIL Safety Integrity Level

SIS Safety Instrumented System

STP Standard Temperature Pressure

TWA Time-weighted average

UEL Upper Explosive Limit

WGB Waste Gas Burner

WRRF Waste Resource Recovery Facility (formally WWTP)

WUC Works Under Contract

WWTP Wastewater Treatment Plant

1.8 Definitions

1.8.1 General

The definitions of  general engineering terms can be found in the Engineering and
Relationships section of DS 30-01: Glossary – Mechanical for more information. For the purposes of
the Standard and subsequent documents related to the design, installation, and commissioning of
digester gas systems, specific terms are defined in the sections below. Definitions listed below supersede
those listed elsewhere but have generally been applied as to align with those used in applicable national
and international standards, or the Corporation  standards and specifications where practicable.
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Terms defined here may be different to those defined in referenced documents. Where such differences
exist, the term as defined in the relevant document is to be used in the interpretation of that standard,
act, regulation, specification, or guidance.

Where a defined term is used within the Standard, that term will be italicised for clarity to the reader.

1.8.2 Anaerobic

A system related to, or requiring, a lack of free oxygen.

1.8.3 Apparatus

Any measuring device, pressure raising device, regulator, valve, instrument, or other device used to
measure, control, or regulate gas supply to any appliance, or fitting.

1.8.4 Appliance

For the purpose of the Standard; a stationary device, being an assembly of components, part of which,
by the burning of gas as a fuel, converts chemical potential energy into any other form of energy.

Refer to Section 1.4.4 of AS 3814 and Section 3.1 of CSA/ANSI B149.6 for the respective definitions
to be used in context.

1.8.5 Area (context: hazardous areas)

A three-dimensional region of space.

See also: Volume

1.8.6 Area (context: spatial dimension)

A two-dimensional space with standard units of metres squared (m2).

1.8.7 Biogas

A flammable, explosive, and often toxic gas generated from the decomposition of organic material by
anaerobic digestion. For the purpose of the Standard, it is a general term broadly covering digester gas,
landfill gas, and agricultural biogas.

See also: Digester gas

NOTES: 

10. As distinction is made in the Standard between the general term “biogas the specific term “digester gas

simply due to the more precise nature of digester gas as opposed to the broadly defined biogas. However, this
distinction is not consistently applied outside of the Standard and therefore, when read outside of the Standard,
its definition shall be determined based on the context in which the term is used if not otherwise defined. A
similar argument applies to the use of terms such as gas, sour gas, clean gas, and fuel gas.

1.8.8 Boiler

A device whose primary purpose is to convert chemical potential energy (stored within a liquid or
gaseous fuel) into thermal energy used for conversion of water from liquid into steam phase for use in
subsequent plant processes (such as space heating, liquid heating, or power generation).

In the context of combusting digester gas or natural gas such a device is classified as an appliance.

1.8.9 Branched Connection

Same as the definit l s defined by CSA/ANSI B149.6 to mean:
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part of a piping or tubing system that conveys gas from the main piping, tubing, or header to an

appliance or [apparatus].”

1.8.10 Building & Energy

The Western Australian technical regulator responsible for the regulation, enforcement, investigation,
registration and licensing of all matters pertaining to electricity and gas production, transmission,
distribution, and utilisation.

1.8.11 Clean Gas

Digester gas that has been treated and is free from contaminants that would otherwise impact the
performance of longevity of downstream apparatus or appliances or components thereof.

NOTES: 

11. The definition of clean gas used by the Standard is different to that as defined in CSA/ANSI B149.6.

12. taminant to mean gaseous, liquid, or solid species existing as components within
raw, untreated digester gas that are:

(a) otherwise not useful in the burning or combustion process; or

(b) detrimental to the short-term or long-term operation of the appliances; or

(c) constitute an unacceptable environmental pollutant when discharged along with exhaust
components of reacted air-fuel mixtures.

13. Contaminants include liquid moisture (in any concentration), water vapour, hydrogen sulphide, and siloxanes
above concentrations specified as allowable by appliance manufacturers, and particulate matter above 200
microns.

1.8.12 Cogenerator

An appliance capable of extracting useful energy from the combustion of digester gas primarily in the
form of electrical power but also thermal power.

See also: Combined Heat and Power

NOTES: 

14. The capacity for a cogenerator to produce thermal energy for process heating is dependent on the
cogenerat ability to produce electrical power to supplement external (to the cogenerator) electrical power
demand. That is, cogeneration units employed by the Corporation can produce electrical and thermal power
or electrical power only but not thermal power only.

1.8.13 Combined Heat and Power

Same as Cogenerator.

1.8.14 Combustion Reference Conditions

The reference temperature and pressure at which gas is ingested within an appliance. This reference
condition is that of the gas after it has been mixed with air for combustion or the air-fuel mixture (AFM).

1.8.15 Commissioning

Refers to a formal process that ensures process systems within digester gas installations are planned,
installed, tested, and verified to perform according to the  project specific requirements and
design intent, typically involving documentation, performance testing, and training to confirm
operational readiness before project handover.
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1.8.16 Component

Any functional part or collection of functional parts assembled to make a piping system, apparatus or
appliance.

See also: Apparatus and appliance.

1.8.17 Condensate

In the context of digester gas systems, condensate refers to the liquid byproduct that forms when water
vapour—and other trace vapours—cool below the gas's dew point and condense out of the gas phase.
This typically occurs in components such as pipework, separators, storage vessels, and heat exchangers. 

1.8.18 Consumer

As per the definition included in the Western Australia Gas Standards Act 1972:

“means any person, not being an undertaker, to whom gas is supplied by an undertaker or a pipeline
licensee.”

NOTES: 

15. Based on this definition, along with the definit t pipeline l the digester gas

produced by the Corporation is not considered a consumer gas and the Corporation is not a consumer of
digester gas. Notwithstanding, the Corporation may, and does, fit the definition of consumer in relation to
gas purchased from an undertaker or pipeline licensee (e.g., domestic gas or LPG supply to sites where
applicable).

16. Definit t pipeline l the Western Australia Gas Standards Act
1972.

17. Currently, in relation to gas, the Corporation does not possess gas with the intention to supply to consumer(s).

1.8.19 Consumer Gas

Gas purchased from an undertaker or pipeline licensee and supplied to the Corporation by that
undertaker or pipeline license for the purposes of being used as fuel in an appliance.

See also: Consumer and Gas.

1.8.20 Consequence Modelling

The estimation of the credible physical outcomes of loss of containment scenarios involving flammable,
explosive and toxic materials with respect to their potential impact on people, assets, or safety functions. 

1.8.21 Consequence Area

An area contained within the largest circle centred on a gas storage apparatus that results in either:

(a) a heat hazard, due to a vapour cloud explosion or jet fire, greater than 2kW/m2 at its perimeter
for a duration of less than 1 minute from the time of release; or

(b) a hazardous area, due to a large vapour cloud or puncture release, creating an atmosphere with
a methane concentration greater than 60% LEL at its perimeter; or

(c) an intoxication or asphyxiation area (whichever is larger), due to a large vapour cloud or
puncture release, creating an atmosphere with methane concentrations above 870,000ppm
(asphyxic) or hydrogen sulphide concentrations of greater than 700ppm (toxic) at its perimeter.

1.8.22 Construction

Construction is a phase of asset delivery involving the building, assembly, or fabrication of
infrastructure associated with digester gas installations, carried out in accordance with the design. To
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varying extents it includes a coordinated set of activities such as equipment procurement, site
preparation, and physical construction work.

1.8.23 Contractor(s) (or Construction Contractor(s))

For the purposes of the Standard, an entity (or entities) engaged by the Corporation to undertake
construction or installation works under contract (WUC) pertaining to digester gas installation in whole
or in part.

NOTES: 

18. Normative: This definition in no way changes the meaning of that already defined in the final endorsed
instrument of agreement.

19. Normative: Refer to the modified AS 4000 and AS 4902 general conditions of contract for the use in relation
to construction contracts. 

1.8.24 Corporation, the

The Water Corporation of Western Australia.

1.8.25 , the

The party whose role it is to represent the Corporation in matters pertaining to the delivery of the design
and/or construction (as appropriate) of an installation for which there exists an executed instrument of
agreement to deliver.

Such agreements are typically between the Corporation and the Designer or Contractor, or both.

1.8.26 Critical Control Point

Any point within a process that, through the use of a procedure or practise (being the control), aims to
eliminate or reduce a hazard to level as low as reasonably acceptable.

1.8.27 Custodian

The owner of the standard taken to mean Senior Principal Mechanical Engineer or nominated
representative.

1.8.28 Dangerous Goods

Dangerous Goods are materials classified by the ADG Code, on the basis of immediate physical or
chemical effects such as fire, explosion, corrosion and poisoning as having the potential to affect people,
property or the environment.

1.8.29 Design

A technical solution developed by a competent engineering party, or by several engineering parties,
which capture minimum engineering design and/or detailed design detail required for a third party to
undertake further assessment or the construction of a safe and fit-for-purpose installation.

See also: Engineering Design and Detailed Design.

1.8.30 Design Deliverables (or Design Documents)

Design deliverables are defined to be, and include:

(a) The minimum required documents that constitute engineering design or detailed design as
described (as non-exhaustive) within  Engineering Design Guidelines, the

 Design Standards series,  Strategic Product Specifications and
Type Specifications, and any additional terms included by t Representative in
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the annexure to the executed instrument of agreement for the undertaking of design related
services or part thereof.

(b) Supplementary documentation (i.e., calculations, reports, memorandums, technical queries,
correspondence, etc.) not listed within (a) above which in any capacity contribute toward the
delivery of those deliverables.

(c) Any documents required by a third party not already listed in (a) above (e.g., completed
Technical Compliance Register and Technical Schedules as required by the local power network
operator).

(d) Any statutory documents required for the completion of the installation not already listed in (a)
above (e.g., updated emergency management plan as required by the Department of Mining and
Industrial Safety). 

1.8.31 Designer, the

A duly qualified and experienced engineering party, or parties, engaged by or on behalf of the

Corporation to undertake the design, whole or in part, of a digester gas installation.

The engagement of a Designer may be by Representative, or a Contractor already
engaged by .

1.8.32 Destroy

To ingest digester gas in a specialised appliance or appliances for the purpose of thermal destruction of
digester gas, including H2S contained in the gas, to meet odour and environmental discharge
requirements.

See also: Flare and Waste Gas Burner.

NOTES: 

20. No energy is recovered from the digester gas when ingested in this manner.

21. t safe” in this context is to mean:

(a) The ingested digester gas is made inert by way of oxidation of the flammable or combustible
components of the gas when reacted with air under stochiometric conditions.

(b) Reducing the impact of contribution to greenhouse gas emissions noting that
the total cumulative forcing factor of the digester gas (due to the high methane content) is greater
than that of its reacted byproducts (predominantly carbon dioxide).

(c) The total decomposition of hydrogen sulphide into hydrogen (thus water vapour) and elemental
sulphur.

1.8.33 Design Standards

A set of documents created and maintained by the Corporation which set out the minimum requirements
for design of  assets.

1.8.34 Detailed Design

A set of design deliverables developed by a competent engineering party, or by several engineering
parties, which precisely capture minimum engineering and manufacturing detail required for a third
party to undertake the construction of a safe and fit-for-purpose installation.

Completed detailed design is often referred to as IFC (issued for construction) design.

NOTES: 

22. Refer to Sections 8 and 9 of  Engineering Design Guidelines which aims to set out the
minimum process requirements for the detailed design process.
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See also: Design and Engineering Design

1.8.35 Digester Gas

A form of biogas produced as a result of the treatment of sludge under anaerobic conditions at a
municipal wastewater treatment plant within biological digesters.

See also: Biogas.

1.8.36 Digester Gas Installation

One, or a collection of several, digester gas systems, inclusive of associated ancillary systems, required
for the conveyance, control, treatment, or ingestion of digester gas required for power generation or
destruction.

See also: Digester Gas System(s).

NOTES: 

23. Informative: Digester gas installation is descriptive of the overall portion of a Waste Resource Recovery Plant
that see the handling of digester gas. The battery limits for a digester gas installation define the control limits
which includes everything between the:

(a) Digester(s) – as the source of the digester gas;

(b) Atmospheric relief; and

(c) Appliance exhaust emitters.

1.8.37 Digester Gas System(s)

Any discrete apparatus, pipework, or appliance(s); or collection thereof; installed, or to be installed, for
the purpose of, or incidental to, the conveyance, control, treatment, or ingestion of digester gas required
for power generation, destruction, or other side stream process.

See also: Digester Gas Installation.

NOTES: 

24. Informative: An example of a side stream process is the use of raw digester gas for the purposes of mixing
anaerobic sludge digesters (i.e., gas injection mixing) as an alternative to mechanical mixing methods.

1.8.38 Digester Gas Treatment Facility

A digester gas system whereby the purpose of the associated collection of valves, pipes, tanks,
equipment, devices, or other apparatus is to facilitate; by way of conveyance, isolation, treatment,
filtration, or intermediate storage; the treatment of digester gas into clean gas for use in the downstream
energy recovery facility, waste gas burning facility, or other use not defined herein.

See also: Energy recovery facility.

See also: Waste gas burning facility.

 NOTES: 

25. Informative: Similar to the differences between fuel gas and clean gas, in current applications of digester gas

systems within  asset portfolio there is no distinction between digester gas treatment facility

and the energy recovery facility as treated digester gas is only used for the sole purpose of producing thermal
or electrical power. However, that does not preclude the potential for treated digester gas to be used for other
purposes in the future but are not yet defined.
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1.8.39 Dossier (ref. Hazardous Area)

A compiled set of documents showing the compliance of electrical equipment and installations. For each
facility there shall be a dossier containing all the information relating to classification, installation and
maintenance of the equipment installed.

Provision of such documentation is a requirement of AS/NZS 60079.14 Clause 4.2.

1.8.40 Drip Trap

A device used for the incidental accumulation and release of liquid condensate, small debris, and
sediment that forms or accumulates within process pipework.

A drip trap is different from a knock-out pot insofar as it is not designed for the purposes of removing
droplets or large volumes of liquid from the gaseous process stream.

See also: knock-out pot

1.8.41 Dry Gas

A derivative of digester gas that has been treated such that its total moisture content is less than 50%
relative humidity under normal conditions.

See also: Wet Gas.

1.8.42 Dry Steam

A classification of steam where the gaseous phase of water is superheated. Dry steam is distinctly
different to wet steam.

See also: Steam.

See also: Wet Steam.

1.8.43 Engineering Design

A set of deliverables developed by a competent engineering party, or by several engineering parties,
which capture minimum engineering detail required for further assessment of the continued viability of
a safe and fit-for-purpose installation. 

Although not as detailed as detailed design, engineering design is one sufficiently detailed to allow a
third party (such as a construction contractor) to accurately bid for the completion of the remainder of
the works required for completion of the installation.

The minimum required documents that constitute engineering design are detailed within the

Engineering Design Guidelines, the Design Standards series, the

Strategic Product Specifications and Type Specifications, and any additional terms
included by  in the annexure to the executed instrument of agreement
for the undertaking of design related services or part thereof.

NOTES: 

26. Refer to Sections 6 and 7 of  Engineering Design Guidelines which aims to set out the
minimum process requirements for the engineering design process.

See also: Design and Detailed Design.

1.8.44 Engineering Design Guidelines

A document created and maintained by the Corporation which sets out the guidelines to be followed by
, designers, and  representatives throughout the design

process. Therein, roles and responsibilities and associated expectations are defined for each phase of the
asset design and delivery phase of the asset lifecycle.
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1.8.45 Energy Recovery Facility

A digester gas system whereby the purpose of the appliances and associated collection of valves, pipes,
tanks, equipment, devices, or apparatus is to facilitate; by way of conveyance, isolation, or intermediate
storage; the ingestion of treated digester gas (clean gas) in those appliances for the purposes of
producing useful thermal or electrical energy.

1.8.46 Facility

Contextual term describing the collection of standalone equipment, being a system, which act as an end-
to-end service as intended by that collection of equipment.

See also: Energy Recovery Facility, Digester Gas Treatment Facility, Waste Gas Burning Facility, and
Waste Resource Recovery Facility.

1.8.47 Flare (Flaring, Flared)

noun.: See Waste Gas Burner

verb.: the act of destroying excess digester gas.

1.8.48 Flammable Gas Area

A well demarcated area surrounding a single, or multiple grouped, hazardous area(s) with the intention
to:

a) clearly identify to personnel that a hazard exists within that area;

b) with reasonable margins, maintain ample distance between sources of ignition and the
hazardous areas as defined in the associated Hazardous Area Classification; and

c) Allow for application of administrative controls for personnel needing entry into an FGA.

NOTES: 

27. This definition elaborates on that provided in Flammable Gas Areas Procedure (58728565) – that

covers the hazardous area and may include a buffer zone.”

1.8.49 Functional Safety

As defined by Clause 3.2.22 of AS/IEC 61511 as:

part of the overall safety relating to the process and the BPCS which depends on the correct
functioning of the SIS and other protection layers.”

1.8.50 Fuel Gas

Digester gas, treated to any extent, intentionally sent to, and ingested by an appliance within a digester

gas installation.

See also: Gas.

1.8.51 Gas

As the defined in Western Australia Gas Standards Act 1972:

“means any gas or mixture of gases intended for use as fuel for gas appliances or for use in any chemical
p

For the purposes of the Standard, a gas that is intentionally combusted within an appliance will be
referred to as a fuel gas.

See also: Fuel gas.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58728565
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NOTES: 

28. Informative: Digester gas fits the definition of gas insofar that it is a gas intended for use as fuel for gas fired
appliances.

29. Informative: Digester gas produced by the Corporation is not used for any chemical process.

30. Informative: Although it is the intent to combust all digester gas produced within appliances, distinction has
been made between gas (as defined by the Act) and fuel gas as it gives context to the condition of the digester

gas within the digester gas installation.

1.8.52 Gasfitting Works

As defined by R4 of the Gas Standards (Gasfitting and Consumer Gas Installations) Regulations 1999
as:

“A reference in these regulations to gasfitting work is to be read as a reference to an operation, work or
process in connection with the installation, removal, demolition, replacement, alteration, maintenance,
or repair of a gas installation except —

(a) the replacement of LPG cylinders, compressed natural gas cylinders or liquefied natural gas
cylinders; or

(b) any operation, work or process in relation to a mobile engine that does not involve or affect any
fitting line or apparatus; or

(c) an adjustment of the air-fuel ratio of a mobile engine that does not involve the disconnection or
dismantling of any fitting line or apparatus; or

(d) an operation, work or process carried out in connection with a reticulated supply system for the
gas supplier.”

1.8.53 Gas-liquid Separator

See Knock-out Pot.

1.8.54 Digester Gas Storage

An apparatus which acts to provide medium or long-term storage of digester gas, thereby acting as a
buffer between the time of production of the digester gas and the time at which it is ingested. For the
purposes of the Standard, a digester gas storage apparatus is one with:

a) digester gas maximum area-averaged velocities less than 0.5 m/s; and

b) an energy density-volume of greater than 2,160 MJ.

Examples of gas storage apparatus may include membrane holder, tank, vessel, and bag.

See also: Incidental digester gas storage.

NOTES: 

31. Informative: Dependent on the instantaneous storage capacity of a holder, vessel, tank, or bag; whether intend
to be used as a storage apparatus or otherwise; may be classed as such and therefore subject to the same level
of design rigor as a gas storage apparatus intended for such purposes. For example, desulphurization chemical
scrubber vessels, although only intended for the treatment of sour gas, may be large enough to be considered
a storage apparatus and therefore subject to the same level of risk assessment as a digester gas holder of the
same size.

1.8.55 Hazardous Area

As the defined in Section 3.2.1 of AS/NZ60079.14: 2017:

xplosive atmosphere is present, or may be expected to be present, in quantities such
as to require special precautions for the construction, installation and use of equipment.”
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NOTES: 

32. A hazardous area in the context of the Standard only refers an atmosp potential to be explosive as

defined above. Areas where other hazards could exist (e.g., areas with the potential to accumulate H2S in
concentrations deemed toxic) are not termed Hazardous Areas.

1.8.56 Hazardous Area Management System

The Hazardous Area Management System is  process to manage the development and
revision of standards, procedures and documentation associated with hazardous areas. 

1.8.57 Humidity

1.8.57.1 Absolute

Absolute humidity is the total mass of water vapor present in a given volume of air, typically expressed
in grams per cubic meter (g/m³). Absolute humidity is not a function of temperature.

1.8.57.2 Maximum

The maximum allowable concentration of water vapour within a gas measured in grams per cubic meter
at a given temperature. Unlike absolute humidity, maximum humidity is a function of temperature.

1.8.57.3 Relative

A ratio of the measured concentration of water vapour as a fractional species of a gaseous fluid and the
maximum allowable concentration of water vapour within that gaseous fluid at the same temperature
and pressure.

Alternatively described as the absolute humidity of a gaseous fluid as a percentage of the maximum

humidity of that gaseous fluid at the same temperature and pressure.

Relative humidity is expressed in unit

See also: Absolute humidity.

See also: Maximum humidity.   

1.8.58 Incidental Digester Gas Storage

An apparatus not otherwise defined as a digester gas storage that contains digester gas only for the
functional purpose of processing that digester gas. 

1.8.59 Informative

Text used to add descriptive context to the related normative requirement.

No requirements included in the Standard are to be read as informative unless specifically stated as such.

See also: Normative.

1.8.60 Ingest

To consume gas within an appliance by way of burning or combusting as is appropriate whether for the
purposes of producing useful energy or to destroy the digester gas in a controlled manner.

NOTES: 

33. Informative: Effort has been made in the Standard to avoid ambiguity or confusion related to the term
t may be construed as pertaining to the definition of consumer whether intentional or otherwise.
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1.8.61 Installation

noun.: A discrete system of valves, pipes, tanks, equipment, devices, other apparatus or appliances

arranged to collect, monitor, treat and distribute digester gas for use by the Corporation at a waste

resource recovery facility operated and maintained by the Corporation or a parties employed by the

Corporation.

See also: Digester Gas System

verb.: (installed; installing; installation of) The action of undertaking the works required for the set up
for use of an installation.

NOTES: 

34. Informative: Reference is made here to the Gas Standards Act 1972 which defines a Installation as any
appliance, pipes, fittings or other apparatus installed or to be installed for or for purposes incidental to the
conveyance, control, supply or use of gas.

1.8.62 Integrity

In relation to functional safety – The likelihood that a safety instrumented function, or component of a
safety instrumented system, will successfully implement its safety function when required.

See also: Functional safety.

1.8.63 Knock-out Pot

A vessel designed specifically to capture and remove bulk volumes of liquid that have condensed out of
the gaseous phase. The liquid may exist either as an accumulated body with a free surface or as droplets
suspended within the gas stream.

Also known as a gas-liquid separator.

See also: Gas-liquid separator.

See also: Drip Trap

1.8.64 Main Run

In the context of consumer gas, as the defined in Section 1.3.73 of AS 5601.1:

consumer piping from the meter, or the outlet of the first pressure regulator at the LP gas
cylinder, to the furthest appliance position”

In the context of digester gas, or its derivatives, it is defined as primary pipework whose purpose is the
bulk conveyance of gas between two apparatus in series, or apparatus and appliance, prior to branching
off into smaller subsidiary pipework.

1.8.65 Membrane Gas Holder

A commonly used gas storage apparatus constructed of two flexible membranes; an inner and an outer;
that are inflated by the digester gas and air respectively. By nature, this type of gas storage is made
semi-rigid by the process medium and thus self-supporting.

In addition, due its simplicity, this type of holder is often more economical than other available types of
gas storage.

NOTES: 

35. Informative: Given their resemblance to balloons they are often colloquially referred to as “gas balloons”.
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1.8.66 Mesophilic Temperatures

The standard range of temperatures in which mesophile microorganism populations are sustainable
typically defined as between 20 to 45ºC which the accepted optimal range of 35 to 37ºC. When subject
to anaerobic conditions, such microorganisms have a tolerable temperature range of 32ºC to 38ºC for
positive rates of biological activity. Anaerobic digesters managed by the Water Corporation aim to
maintain digester temperatures at 37ºC in line with Department of Water and Environmental Regulation
requirements of 35±3ºC for biosolids management [1].

1.8.67 Metering Reference Conditions

The reference temperature and pressure at which gas volume flow rate is measured prior to being burned
within an appliance. For the purposes of the Standard these shall be taken to be NTP. 

1.8.68 Normal Temperature and Pressure

The normal reference temperature of 20ºC and an absolute pressure of 101.325 kPa.

1.8.69 Normative

Requirements that are prescriptive and are to be applied as mandatory in order to comply with the

Standard.

Unless stated otherwise requirements listed as within the Standard are to be taken as normative whether
or not stated as such.

See also: Informative.

1.8.70 Others

Organisation(s) or individual(s) which is (are) not the responsibility of, nor managed by, the Designer,

Construction Contractor, or the Corporation.

1.8.71 Pressure Raising Device

An apparatus which acts to increase the pressure of the digester gas within a digester gas system, or in
any part thereof. Typically, this would be facilitated through the use of a blower (i.e., low pressure non-
positive displacement device such as a centrifugal blower or the like), or a compressor (higher pressure
positive displacement device such as a hook-and-claw compressor or liquid ring pump).

1.8.72 Process Equipment

Items of equipment not associated with an appliance. Typically: condensate, storage or scrubbing
vessels/tanks, compressors, filters, gas treatment etc.

See also: Apparatus.

1.8.73 Piping Systems (Process Piping)

In the context of digester gas; all pipework within a digester gas system, from the source (anaerobic
digesters) up to the appliance isolation valve containing digester gas used for the purposes of
conveyance of digester gas between apparatus (pl.), or between apparatus and appliance, within the
digester gas system.

See also: Pipework.

1.8.74 Pipework (Piping or Pressure Piping)

As defined by Clause 1.7.32 of AS 4041 as:



Design Standard No. DS 92  

Design, Installation and Commissioning of Digester Gas Facilities

Uncontrolled if Printed Page 40 of 124
Ver 3 Rev 0

© Copyright Water Corporation 2025

ly of pipes, pipe fittings, valves, and pipe accessories subject to internal pressure, external
pressure, or both, and used to contain or convey fluid or to transmit fluid pressure. It includes distribution
headers, bolting, gaskets, pipe support, and pressure retaining accessories.”

1.8.75 Project Specific Requirements

A set of requirements that are determined to be specific to a unique project or installation subject to site
specific conditions when combined with the requirements listed within the standard.

The project specific requirements are normative.

1.8.76 Reciprocating Internal Combustion Engine

A device used for the primary purpose of converting chemical potential energy (stored within a liquid
or gaseous fuel) into rotational kinetic energy.

In the context of combusting digester gas or natural gas such a device is classified as an appliance.

1.8.77 Referenced Document

A document referenced by the Standard and may include an act, regulation, standard, specification,
guidance, or case study.

1.8.78 Regulations, the

The Gas Standards (Gasfitting and Consumer Gas Installations) Regulations 1999 being delegated
legislative requirements pertaining to gasfitting and consumer gas installations as developed by
executive government to support the Western Australia Gas Standards Act 1972.

1.8.79 Regulator (Pressure Regulator)

An apparatus whose purpose is to automatically reduce the pressure of digester gas to a digester gas

system beyond the point of device installation.

Excludes pressure safety valves.

1.8.80 Reliability

In relation to functional safety – The likelihood that a safety instrumented function, or component of a
safety instrumented system, will operate as expected over a specific period.

See also: Functional Safety

1.8.81 Relief Device

As defined in Section 1.4.113 of AS 3814:

ty device designed to forestall the development of a dangerous condition by preventing pressure,
temperature, or vacuum build-up.”

NOTES: 

36. Normative: The definition of relief device adopted by the Standard supersedes that defined in CSA/ANSI
B149.6 (refer §3.1). Where “relief devices referenced by applicable portions of CSA/ANSI B149.6, the
context shall be constrained to relief devices used for the purposes of preventing overpressure or vacuum
conditions.
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1.8.82 Safety Instrumented

1.8.82.1 Function

A combination of sensor, logic solver and final element designed to control an identified hazard event
in relation to functional safety.

See also: Functional Safety.

1.8.82.2 System

A system used to implement one or more safety instrumented functions in relation to functional safety.

See also: Functional Safety.

1.8.83 Safety Integrity Level

A figure used to denote the required performance integrity (probability of failure) and hardware fault
tolerance (redundancy) for a safety instrumented function.

See also: Functional Safety.

1.8.84 the Standard

This document.

1.8.85 Standard Temperature and Pressure

Standard reference temperature of 0ºC and an absolute pressure of 101.325 kPa.

1.8.86 Steam

The vapour phase that is formed when liquid water is heated sufficiently to achieve the enthalpy of
vaporisation as a function of pressure. Steam often classified as either wet steam or dry steam.

See also: Dry Steam.

See also: Wet Steam.

1.8.87 Thermophilic Temperatures

The standard range of temperatures in which thermophile (extremophile) microorganism populations
are sustainable typically defined as between 40 to 120ºC. In anaerobic digestion, its typical for simple
and extreme thermophiles to be cultivated and, depending on the installation may be designed to
maintain optimal temperature ranges between 50ºC and 79ºC. 

NOTES: 

37. Informative: The operation of anaerobic digesters under thermophilic conditions are not summarized by the
Western Australian Department of Environment and Conservation [1] nor is such a process maintained by the

Corporation.

1.8.88 Type B Appliance

As the defined in Western Australia Gas Standards Act 1972:

ppliance that has a maximum hourly input rate exceeding 10 megajoules that is neither a

Type A gas appliance nor a gas-fuelled engine that —

(a) is mounted in or on any vehicle, craft or portable appliance; and

(b) is supplied by fuel from a cylinder or tank mounted on or in a vehicle, craft or portable
appliance.”
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This definition applies to the appliances which constitute elements of energy recovery facilities or for
waste gas burning facilities by the Corporation.

1.8.89 Valve

A device used to limit the mass flow of digester gas, or isolate the flow of digester gas completely, to
downstream digester gas system beyond the point of device installation.

1.8.90 Waste Gas Burner

A Type B Appliance capable of ingesting digester gas as a fuel for the purposes of destroying excess
quantities produced.

Also known as a flare.

See also: Flare.

NOTES: 

38. The t xcess quantities may mean one of the following:

(a) digester gas that is produced, over a long-term period, at rates higher than the instantaneous
burning capacity of the energy recovery facility and is otherwise unable to be stored.

(b) Incidental volumes of gas that may be destroyed due to process upsets.

(c) the entire digester gas inventory when under emergency conditions.

39. The t tantaneous burning capacity of the energy recovery facility” is to mean:

(a) that the combined instantaneous full rated burning capacity of the appliance(s) which constitutes
an element of the energy recovery facility; or

(b) combined instantaneous derated burning capacity of the appliance(s) which constitutes and
element of the energy recovery facility; or

(c) the maximum treatment capacity of the digester gas treatment facility; or

(d) both (b) and (c).

40. “Derated burning capacity” is to mean the maximum instantaneous burning capacity of the appliance(s) which
constitutes an element of the energy recovery facility limited by external factors such as available electrical
power demand, available thermal power demand, ambient operating conditions, and/or any other condition
which may limit the output of that appliance.

1.8.91 Waste Gas Burning Facilities

A digester gas system whereby the purpose of the associated collection of valves, pipes, tanks,
equipment, devices, or other apparatus is to facilitate; by way of conveyance, isolation, filtration, or
intermediate storage; the destruction of excess digester gas by way of flaring to the atmosphere.

1.8.92 Wet Gas

Not dry gas.

See also: Dry Gas.

1.8.93 Wet Steam

A classification of steam where the gaseous phase of water exists as an aerosol, or droplets. Wet steam

is distinctly different to dry steam.

See also: Steam

See also: Dry Steam.
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1.8.94 Works Approval

As defined in the Environmental Protection Act 1986 as:

“means a works approval granted and in force under Part V Division 3 [of the Environmental Protection
Act
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2 BIOGAS & DIGESTER GAS – AN OVERVIEW

2.1 General

Biogas broadly refers to a flammable and toxic gas produced by the biological breakdown of organic
matter in the absence of oxygen. Biogas originates from biogenic material and is a type of bio-fuel. The
term is general and lacks specificity.

Specifically, the biogas produced at the Water Corporation WRRF sites is by anaerobic digestion of
biodegradable organic sludge materials (i.e., a mixture of raw primary sludge, activated sludge and
skimmings) within anaerobic sludge digesters. Biogas produced in this fashion is referred to as Digester

Gas (DG) and may be used synonymously with ‘Biogas’ within the Standard.

DG comprises primarily methane and carbon dioxide but also contains several contaminants which are
toxic and pose difficulties in the practice of utilising DG for the purposes of power generation (electrical
and/or thermal). The typical contaminants are further discussed below and depending on need and
application, DG is often treated  to reduce the concentration of these contaminants. The need and type
of DG treatment is discussed further in §6.

NOTES: 

41. Informative: The preferred terminology for gas produced by anaerobic digesters is “digester gas pposed

to “biogas to maintain consistency with CSA/ANSI B149.6.

2.2 Properties of Digester Gas (Informative)

2.2.1 General

Digester gas has been classified as a toxic and flammable substance (see §2.5). Due to this classification,
it is deemed a dangerous good (UN 1953 – refer to §2.5 below).

Other than minor differences unique to the specific WRRF in question, digester gas produced is
generally composed of (in order of decreasing concentrations):

• Methane;

• Carbon dioxide;

• Moisture;

• Hydrogen sulphide;

• Siloxanes; and

• Other minor contaminants.

2.2.2 Methane

The foremost species comprised in digester gas is methane. Methane is the simplest and most abundant
alkane hydrocarbon. Given its abundancy and relatively high gross calorific value (or higher heating
value - HHV) of 38.7MJ/Nm3, not only is methane the most useful component within digester gas,
allowing the offset of electrical and thermal power demand of the WRRF, but in part, is also what makes
digester gas so hazardous.

The methane in digester gas forms explosive mixtures in air. The lower and upper explosive limit (i.e.,
LEL and UEL) is 5% and 15% methane concentration by volume respectively. Methane is also an
asphyxiant and may displace oxygen in an enclosed space. Asphyxia may result if the oxygen
concentration is reduced to below 19.5% by displacement. The concentrations at which flammable or
explosive mixtures form are much lower than the concentration at which asphyxiation risk is significant.
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Furthermore, methane has a global warming potential approximately 28 times greater than carbon
dioxide over a 100-year period [2]. Due to this high radiative forcing, it is critical to minimise fugitive
methane emissions.

For these reasons, where significant amounts of digester gas are produced as a part of a sludge treatment
process, one cannot simply avoid its treatment and consumption and/or destruction and fugitive
emissions of methane shall be prohibited.

Defined range of concentration range at point of supply: 40%m/m to 65%m/m.

NOTES: 

42. Informative: Higher heating value of 38.7MJ/Nm3 was calculated using ISO 6976under NTP conditions at a
100% molar fraction of methane.

43. Informative: Contributing factors influencing the potency of methane as a greenhouse gas include its
intermediate residence time (tens of years) in the atmosphere and its increased capacity to absorb
electromagnetic radiation in the infrared range of wavelengths (i.e., infrared range is less easily saturated in
total range of radiation absorbed by CH4) which is disproportionally lower and higher than that of CO2

respectively.

44. Informative: Consumption of methane containing gasses within appliances for the purpose of offsetting
electrical power demand of localised end-users (whether it be WRRFs, water recycling plants, water treatment
plants, other utilities, or domestic users via network export) acts to reduce the COX emissions from classic
forms of power generation facilities. In Western Australia, the 3MW energy recovery facility (ERF) installed
at Beenyup WRRF is estimated to offset up to 18,000 metric tonnes of CO2-e emissions annually from the
South-west Integrated Scheme (SWIS) based on an average grid emission factor of 0.69kgCO2-e/kWh [3].

2.2.3 Moisture

By nature of the anaerobic digestion process, digester gas emitted from digestors managed by the

Corporation is saturated with water vapour (i.e., relative humidity of 100%) at mesophilic temperatures

(circa 37ºC). Although dependant on seasonal ambient conditions, a significant amount of this moisture
will condense from the untreated digester gas due to decreasing operating temperatures because of heat
loss to the cooler environment and increasing pressures.

Water, whether in either vapour, gaseous or liquid states, pose several technical challenges in the
processing of digester gas. Liquid water, or condensate, if left unmanaged may result in:

• accelerated corrosion to equipment;

• excessive pressure losses within the pipework;

• potential for transient surge effects;

• hydraulic lock in positive displacement pressure raising devices;

• impacts to the accuracy or functionality of instrumentation; or

• appliance flameout due to fuel gas starvation.

By large, the latter three effects are due to a locally decreasing void fraction causing liquid slug flow
within pipework, apparatus, or components thereof. In its gaseous state, water is generally innocuous
when less than 50%RH but may impact downstream digester gas treatment and subsequent appliance

performance. Therefore the target relative humidity of dehydrated digester gas shall be subject to the
performance requirements of downstream components.

Requirements for the management of condensate and relative humidity is discussed in §6.2.2.

Defined concentration at point of supply: 100%RH

NOTES: 

45. Normative: Although anaerobic digesters operated by the Corporation have been designed to operate under
mesophilic conditions, there is often allowance for these digesters to be easily converted to operate under
thermophilic conditions. Such a conversion would result in a significant impact to existing downstream
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digester gas systems, the design of future digester gas systems, or upgrades thereof. Such impacts on digester
gas systems are not strictly discussed within the Standard and will require careful consideration by the
designer.

2.2.4 Hydrogen Sulphide

Hydrogen sulphide (H2S) is a colourless, toxic, corrosive, and flammable gas that is heavier than air.
H2S is naturally produced primarily as a result of the microbial breakdown of organic matter in the
absence of oxygen – anaerobic digestion.

H2S is soluble in water forming a weak acid (H2S is oxidised to form H2SO4) contributing to the
accelerated rate of corrosion of metallic and concrete components. Furthermore, iron containing metals
in contact with H2S will react to form metal sulphides. Failure modes of iron containing metals is
difficult to quantify but it has been determined that such failure modes include hydrogen induced
cracking, sulphide induced stress cracking, or stress-oriented hydrogen induced cracking. Due to the
significant impact on the durability of iron containing metals in the presence of H2S, wet or dry, the use
of carbon steels is prohibited.

Complete decomposition (or destruction) of H2S will occur under atmospheric pressures at around
1,200ºC into hydrogen and elemental sulphur. Where digester gas containing H2S is burnt within
appliances at lower combustion temperatures, the appliance will emit elevated concentrations of oxides
of sulphur (SOx). The formation of these oxides, particularly SO2, and discharge to the environment are
of concern due to the negative environmental and health impacts. Unlike the reduced form of sulphur,
H2S, when exposed to water, SO2 more readily forms sulphuric acid (H2SO4) resulting in a significant
amount of corrosion to surrounding assets.

Defined range of concentration at point of supply: 0.1%m/m to 4%m/m (1,000ppm to 40,000ppm).

2.2.5 Carbon Dioxide

Carbon dioxide (CO2) is a colourless, odourless gas (at low concentrations). In DG, CO2 accounts for
about a third to half of the gas by volume and, due to its dual covalent double bonds, CO2 is inert (at
low temperatures) and therefore may be left untreated.

Due to its high concentrations within biogas generally, the net calorific value of the gas is significantly
lower than that of natural gas with higher relative methane concentrations.

CO2 is soluble in water to reversibly form carbonic acid (H2CO3). Because ionisation in water is
incomplete, it can only form a weak acid largely, not impacting the pH of the solution.

Like methane, carbon dioxide is also an asphyxiant and may displace oxygen in an enclosed space.

Defined concentration range: 35%m/m to 60%m/m.

2.2.6 Siloxanes

Similar in form to hydrocarbons, siloxanes are a diverse functional group of organosilicons with the Si-
O-Si linkage forming the backbone. Unlike hydrocarbons, however, siloxanes are relatively inert and
long-lived. Siloxanes are manmade compounds and have many useful domestic and industrial
applications. From the domestic perspective, siloxanes are extensively used in consumer products (such
as toothpaste, antiperspirant, skin-care creams, shampoo, hair conditioner). Because of the nature of
these products, siloxanes make their way into the digesters of municipal wastewater treatment plants
(WWTP), such as Beenyup and Woodman WRRFs, where they evolve causing contamination of the
biogas produced.

Therein, unlike other forms of biogas, digester gas contains significantly higher concentrations of
siloxanes. 

Combusting an AFM containing siloxanes results in the oxidation reaction forming silicon dioxide
(SiO2), also known as silica, in a process called pyrogenic fuming and other complex silicates of the
form SixOy. Generally, both SiO2 and SixOy exist as tetrahedral crystalline structures which have high
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hardness and toughness. Pyrogenic formation of SiO2 manifests in the precipitation of the hard
compound within combustion chambers and exhaust components of appliances causing accelerated
wear and tear. Given the hardness of these compounds, particular attention needs to be paid to the
potential for formation within reciprocating engines (on the seat of exhaust valves, combustion
chambers, pistons and turbochargers) or gas turbines where the unmanaged gradual accumulation of the
compound will result in significant mechanical damage to the appliance.

Based on experience, it has also been found that the deposition of these contaminants and other minor
metal and non-metal containing contaminants (including calcium, zinc, sulphur, and phosphorus) impact
heat transfer and lubrication effectiveness within the appliance resulting in derated performance or
failure. 

Worldwide, siloxanes are a well-known problem in facilities utilising digester gas (or landfill gas) for
the purposes of power production highlighting the benefit of minimising appliance maintenance costs
and lost generating potential (due to unavailability of appliances afflicted with siloxane related
contamination) at the expense of treating the digester gas to reduce the concentration of siloxane
contaminants within the fuel gas.

Defined concentration range: 1.0mg/Nm3 to 20mg/Nm3.

NOTES: 

46. Informative: The defined range of concentration of siloxanes is highly variable and dependent on the diversity
within the catchment unique to the WRRF in question. 

47. Informative: The high siloxane concentration in the fuel gas supplied to the reciprocating cogeneration units
at Woodman Point Energy Recovery Facility is believed to be a significant contributing factor to the high
maintenance cost and low availability witnessed throughout the operational life of the facility when compared
to comparable plants which otherwise treat for siloxanes.

48. Informative: Over the years of operating the Woodman Point Energy Recovery Facility it has been found that
mechanical failures can be limited by conducting premature oil replacements (i.e., at frequencies higher than
recommended by manufacturers under ideal operating conditions) as the rate of deposition of SiO2 and SixOy

within the combustion chamber and exhaust components of an appliance is proportional to the concentration
of siloxane byproducts absorbed by the lubricating oil.

2.3 Sources of Biogas and Digester Gas at Water Corporation

2.3.1 Sludge Digestion Process

The primary source of biogas produced as digester gas (per description in §2.1) within assets operated
by the Corporation is in the sludge digestion process – an anaerobic process used to break down the
solid waste product into a material suitable for re-use in agriculture. Within the Corporation  asset
portfolio, the anaerobic digestion process is used at two major metropolitan WRRFs (water resource
recovery facilities) – Beenyup and Woodman Point. The digestion process takes place in large
cylindrical or egg-shaped digesters in which the sludge is continuously circulated whilst being
maintained at mesophilic temperatures (i.e., a temperature of approximately 37ºC). During this process,
significant quantities of digester gas are produced. 

The composition, moisture content and quantity of the biogas produced at the metropolitan wastewater
treatment plants varies and is dependent on composition of the incoming sludge and time of year.

A significant portion of DG produced is used to provide heat energy to maintain the sludge digesters at
the optimum temperature. This is achieved by either feeding the gas into gas fired water heaters or CHP
(combined heat and power) cogenerators which have energy recovery heat exchangers on their cooling
water jackets and/or exhaust systems. 

The remainder of the DG, if not flared, is used to generate electrical power which is used to supplement
the power supply for the respective plants (or neighbouring infrastructure as in the case for Beenyup).

In some cases (e.g., Beenyup) where digester mixing is not facilitated by other means, a portion of the
DG is compressed and recirculated back into the digesters via spears. This method of mixing, known as
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‘large bubble mixing’, is an efficient and effective method to cause mixing and subsequent rerelease of
DG from the sludge. Note that this method of mixing does not involve the combustion of the biogas.

Short-term variations in the production of DG are smoothed out via intermediate low pressure (LP) DG
storage. There are several methods of LP DG storage currently available but most common include
water sealed floating roof tanks or the more common double membrane biogas holders.

If either plant is producing more DG than is required over an intermediate or long-term duration, the
surplus DG is disposed of (or flared) through a Waste Gas Burner (WGB). 

Pressure safety valves (PSV) are installed at various locations around the digester gas installation (e.g.,
atop the digesters, at the LP storage, at significant protection points around the digester gas treatment

facility, etc.) at both plants. These PSVs allow the venting of digester gas to atmosphere if the pressures
exceed the design pressure of the apparatus they are intended to protect. These PSVs are a safety
measure only and considered the final layer of protection (LoP). Venting biogas to atmosphere via these
PSVs (or by any other means) is highly undesirable because of the potential risk of an explosion,
unintended exposure of personnel to toxic areas, and the likelihood of odour complaints.

2.3.2 Other Sources

Other minor sources of biogas production exist but all include biodegradation of organic waste products.
In the water industry, such minor sources include, but are not limited to:

• the entire wastewater conveyance network (i.e., freeboard space in gravity sewers and
pumpstation wet wells, air pockets confined within rising mains, etc.)

• instances where wastewater that may spill into area not intended for wet application (e.g., access
galleries, pump station dry wells, valve and air valve pits, and other confined spaces not intended
for the containment of wastewater), become stagnant and septic, and ultimately emit biogas.

• Within the headspace of storage tanks and silos, other than anaerobic digesters, containing
dewatered biosolids or sludge.

Typically, biogas off gassed in such a manner is highly contaminated with H2S.

Due to the flammable and toxic nature of biogas, it is desirable to prevent the accumulation of the gas
in such areas to maintain a non-toxic area and a non-hazardous area. If determined necessary, this may
be achieved by effectively venting (forced or otherwise) to a safe space, or for the gas to be captured
and treated.

NOTES: 

49. Informative: Even gas with low concentrations of H2S can be quite odorous and often justifies the need for
treatment via an odour control unit.

50. Informative: Other than toxicity and flammability, H2S posses’ significant corrosion issues due to the
formation of sulfuric acid (H2SO4) when mixed with small amounts of water. When in contact with concrete
and metallic (e.g., low carbon steel, cast iron, etc.) components.

51. Normative: Regardless of method of making a sp if potential for a hazardous area exists an
assessment must be undertaken, and a Hazardous Area Classification completed by a competent person (as
defined by AS/NZS 60079) outlining the impact to the facility and define the equipment protection levels
(EPL) if required. This is discussed further in §5.5 below.

52. Informative: Reference is made to the 2020 Wessex Water incident whereby an explosion within an emptied
sludge storage tank due to the concentration of methane produced from the residual biosolids remaining in the
tank. 

2.4 Composition

The composition of untreated digester gas varies depending upon the origin of the sludge and variations
in the anaerobic digestion process. The typical composition of digester gas as it occurs in Water
Corporation processes is detailed in Table 7. Although the values summarised in Table 7 shall form the
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basis for detailed design of digester gas related infrastructure, representative sampling at the specific
site shall be performed prior to any new design being undertaken. Where such sampling yields deviations
from the relevant ranges of individual species noted in Table 7, the Custodian shall be consulted for
input prior to the progression of any design activities.

Representative gas sampling shall be undertaken as per the requirements of the gas sampling
specification.

The physical differences between digester gas and natural gas (or domestic gas) is the composition (e.g.
digester gas, to a varying extent, has lower percentage of methane and greater concentrations of carbon
dioxide), the quantity of moisture and the quantity of Hydrogen Sulphide (H2S). These characteristics
demand higher material and equipment specifications as well as regular inspection and maintenance
requirements due to their toxicity and effect on system components.

Table 7: Accepted composition of digester gas at Water Corporation sites

CONSTITUENT UNITS RANGE

TYPICAL VALUES

Beenyup WWTP
Woodman Point

WWTP

Methane (CH4) % 15 - 75 63 54
Carbon Dioxide (CO2) % 25 - 50 36 44
Nitrogen (N2) % 0 - 10 0.75 0.25
Hydrogen (H2) ppm 0 - 1 NA 1900
Hydrogen Sulphide (H2S) ppm 0 - 4 2700 3500
Oxygen (O2) % 0 - 2 0.15 0.05

2.5 Classification

In mid-2021, the classification of digester gas (or more broadly, biogas) manufactured by the

Corporation at Woodman Point and Beenyup WRRFs was updated from UN1971 to UN1953. This
escalation of classification was a result of the undertaking of a risk analysis and subsequent preference
by the Corporation to have the classification updated.

An in-principle agreement was sought by the Corporation with the Regulator (Department of Local
Government, Industry Regulation and Safety – DLGIRS) to apply CSA/ANSI B149.6 as a suitable code
of practice for digester gas systems and assessment associated of risks. 

Subsequently dangerous goods licenses for both the Beenyup and Woodman WRRFs were amended
and are summarised by Table 8 below. The information included in Table 8 is to be used by the designer

in future amendments to (or creation of, as applicable) to the dangerous goods license and associated
risk assessments.

Table 8: Dangerous goods classification for digester gas

BEENYUP WRRF WOODMAN POINT WRRF

Site Details

Operator Water Corporation

Site Address Beenyup WRRF 922 Ocean
Reef Road Craigie 6025

Woodman Point WRRF 837
Cockburn Road Munster WA
6166

Dangerous Goods Storage 
Licence No.:

DGS007712 DGS009658

Product Details

Manufacturer Water Corporation
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Active Constituents Biogas mixture of 55-65% methane, 30-40% carbon dioxide, and
0.3% hydrogen sulphide

Physical State Colourless gas

Physical appearance, odour,
other characteristics.

Colourless, toxic, flammable, and asphyxiating gas, with a
characteristic rotten egg odour.

Classification

UN No.: UN1953

Proper Shipping Name COMPRESSED GAS, TOXIC, FLAMMABLE, N.O.S.

Assessment Ref.: 123827848 123680336

Handling and storage of digester gas, therefore, shall comply with the requirements of the Regulator

Dangerous Goods Safety Guide and associated codes of practise for the storage and handling of
dangerous goods.

A safety data sheet (SDS) for digester gas produced by the Corporation has been included in Annexure
II for reference.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/123827848
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/123680336
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3 BASIS OF STANDARD REQUIREMENTS

3.1 General

CSA/ANSI B149.6:2020 (herein known as ANSI/CSA B149.6) shall form the basis for the design,
construction and commissioning requirements of all Corporation digester gas systems. Therefore,
except in instances of consumer gas, a compliant design is one which fulfils all the requirements listed
within CSA/ANSI B149.6 unless where amended by the Standard or project specific requirements as
listed by  in the annexure to the executed instrument of agreement.

Amendments to CSA/ANSI B149.6 made herein  have been informed by other relevant national or
international standards, industry best practise, or  specific experience in relation to
digester gas systems. Unless otherwise specified, these amendments are deemed to exceed the minimum
requirements as listed within CSA/ANSI B149.6.

For consumer gas, a compliant design is one which fulfills the requirements of AS 5601 and AS 3814
respectively unless amended by the Standard. Again, unless otherwise specified, these amendments are
deemed to exceed the minimum requirements as required by local legislation.

Although not strictly covered by the Standard, CSA/ASNI B149.6 also covers the requirements for the
utilisation (i.e., operation and maintenance) of biogas which may need to be considered by the Designer

in the development of any technical specification and other bid ready documentation required for the
engagement of a suitably qualified construction contractor, depending on the scope of services expected
to the be provided by that contractor.

3.2 Structure and Applicability of CSA/ANSI B149.6:2020

3.2.1 General

Preamble and mutual requirements withstanding, CSA/ANSI B149.6is split into three main parts being:

• Part I – Digester Gas Systems (Sections 4 to 13 inclusive);

• Part II – Landfill Gas Systems (Sections 4 to 22 inclusive); and

• Part III – Agricultural Biogas Systems (Sections 23 to 32 inclusive).

Although similar, each of these sections cover the standard requirements for the relevant biogas systems.
Sections outside of those listed above are as considered common and thusly applicable to all three parts.

Currently,  use of biogas is covered solely by ‘Part I – Digester Gas Systems’ and
therefore, only requirements listed within Sections 1 to 13, and normative annexures apply.

These requirements, with or without mention, are considered mandatory by the Standard unless
modified or excluded by specific mention within the Standard.

3.2.2 Reference Standards

CSA/ANSI B149.6refers to several Canadian or American standards whose requirements may be
normative in the context of biogas. Unless specifically excluded within the Standard, the requirements
of the reference standards apply.

Where exclusions of such referenced standards apply an appropriate alternative shall be provided.

3.2.3 Alternative Standards

Where normative requirements of an excluded standard are referenced in CSA/ANSI B149.6, the list of
alternative standards, as summarised by Table 9 apply.
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Table 9: Alternative standards

 Referenced Standard Alternative

Designation Title Designation Title

1 CSA B149 Natural Gas and Propane
Installation Code

AS 5601.1 Gas Installations – General
Installations

 



Design Standard No. DS 92  

Design, Installation and Commissioning of Digester Gas Facilities

Uncontrolled if Printed Page 53 of 124
Ver 3 Rev 0

© Copyright Water Corporation 2025

4 DESIGN – GENERAL

4.1 Designer Experience

The person or persons supervising, approving or reviewing respective elements of the design of a new
installation, or design of a modification to an existing installation of a digester gas system owned or
operated by the Corporation must have at least five (5) years of proven design experience in consumer

gas and/or non-consumer gas (generation, storage and fired) facilities and possess a recognised
qualification in the relevant competency standards.

Such recognised qualifications include:

(a) Chartered professional engineer (structural, mechanical, process, electrical design) with NER
standing.

(b) Those defined in AS 4761:2008 Competencies for Working with Electrical Equipment For
Hazardous Areas (EEHA) - Competency Standards.

(c) Those defined in AS/IEC 61508 and AS/IEC 61511 and certified, as a minimum, a:

a. Functional Safety Engineer (TÜV FSEng) by TÜV Rheinland Industrie Service GmbH
ASI; or

b. Certified Functional Safety Professional (CFSP) by the CSFE Governance Board -
Exida.

Such persons must also be familiar with, or with or be able to draw directly upon persons experienced
in, construction, commissioning, operation, and maintenance of gas (generation, storage and
consumption) installations – digester gas and consumer gas as appropriate.

NOTES:

53. Informative: The design elements required for the storage, conveyance, treatment, or consumption of digester

gas within digester gas installations is unusual insofar as that it is not constitute works typically undertaken
by, or on behalf of the Corporation. Furthermore, Designers normally engaged to undertake design works on
behalf of the Corporation may not be sufficiently experienced in delivering the process elements required for
digester gas installations. Hence, Designers engaged to undertake design works relating to digester gas

installations shall have demonstrated extensive experience in delivering those design elements.  

4.2 Engineering Design Process

The engineering and detailed design process for the design and delivery of digester gas systems shall
comply with the requirements set out by the  Engineering Design Guidelines and all
relevant Corporation Design Standards unless otherwise modified by the Standard. Particular attention
is to be paid to the  requirements pertaining to process, treatment, mechanical, and
electrical design as described by the DS 80, DS 70, DS 30 and DS 20 series of design standards

respectively. 

NOTES:

54. Informative: The engineering design process is unique to the specific delivery strategy of an asset but always
comprise of the following design stages:

• Advice

• Concept Design

• Engineering Design

• Detailed Design

• Tender and Construction Advice

The elements of each of these design stages, and their associated requirements, are to always be met but can
often be combined or separated to meet the project specific requirements as required.
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4.3 Development of Project Specific Works Approval

All works (including design) undertaken within a digester gas system operated by the Corporation shall
be subject to the requirements of the Western Australian Environmental Protection Act 1986 (EP Act)
as enforced by the Department of Water and Environmental Protection (DWER). The EP Act requires
that a Works Approval be obtained prior to constructing within a premises and makes it an offense to
cause an emission or discharge without a license to do so at that premises.

The Designer shall ensure that the design and installation requirements of such works complies with the
requirements of the Works Approval if already established. If not yet established, the Designer shall
assist Representative in formulating the inputs to the application for the establishment
of an agreed Works Approval.

Development of input to the Works Approval where works involve the upgrade to a digester gas system

that may reasonably involve the emission of odorous gases during any stage of the asset lifecycle shall
be undertaken per the guidelines set out by DWER in Guideline: Odour Emissions.

Input to the Works Approval where works involve the installation of an appliance, other than like-for-
like replacement, shall be undertaken per the draft guidelines set out by DWER in Guideline: Air

Emissions.

NOTES:

55. Normative: The Works Approval application form, IR-F09, shall be referenced by the Designer for the nature
of input required. The current revision of this form is available from the DWE te.

56. Informative: It is the responsibility of the Representative (and associated environmental
advisor) to undertake an environmental assessment and gain all required approvals as per the Corporation

work instruction HSEAA-WI-065 (58551404).

4.4 Third-party Design Review

Due to the risks involved with digestor gas systems, the design of such installations also requires
acceptance of the design and installation process by means of a third-party review, as outlined by Section
14 of the  Engineering Design Guidelines. At a minimum all process, mechanical,
electrical, I&C, and structural elements pertaining to digester gas systems shall be included in such a
third-party review.

The Third-party Review Report shall be prepared and endorsed by the reviewer summarising the
findings of the review and shall include a standalone statement within the annexure stipulating that the
design meets the requirements of the certified standards. The designer shall reference and summarise
the outcomes of this review within the relevant engineering design stage summary report, including the
final report as a design deliverable.

NOTES:

57. Normative: The requirements for the undertaking of a third-party design review of digester gas systems, as
stipulated by the Standard, shall not supersede requirements for third-party design reviews on ancillary
systems or non-digester gas systems included in the scope of the design job and that may be otherwise be
required by other design standards. 

4.5 Approvals

4.5.1 General

 Asset Acquisition Process includes External Approval steps that are relevant to a
digester gas installation. Specific to digester gas installations include:

• Submission of a notice of completion for the digester gas installation prior to commissioning;

• Inspection and certification of all installed appliances by a certified Type B Appliance Inspector
prior to energisation;

https://www.wa.gov.au/government/publications/guideline-odour-emissions
https://www.wa.gov.au/government/publications/draft-guideline-air-emissions
https://www.wa.gov.au/government/publications/draft-guideline-air-emissions
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58551404
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• Completion of Western Power Technical Compliance Report and Customer Connection
Schedules: Technical Schedules A, B and C1 prior to synchronising to the network (if embedded
power generation is delivered as a part of establishment or upgrade of a digester gas

installation).

• Completion of Western Power Customer Connection Schedules: Technical Schedules C2 prior
to normal operation (if embedded power generation is delivered as a part of establishment or
upgrade of a digester gas installation).

It is  responsibility to be aware of all external approvals that may be required. The
Designer at the establishment of a design job for a digester gas installation, the Designer is to prepare
a schedule of required approvals noting when they are to be delivered and by whom. This schedule is to
be maintained throughout the life of the project, updated with the delivery status of each. An updated
copy of this schedule is to be submitted along with the deliverables particular to that stage of the design.

4.5.2 Approval of Type B Appliances

Section 5.4 of the Building & Energy publication ‘Guidelines for the approval of industrial gas

appliances in Western Australia summarises the process by which approvals for final certification of
appliances is to be undertaken [4]. These are divided into three distinct stages, being:

• Installation;

• Commissioning; and

• Certification

These three stages have been incorporated in the Corporatio  design process as described below:

(a) Approval for Design – defined as the process by which the preferred consultant reviews the
design brief and submits an estimate to undertake the entire works, to include design, installation
and commissioning as well as the generation of a detailed Technical Submission.

(b) Preliminary Design – defined as the verification of planning decisions, definition of the primary
engineering outline of the works, definition of the required operator facilities and preparation
of an estimate for completion of the design, installation and commissioning of the works, to
allow a technical review and acceptance of the recommended design concept (i.e., Approved
for Installation). This phase shall also include a HAZOP.

(c) Engineering & Detail Design - defined as the detailing of the major components, definition of
the functional requirements, preparation of significant engineering calculations and detailed
drawings and specifications. It also involves preparation of a detailed estimate for completion
of the design, installation and commissioning of the works. On completion, the design will be
subject to third party review to confirm that the design conforms to EnergySafety codes and
practices, and any existing Hazardous area rating for the area of the plant concerned. This phase
shall also incl ty in Design Report

(d) Aquisition – This phase includes purchase of all equipment, preparation of tender documents,
contract award and physical construction. 

(e) Commissioning & Handover – defined as the pre-commissioning, commissioning and approval
to handover (to customer) stages.  This shall include updated HA Verification Dossier (HVAD)
for the area of plant concerned containing all relevant verification and certification
documentation (i.e., Certificate of Competent Person, HA Classification Report & Drawings,
Ex Equipment Register, Equipment Certificate of Conformity/Conformity Assessment

Document, Simple Apparatus Justification, Ex Design Calculation, Inspection & Test

Refer HA-ST-10 EEHA Verification Dossier Standard).

The Designer shall be aware of this process in the development of the design of digester gas

installations, making it clear to other stakeholders (i.e., the Corporation, potential Contractors, package
vendors, etc.) of their roles in that process. 

https://www.commerce.wa.gov.au/publications/guidelines-approval-type-b-gas-appliances
https://www.commerce.wa.gov.au/publications/guidelines-approval-type-b-gas-appliances
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A Certificate of Compliance template developed by the Corporation is included in Annexure III.

NOTES:

58. Informative: The commissioning and handover requirements (see §13) have been tailored to meet the
requirements of the Water Corporat t Handover Guidelines.

4.5.3 Dangerous Goods License (new or amendments to existing)

DLGIRS requires Dangerous Goods License applications to be developed by accredited licensing
consultants, a list of whom can be found on their website.

For new or modified DG Installations, the designer shall engage an accredited licensing consultant to
develop the license application during the engineering design stage. 

The completed license application shall include:

• Emergency Response Plan;

• Emergency Services Manifest; and

• Dangerous Goods Risk Assessment.

These three documents are all prepared by the Principal (i.e., Chemical Safety Specialists in Water
Treatment section) with input from the designer as required.

License applications shall be submitted to DLGIRS for approval at the completion of engineering

design.

4.6 Establishment of a Flammable Gas Area

4.6.1 General

During the detailed design phase for works pertaining to the development of a new or modified digester

gas installation, the layout of the associated flammable gas area(s) (FGA) shall be established or
reconfigured as necessary.

This is achieved through the submission of the following drawings:

a) New or updated FGA Key Plan drawings – intended for operations and maintenance clearly and
unambiguously highlighting the FGAs within a site (e.g., Beenyup FGA Key Plan – 12410-041-

403-01).

b) New or updated FGA demarcation set-out drawings – intended to define the demarcation
requirements for the establishment (by a contractor) of individual FGAs (e.g., Beenyup – 12410-
080-016-02). FGA demarcation set-out drawings shall at a minimum detail:

a. the set-out coordinates for demarcation, signage, and points of ingress/egress;

b. the type of demarcation required (e.g., chain-link fence, roped-off barricading, painted
marking along roads or across intersections); and

c.  any other project specific requirements as necessary.

NOTES:

59. Informative: Small, low risk, plants may not have established FGAs and as such the individual HACs are to
be referred. The delivery of FGA drawings shall be defined on an as needed basis within the Project Specific
Requirements.

4.6.2 Design Rationale

The layout of an FGA shall consider the following design factors:

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/85484953
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/85484953
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a) An FGA must wholly contain any areas classified as hazardous per the HAC carried out in
accordance with AS/NZS 60079 that are;

a. Horizontally – within 1m from the outer extent of any defined hazardous area(s); and

b. Vertically – within 3m of any defined hazardous areas from the ground level or other
accessible working platform;

b) Be consistent with the current Water Corporation HAMS and working within FGAs ethos; 

c) Must not needlessly incorporate adjacent thoroughfares (e.g., roads or footpaths);

d) It must be as topographically simple as possible as to avoid confusion to nearby personnel; and

e) Minimise, to all reasonable extents, the inclusion of equipment that is not within hazardous
areas (and thusly not assigned an EPL) that may otherwise become burdensome to maintain or
operate as intended if personnel are needlessly required to obtain FGA permits (e.g.,
switchrooms, ancillaries, etc.).

4.6.3 Execution

Where there is a requirement for the designer to prepare a technical specification for a contractor to
install FGA demarcation, this shall be made clear in the contract pe of works making reference
to the demarcation drawings as required.
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5 DESIGN  -  SAFETY  ASSESSMENTS & ESTABLISHED

SAFETY SYSTEMS

5.1 General

The high-risk nature of digester gas installations operated by the Corporation owes largely to two
factors – risks associated flammable and toxic gas, and the selection of apparatus and/or appliances to
handle that gas, and the unfamiliarity (or reduced exposure) that the Corporation has to digester gas

systems.

To address the risks associated with digester gas systems, the Designer shall place emphasis on the
assessment of risk factors and the reliability/suitability of treatments influencing that risk.

NOTES:

60. Informative: Although overall (corporate) risk is normally increased with a greater number of installations,
with only two digester gas installations within  asset portfolio, such installations represent
a very small fraction of the overall operational portfolio and are still considered obscure yet objectively
warrants disproportionately high level of consideration.

5.2 Hazard & Operability Study

Hazard and Operability Studies (HAZOPs) shall be undertaken for design jobs (or projects) per the
Engineering Design Guidelines. Such assessments shall be undertaken per the requirements of the

 Design Standard – Process Engineering: DS 81 and existing HAZOP Work Instruction

(58548409) as developed by the Corporation.

Where the design job (or project) includes (wholly or in part) the design of new or modified digester

gas systems an associated HAZOP shall be completed during both, engineering and detailed design.

A design job specific HAZOP Work Instruction and associated terms of reference shall be developed
by the Designer for all design jobs that include (wholly or in part) digester gas systems prior to
undertaking any design related activities. The Designer shall review and assess the template HAZOP
Work Instruction for adequacy to cover digester gas systems. As an outcome of this assessment, where
gaps are identified in the template work instruction, the design job specific work instruction shall be
updated accordingly.

In addition to those noted in the HAZOP Work Instruction, inputs or considerations worth noting (not
exhaustive):

a) Attendance and input by knowledgeable and qualified package supplier representative(s);

b) Outputs from individual apparatus/appliance package HAZOPs as completed by the package
Supplier or Manufacturer;

c) Impact of flammable/toxic gases that may be leaked into the environment

d) Explosion/fire consequence zones as assessed prior;

e) Minimum spacing/clearance between apparatus/appliances/personnel/environment as dictated
by effects such as:

a. Incident radiation;

b. Ignition sources;

c. Toxic atmospheres, etc;

f) Process control functions as summarised in an established preliminary Functional & Control
Description, or detailed final Basis of Functional Control Philosophy for each digester gas

system within the digester gas installation considered; and

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58548409
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58548409
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g) Outcomes reviewed by Gas Installation Inspector and/or Type B Appliance Inspector as
relevant.

HAZOP outcomes are to be reported per the Engineering Design Guidelines and summarised within the
Engineering Summary and Detailed Design Reports as relevant.

NOTES:

61. Normative: Regardless of whether changes have been made to the process design between engineering design
and detailed design, an updated HAZOP shall be completed during detailed design and the outcomes
summarized in the associated detailed design report.

5.3 Process Safety Plan

Per the requirements Section 2.3 of DS 81, a process safety plan (PSP) shall be developed or updated
for each unit process within the design of digester gas installations.

The Process Safety Plan shall be developed per the existing PSP Work Instruction (143463583) as
developed by the Corporation.

The project specific PSP shall be finalised prior to commissioning following the completion and
finalisation of the HAZOP and SIL Determination (if necessary) and implementation of associated
treatments.

5.4 Safety in Design

Safety in Design (SiD) shall be undertaken for all design jobs (or projects) per the Engineering Design

Guidelines. Such assessments shall be undertaken per the existing SiD Work Instruction (58574982) as
developed by the Corporation.

A design job specific SiD Work Instruction shall be developed by the Designer for all design jobs that
include (wholly or in part) digester gas systems prior to undertaking any design related activities. The

Designer shall review and assess the template SiD Work Instruction for adequacy to cover digester gas

systems. As an outcome of this assessment, where gaps are identified in the template work instruction,
the design job specific work instruction shall be updated accordingly.

5.5 Hazardous Area Assessment and Classification

5.5.1 General

A hazardous area assessment shall be undertaken for all design jobs (or projects) that include (wholly
or in part) new or modified digester gas systems. Completion of the assessment and compilation of the
Hazardous Area Classification Report and deliverables shall be in accordance with 
Electrical Equipment in Hazardous Areas (EEHA) Hazardous Area Classification Standard: HA-ST-02.

5.5.1 Scope

An appropriately qualified representative of the Designer shall undertake a hazardous area assessment
and produce an associated Hazardous Area Classification of the explosive atmospheres identified within
digester gas installations in accordance with AS/NZS 60079. 

The scope of the classification covers existing and new areas of the plant which will be affected by the
installation works.

The outcomes of the assessment and the classification of the individual areas are to be summarised in a
consolidated report known as the Hazardous Area Classification (HAC) and on detailed arrangement
drawings.

https://nexus.watercorporation.com.au/otcs/cs.exe/link/143463583
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58574982
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5.5.2 Designer Competency

All personnel partaking in the classification of hazardous areas shall comply with the relevant
requirements of  Electrical Equipment in Hazardous Areas (EEHA) - Competency
Standard: HA-ST-04.

The  (as relevant) shall be aware of their requirements in relation to the
assessment of Hazardous Areas. Guidance can be found in Hazardous Area Assessment – Guidance for

Design Managers (101003948).

5.6 Functional Safety

5.6.1 General

Installation of a new, or modification to an existing digester gas system requires the establishment or
update of a Functional Safety framework specific to the digester gas installation impacted in accordance
with the requirements of AS/IEC 61511.

Such an approach will aim to set out the need and minimum safety functions that are to be undertaken
by a Safety Instrumented System (SIS) to minimise the risk associated with a process hazard that cannot
be minimised by means of elimination or substitution. The design and implementation of such SIS shall
be established to meet  minimum safety criteria.

Functional safety shall be assessed for the entire digester gas installation paying particular attention to
terminal points of vendor equipment or existing installations having already been assessed for functional
safety in accordance with AS/IEC 61508 and AS/IEC 61511 as appropriate.

NOTES:

62. Informative: Although functional safety standards are not directly legislated outside of AS 3814, they are
referenced within the Code of Practice: Managing Risks in the Workplace [5] and Western Australian

Government Gazette No. 143 dated 28 August 2020 [6].

63. Informative: Although the Dangerous Goods Safety Act 2004 and referenced regulations are legal instruments,
the Codes of Practice are not. However, the Act they can be used in a legal proceeding.

64. Informative: Digester gas, being classified as a dangerous good, establishment or upgrade of digester gas

installations is subject to application of the approved codes of practices as published by Westerns Australian
State Government in the Western Australian Government Gazette No. 143 dated 28 August 2020 [6]. 

5.6.2 Safety Integrity Level (SIL) Determination (also known as SIF

Allocation)

Based on the outcomes of the HAZOP, where safety instrumented functions (SIF) are identified as the
only remaining means of treatment, they shall be further assessed within the allocation of safety
functions to protection layer phase of the safety lifecycle.

A SIL determination is to be carried out on all such identified instrumented safety functions within the
digester gas installation, in accordance with AS/IEC 61511. The aim is to ensure that a safety function
is allocated to protection layers reducing the risk of each to a tolerable level. The key outcomes include:

• Allocation of all safety functions to relevant protection layers;

• Determine the required SIFs; and

• For each SIF, determine the necessary safety integrity requirements.

In accordance with AS/IEC 61511, there are several methods of completing a SIL determination. The
Corporat preferred method is the Layers of Protection Analysis (LOPA) however the design is not
constrained to this method and may be otherwise agreed by the  Representative.

NOTES:

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/101003948
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/101003948
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65. Informative: Within Australia, the requirements for the application of the functional safety approach are found
within AS/IEC 61508, which predominantly provides requirements for manufacturers and suppliers of
functional safety equipment, and AS/IEC 61511, which states requirements for system designers, integrators
and operators.

66. Informative: Except for industrial and commercial gas-fired appliances under AS 3814, and programmable
systems under AS 4024, there is no legal requirement to apply AS/IEC 61511. However, both AS/IEC 61508
and AS/IEC 61511 were gazetted as part of the Dangerous Goods regulations per section 20 of the Dangerous
Good Sasfety ACT 2004, making them mandatory to consider for application.

67. Informative: The Corporation, as a plant operator, does have a legal requirement to manage risks within their
plants, and AS/IEC 61511 is widely considered to be the industry best practice method of managing process
risks via instrumented safety systems.

68. Informative: A SIF is not a preferred means of risk reduction. It is normally required when the existing controls
or Independent Protection Layers are insufficient to reduce the risk to a tolerable level.

5.6.2.1 Terms of Reference

A set of agreed terms shall be established between the Designer and the Corporation. As a preference,
such terms shall be established based on existing terms where already established for the site. Where
new terms are required, the details are to be developed by the Designer having incorporated input from
key stakeholders.

The aim of these agreed Terms of Reference is to align expectations relating to how safety integrity
level (SIL) determination of the digester gas installation is to be completed. At a minimum, this shall
include agreement on:

a) Method of SIL determination;

b) Initiating event frequency;

c) Target process safety levels and severity levels;

d) Event Frequency layer probability of failure of demand;

e) Event Mitigation layer probability of failure of demand; and

f) Restricted access occupancy rates.

5.6.2.2 Severity Levels & Target Process Safety Levels

At a minimum, severity levels used within all SIL determinations are to be aligned with the

 consequence ratings as defined in S389 Corporate Risk Assessment Criteria (58553636).

Table 10 specifies the severity levels (or ‘consequence ratings’) and associated target process safety
level (or ‘level of risk tol  as aligned with  risk assessment criteria. These
values are to be reviewed and agreed by facilitator, the Designer, and 
and documented in the final revision of the Terms of Reference.

These values, as agreed and documented in the Terms of Reference cannot be altered during or after the
SIL determination.

Table 10: Severity levels and target process safety levels

SEVERITY

LEVEL

LIKELIHOOD TO ACHIEVE

LOW RISK LEVEL

TARGET PROCESS SAFETY

LEVEL

Catastrophic - 0.00001

Major - 0.0001

Moderate 0.03 0.03

Minor 0.1 0.1

Insignificant 0.2 0.2

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58553636
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5.6.2.3 Typical Event Frequencies Layer Probability of Failure of Demand (E-PFD)

Event frequency typical to the design works shall be established and documented in the Terms of
Reference prior to the SIL determination. Other t lure of BPCS’, the event frequencies may be
modified within the workshop, subject to consensus amongst the participants, based on the instance
being assessed.

PFDs typical to digester gas installations is summarised by Table 11 below.

Table 11: Typical layer PFDs

LAYER OF PROTECTION OR INITIATING CAUSE TYPICAL E-PFD COMMENTS

Control System

 

Failure of an instrumented BPCS non-safety 
rated control loop inclusive of sensor,
controller and final element (fixed lower limit)

0.1 Per AS/IEC
61511.3:2018

Equipment tripping 0.1 to 10 

Miscellaneous Mechanical
Equipment

Sudden catastrophic failure of damaged 
pipe/vessel

0.0001 

Catastrophic failure of damaged pipe/vessel 0.01 

Failure of a heater / boiler 0.1 

Catastrophic failure of a hose 0.1 

Failure of a Pressure Regulating Valve or 
Pressure Relief Valve 

0.01 

Unintentional closure of Emergency 
Shutdown Valve

0.1 

Emergency Shutdown Valve failure to 
close/seat

0.01 

Heat Exchangers Shell and tube – tube leak 0.1 

Shell and tube – tube rupture 0.04 

Plate – seal leak  

Pumps/Compressors Pump or compressor failure 0.1 

Seal Leakage 1 

Single mechanical seal failure 0.1 

Double mechanical seal failure 0.01 (0.12) 

Non-return valves Failure to prevent reverse flow 0.1 

Failure to open (prevention of forward flow) 0.1 

Cooling Fans Single fan (of N fans) failure 1 

Failure of N fans 0.1 to 0.01 

Blockages Line or nozzle blockage 0.1 to 0.01 

Demister blockage 0.1 to 0.01 

Strainer or filter blockage 0.1 

Orifice blockage 0.1 to 0.01 

Heat exchanger blockage 0.1 to 0.01 

Vibration Less than 100% of maximum design flow 0.05 Ref.: Energy Institute of
London Guidelines
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LAYER OF PROTECTION OR INITIATING CAUSE TYPICAL E-PFD COMMENTS

120% of maximum design flow 0.07 x initiating cause 
frequency

150% of maximum design flow 0.12 x initiating cause 
frequency

200% of maximum design flow 0.20 x initiating cause 
frequency

Human/Operator Error Simple task and completed under a standard
operating procedure in a low stress situation,
per task.

0.001 x task frequency 
(per year)

Complex task completed under a standard
operating procedure in a low stress situation,
per task.

0.01 x task frequency 
(per year)

Simple task completed under a standard
operating procedure in a high stress situation,
per task.

0.01 x task frequency 
(per year)

Complex task completed under a standard 
operating procedure in a high stress situation,
per task.

0.1 

Simple task completed without standard 
operating procedure in a high stress situation,
per task.

0.1 

Complex task completed without standard 
operating procedure in a high stress situation,
per task.

1  

Utilities Sudden loss of power utility (mains power) 0.1 

Sudden loss of instrument air 0.01 

Sudden loss of service Water TBD 

Loss of fire water TBD 

NOTES:

69. Normative: Basic process control system (BPCS) layer shall have an event frequency of 0.1.

70. Normative: PFD values given by Table 11 associated with equipment failures assume such equipment is
operated within their respective design envelope.

5.6.2.4 Typical Event Mitigation Layer Probability of Failure of Demand (PFD)

Event mitigation layer PFDs typical to mitigation apparatus used within digester gas installations is
summarised by Table 12. The values described therein are to be considered, agreed to, and documented
in the Terms of Reference.

Values used may be altered within the SIL determination subject to consensus of the participants.

Agreed values are to assume the plant is:

• well maintained;

• operated within the design parameters specified; and

• operated be suitably trained operators.
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Table 12: Event mitigation layer PFDs

MITIGATION LAYER PFD

Pressure relief valve 0.01

Bund 0.01

Fire Protection system or deluge system (non-safety rated) 0.1

Gas detection and shutdown system (non-safety rated) 0.1

Risk of ignition within a controlled or hazardous area with 
certified equipment

0.1

5.6.2.5 Occupancy

Credit may be granted due to low occupancy of a site if unmanned for a significant portion of time or if
restricted access is applied to the area of an impact event.

Occupancy is calculated as the proportion of time the event area is occupied by personnel and the
number of personnel.

Restricted access is common within  digester gas installations as they are often used
to manage risks associated with flammable gas areas and prevention of falls.

Assessing where restricted access areas may extend to lower the risks associated with an impact event
may be considered advantageous if the event area is not already considered a restricted access area.
Delimit trict ll consider the associated operational and maintenance
impacts having done so. 

5.6.2.6 Layers of Protection Analysis (LOPA)

LOPAs shall be undertaken as a valid method of SIL determination in accordance with AS/IEC 61511
Annex F. The inputs to the outcomes of a LOPA include the established Terms of Reference and
participant discussion. 

In accordance with AS/IEC 61511, the facilitator of the LOPA shall be trained and certified as competent
in the LOPA methodology.

The composition of t t IEC 61511.3 shall be met as a minimum,
but also include:

a)  Design Manager and supporting discipline advisors;

b) The  Service Delivery Representative;

c)  Job Manager and supporting discipline advisors; and

d) The facilitator

The outcomes of the HAZOP shall form the basis for the identified initiating cause of each impact event
and the associated severity level. Members of the LOPA team are responsible for assessing the impact
event, initiating cause, and frequency of event by way of consensus. Where such consensus cannot be
met, industry best practises are to be relied. 

5.6.2.7 Allocation of Safety Functions

The outcomes of the SIL determination form the basis of allocating a safety integrity function for each
hazard.

Each SIF determined to be required is to be summarised in a SIL Determination Summary Report. The
report is to reference the minutes of all meetings used in developing the allocations and list the LOPA
team who contributed. As a minimum, a SIL Determination Summary Report shall include:

(a) Limitations;
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(b) Summary of assessed impacts;

(c) Number and details of SIFs identified to be required;

(d) Number of open actions developed as an outcome of the assessment required to avoid allocation
of a SIF; and

(e) Any subsequent reviews required.

If determined that SIFs are required, the outcomes of the allocation shall for each hazard, as summarised
in the SIL Determination Summary Report shall be carried forward for the development of a SIS
Specification.

Where no SIFs are identified as being required, it shall be clearly stated that the existing layers of
protection satisfy the minimum safety criteria subject to the completion of any actions having been
identified within the SIL determination.

NOTES:

71. Normative: The HAZOP and associated actions shall be completed prior to the SIL determination as it forms
the basis for impact identification and associated initiating cause.

72. Informative: The LOPA method provides a robust process to quantitatively determine SILs and is extremely
common within industry owing to its rigorous process providing a more accurate assessment of SILs compared
to other simpler qualitative methods.

5.6.3 Safety Instrumented Systems

5.6.3.1 Safety Requirements Specification

The aim of a SIS Safety Requirements Specification (SRS) is to document the safety requirements of
each SIF within the SIS. This specification forms a basis for the design, verification, validation, and
assessment of each SIS.

The Designer is to prepare the SIS SRS to meet the requirements of Clause 10 of AS/IEC 61511.

Based on the outcomes of the SIL determination, the specification shall detail every function that must
be performed by a SIS.  Minimum outcomes required shall be detailed and be incorporated into the
Project Specific Requirements for implementation.

5.6.3.2 Design & Minimum Level of Engineering

Design of a SIS or multiple SISs shall be in accordance with AS/IEC 61511 to meet all minimum
requirements of SIFs identified as required from the SIL determination and detailed in the SIS Safety
Requirements Specification.

5.6.4 Functional Safety Management Plan

In lieu of an existing, installation specific, Functional Safety Management Plan (FSMP), the Designer

shall develop an installation specific Functional Safety Management Plan (FSMP) for reference
throughout design, installation, commissioning, operations and maintenance, and de-commissioning
asset lifecycles.

For projects whose scope is the upgrade of a digester gas installation where a FSMP for that existing
digester gas installation has already been established and in use, the Designer shall request check-out
of the working copy for revision.

The FSMP comply with Section 5 of AS/IEC 61511 and at a minimum shall list:

a) What management processes and activities are to be followed;

b) Who is responsible for those activities;

c) Expected inputs and desired outputs for each activity;
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d) Auditing activities;

e) Verification and validation activities; and

f) Minimum competency requirements.

A preliminary FSMP shall be delivered alongside the SIS SRS at the completion of Engineering Design

and be re-issued at the completion of Detailed design noting any changes.

The preliminary FSMP be updated by the Designer to an as-constructed revision at the completion of
the installation and commissioning validation.

Reference to the FSMP shall be included in the updated Operation & Maintenance Manual.

5.7 Consequence Modelling

5.7.1 General

Consequence modelling is a means to understand areas impacted by a loss of containment of digester

gas, resulting in a fire and/or explosion. The intent is to use this information when designing the location
of normally occupied buildings, or for siting of temporary/portable buildings, within or adjacent to
digester gas installations and locating emergency muster points. It also aids in assessing the impact to
areas outside the installat  property boundary as per HIPAP 4 Guideline.

Consequence modelling shall be undertaken on:

a) All apparatus defined as digester gas storage per §1.8.54 of the Standard;

b) At locations where digester gas, or its derivatives, may be vented to atmosphere under normal
or abnormal operating scenarios;

c) Where other credible risks of digester gas, or its derivatives, discharging to the atmosphere has
been identified per the HAZOP, SiD, FSA, or any other safety assessment undertaken; and

d) For all other apparatus, not defined as digester gas storage, where pre-screening assessment
outcomes exceed trigger thresholds defined therein. 

Consequence modelling shall be undertaken by the Designer (or ) using
industry agreed and proven modelling tools operated by duly qualified and experienced personnel
trained in its use.

Consequence modelling shall be undertaken per Section 5 of Hazardous Industry Planning Advisory

Paper No. 6 – Hazard Analysis: HIPAP 6 [7] noting the specific requirements below.

NOTES:

73. Informative: Other credible risks of digester gas discharging to the atmosphere (per §5.7.1c)) may include any
event which results in the unintentional and uncontrolled release of digester gas not specifically addressed
within the Standard. Examples may include overhead digester gas header pipework breakage due to vehicle
collision, digester gas pipework breakage due to transmission of excessive mechanical vibration, and
unintended venting of digester gas through an appliance as a result of control system failure.

74. Informative: Per §5.7.1d), apparatus not defined as digester gas storage but delivered within the digester gas

installation may be determined to require consequence modelling. Examples include storage facilities of other
dangerous goods as prescribed by regulation 8 of the Dangerous Goods Safety (Storage and Handling of Non-

explosives) Regulations 2007 [8] (e.g., Liquid propane gas, sodium hydroxide, ferric chloride solution, etc.).
Although mentioned here, it xpected that the Designer treat dangerous goods other than digester gas per
the requirements of the  treatment series of design standards (i.e., DS 70 series).

5.7.2 Consequence Scenarios for Flammable, Toxic and/or Asphyxiant Gases

Consequence modelling shall, at minimum, assess the following consequence scenarios (as relevant) for
each event scenario considered:

a) Ignition consequence scenarios:

https://www.planning.nsw.gov.au/sites/default/files/2023-03/hazardous-industry-planning-advisory-paper-no-6-hazard-analysis.pdf
https://www.planning.nsw.gov.au/sites/default/files/2023-03/hazardous-industry-planning-advisory-paper-no-6-hazard-analysis.pdf
https://www.legislation.wa.gov.au/legislation/prod/filestore.nsf/FileURL/mrdoc_46220.pdf/$FILE/Dangerous%20Goods%20Safety%20(Storage%20and%20Handling%20of%20Non-explosives)%20Regulations%202007%20-%20%5B02-t0-00%5D.pdf?OpenElement
https://www.legislation.wa.gov.au/legislation/prod/filestore.nsf/FileURL/mrdoc_46220.pdf/$FILE/Dangerous%20Goods%20Safety%20(Storage%20and%20Handling%20of%20Non-explosives)%20Regulations%202007%20-%20%5B02-t0-00%5D.pdf?OpenElement
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a. Jet Fire – The continuous turbulent diffusion flame due to the combustion of gas

released from an orifice (rupture or hole) into the atmosphere with significant
momentum in a specific direction or directions;

b. Flash Fire (deflagration) – The combustion of gas/air mixture in which the flame front
passes through the mixture at subsonic speeds; and

c. Explosion (detonation) – The combustion of gas/air mixture in which the flame front
passes through that mixture at sonic or supersonic speeds.

b) Gas dispersion consequence scenarios – the dispersion of gas into the atmosphere resulting in
elevated concentrations of flammable or toxic species contained within the gas/air mixture with
the potential to result in the following consequence scenarios:

a. Toxicity due to high concentrations of toxic species;

b. Asphyxiation due low concentrations of oxygen having been displaced by high
concentrations of asphyxiant species; and 

c. Flash fire potential due to the diffusion of gas cloud (or plume) containing flammable
species into the surrounding atmosphere not exposed to an ignition source.

5.7.3 Events and Cases

For the purposes of consequence modelling events are defined as the outcome of a hazard that has been
identified in undertaking a risk assessment. Examples of events often considered in digester gas

installations include pipe breakage, uncontrolled digester venting, or a catastrophic structure failure
digester gas storage. These events are considered to be the root cause of the consequence scenarios
discussed above.

Cases represent the possible combinations in which a single event can occur resulting in differing
consequence effect impact areas for each. For example, differing weather cases (in which differing wind
speeds and directions are considered) will significantly impact the explosion overpressure effects area.

Event-cases and associated consequence effect impact area are known as scenarios.

5.7.4 Reporting Thresholds

5.7.4.1 Radiation & Explosion Thresholds for Flammable Gases

Heat radiation and explosion overpressure reporting thresholds used in consequence modelling shall be
as per those nominated in Hazardous Industry Planning Advisory - Criteria for Land Use Safety

Planning: HIPAP 4 [8] without modification. Relevant threshold values for heat radiation and explosion
overpressure their associated effects have been summarised in Table 13 and Table 14 respectively.

Effects relating to asset damage or personnel injury due to projectile impact as a result of an explosion
event must also be considered.

Table 13: Excerpt from Table 6 of HIPAP 4 [8] summarising the heat radiation threshold values and their relevant effects.

THRESHOLD 

VALUE

EFFECT DESCRIPTION

4.7 kW/m2 Will cause pain in 15 to 20 seconds and injury (at least second degree burns) after 30
xposure.

12.6 kW/m2 Effects include:

• Significant chance of fatality for extended exposure. High chance of injury;

• Causes the temperature of wood to rise to a point where it can be ignited by
a naked flame after long exposure; and

• Thin steel with insulation on the side away from the fire may reach a thermal
stress level high enough to cause structural failure.

https://www.planning.nsw.gov.au/policy-and-legislation/hazards
https://www.planning.nsw.gov.au/policy-and-legislation/hazards
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THRESHOLD 

VALUE

EFFECT DESCRIPTION

23 kW/m2
Effects include:

• Likely fatality for extended exposure and chance of fatality for
instantaneous exposure;

• Spontaneous ignition of wood after long exposure;

• Unprotected steel will reach thermal stress temperatures which can
cause failure; and

• Pressure vessel needs to be relieved or failure would occur.
35 kW/m2

Effects include:

• Cellulosic material will pilot ignite within one minut xposure; and

• Significant chance of instant fatality for people exposed.

Table 14: Excerpt from Table 7 of HIPAP 4 [8] summarising the explosion overpressure threshold values and their

relevant effects.

THRESHOLD 

VALUE

EFFECT DESCRIPTION

3.5 kPaG Effects include:

• 90% glass breakage;

• Low probability of injury; and

• Nil probability of fatality.
7 kPaG Effects include:

• Aforementioned equipment damage;

• Minor (repairable) damage to building internals (partitions and joinery);

• 10% probability of injury; and

• Nil probability of fatality
14 kPaG Effects include:

• Aforementioned equipment damage;

• Building severely damaged;

• Medium to high probability of injury; and

• Low probability of fatality.
21 kPaG Effects include:

• Aforementioned equipment damage;

• Reinforced structures distort;

• Storage tanks or vessels fail;

• High probability of injury; and

• 20% probability of fatality of persons in a building.
35 kPaG Effects include:

• Aforementioned equipment damage;

• Mobile equipment overturned;

• Injury certain – Threshold for eardrum damage;

• 50% probability of fatality of persons in a building; and

• 15% probability of fatality for persons outside (in the open).
70 kPaG Effects include:

• Aforementioned equipment damage;

• Complete destruction of buildings;
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THRESHOLD 

VALUE

EFFECT DESCRIPTION

• Injury certain – Threshold for lung damage; and

• 100% probability of fatality of persons in a building.

5.7.4.2 Flash Fire Threshold Values for Flammable Gases

Lower explosive limit (LEL) shall be used for flash fire reporting thresholds used in consequence

modelling. The two reference threshold values are summarised by Table 15.

Table 15: Threshold values for flash fires and their relevant effects

THRESHOLD 

VALUE

EFFECT DESCRIPTION

UEL Ignition certain if gas/air mixture is exposed to a source of thermal energy above the
mixt tion energy.

100% LEL Ignition certain if gas/air mixture is exposed to a source of thermal energy above the
mixture’s minimum ignition energy.

60% LEL High probability of ignition of gas/air mixture if exposed to a source of thermal energy
above the mixture’s minimum ignition energy.

NOTES:

75. Informative: 60% LEL is generally accepted to be the lower consequence threshold due to the high potential
for a non-homogeneous gas/air mixture where localized pockets of that mixture exist in ratios between LEL
and UEL.

5.7.4.3 Toxicity & Asphyxiant Threshold Values

Gas components deemed either toxic (by inhalation) or asphyxiant shall be considered and threshold
values defined and justified on a case-by-case basis to meet project specific requirements. These
threshold values are to be agreed for use by the Custodian prior to undertaking the modelling.
Preliminary threshold values have been summarised in Table 16 below.

Due to the nature of the events, consequences exposure times should be restrained to between 15 minutes
and 1 hour.

Table 16: Preliminary toxicity and asphyxiation consequence threshold values and their relevant effects.

CONSEQUENCE REF.

MIXTURE

SPECIES

PRELIMINARY

THRESHOLD

MODEL 

AVERAGING

TIME/

EXPOSURE

TIME

EFFECT DESCRIPTION

Toxicity H2S 1 ppm 60 minutes Long-term extent of consequence.

5 ppm 60 minutes Short-term exposure limit (STEL) ACGIH

10 ppm 60 minutes TWA

427 ppm 60 minutes Specified Level of toxicity (SLOT) to
personnel exposed within the exposure
time.

604 ppm 15 minutes

707 ppm 60 minutes Significant likelihood (50%) of death
(SLOD) to personnel exposed within the
exposure time.

1,000 ppm 15 minutes

CO2 30,000ppm 60 minutes Short-term exposure limit (STEL) ACGIH

63,000ppm 15 minutes



Design Standard No. DS 92  

Design, Installation and Commissioning of Digester Gas Facilities

Uncontrolled if Printed Page 70 of 124
Ver 3 Rev 0

© Copyright Water Corporation 2025

CONSEQUENCE REF.

MIXTURE

SPECIES

PRELIMINARY

THRESHOLD

MODEL 

AVERAGING

TIME/

EXPOSURE

TIME

EFFECT DESCRIPTION

75,000ppm 60 minutes Significant likelihood of toxicity (SLOT) to
personnel exposed within the exposure
time.

84,000 ppm 15 minutes Significant likelihood (50%) of death
(SLOD) to personnel exposed within the
exposure time.

100,000 ppm 60 minutes

Asphyxiation O2 > 19.5 % (v/v) Normal range; no adverse effects.

< 15 % (v/v)  Nausea, vomiting, risk of fainting, impaired
respiration.

< 10 % (v/v) Unconsciousness, convulsions, possible
death.

< 6 % (v/v) < 1 minute Immediate convulsions, apnea, cardiac
arrest, death likely

NOTES:

76. Informative: H2S concentration SLOT and SLOD thresholds calculated on toxic load constant of 2x1012

ppm4.min and 1.5x1013 ppm4.min respectively.

77. Informative: CO2 concentration SLOT and SLOD thresholds calculated on toxic load constant of 1.5x1040

ppm4.min and 1.5x1041 ppm8.min respectively.

78. Informative: SLOT and SLOD threshold concentrations are calculated based on the respective toxic load
constant per the method described in Assessment of the Dangerous Toxic Load (DTL) for Specified Level of

Toxicity (SLOT) and Significant Likelihood of Death (SLOD) [9].

79. Informative: Per the Australian Dangerous Goods code, at atmospheric pressures, carbon dioxide does not
meet the criteria for classification as a dangerous good.

5.7.5 Inputs, Assumptions & Limitations

Where inputs are necessary for the modelling required, these shall be made available by 
Representative within the design job brief or upon request of the Designer. Where requested input data
does not exist, the Designer shall make reasonable assumptions based on experience. Where such
assumptions are made, a justification shall be provided and agreed with the Custodian prior to the
commencement of modelling.

Inputs are broadly split into two categories: global and mutable. Global inputs are deemed fixed for the
purpose of consequence modelling and thus are note case or event dependant. Conversely, mutable
inputs are discrete representations of variable site or process conditions. Typically, only one value is
representative of the worst-case modelling outcome (e.g., maximum higher heating value always results
in the worst-case heat radiation modelling outcomes). Where such inputs don’t have a single, logical
value which would otherwise result in the worst-case modelling outcomes, several values shall be
adopted (typically minimum and maximum of the operating values). The relevant and realistic
combinations of global and mutable inputs define the cases.

NOTES:

80. Informative: Examples of global inputs may include ambient conditions (where not impacted by wind or
atmospheric stability), terrain relief and roughness, other fixed site-specific details, software parameters, etc.

81. Informative: Examples of case defining inputs include gas composition, gas flow rate, lower and higher
heating value (function of gas pressure and composition), gas inventory, release direction and height,
reference height, rupture size and characteristics, wind strength and atmospheric stability, etc.

https://www.hse.gov.uk/chemicals/haztox.htm
https://www.hse.gov.uk/chemicals/haztox.htm
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5.7.6 Outcomes & Reporting

Outcomes of the consequence modelling shall be used to inform the treatments and residual risk ratings
applied to the relevant events identified in the HAZOP and SiD studies.

Outcomes of the consequence modelling shall be detailed in a standalone Consequence Modelling

Report for future reference. This report, at a minimum, shall include:

a) Executive summary – concisely summarising the outcomes of the modelling.

b) Purpose – Provide a brief explanation as to the purpose of the consequence modelling.

c) Introduction and background – Discussion of sufficient detail to inform the reader the context
of the modelling undertaken and why it was undertaken (i.e., site details, impact to existing
infrastructure, project details and scope of works, current arrangement, etc.).

d) Method – Detail the assessment method including software packages used; and extent of
analytical, empirical, or numerical methods used.

e) Assumptions and limitations – detail any assumptions made (including justification) or model
limitations including impact on model sensitivity and fidelity. Example assumptions include:

f) Inputs – Detail the inputs used for the modelling. Example inputs include:

g) Results – Detail the outcomes of the modelling providing explanation and interpretation as and
where required. Reportable results include but not limited to:

a. Details of events considered (including root cause factors) having referenced the
appropriate hazard in the relevant risk assessment;

b. Summary of event-case scenarios;

c. Event-case scenario outcomes for:

i. Dispersion:

1. Tabulated dispersion modelling outcomes of downwind distance to
threshold values for each event-case scenario;

2. For each event-case and dispersed species, height versus distance
dispersion area plots with differentiated isolines for each threshold
value considered; and

3. For each event-case and dispersed species, a horizontal plane
dispersion area plots with differentiated isolines for each threshold
value considered at the reference height;

ii. Heat radiation:

1. Tabulated jet fire modelling outcomes of flame length and downwind
distance to all non-trivial threshold intensity values for each event-case
scenario at the reference height;

2. Tabulated flash fire modelling outcomes of downwind distance to all
non-trivial threshold intensity values for each event-case scenario at
the reference height; and

3. For each event-case, a horizontal plane impact area plots with
differentiated isolines for each threshold intensity value considered at
the reference height superimposed onto an aerial photo of the digester

gas installation;

iii. Explosion overpressure:
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1. Tabulated explosion overpressure modelling outcomes of impact
radius and downwind distance to all non-trivial threshold pressure
values for each event-case scenario at the reference height; and

2. For each event-case, a horizontal plane impact area plots with
differentiated isolines for each threshold pressure value considered at
the reference height superimposed onto an aerial photo of the digester

gas installation.

d. Model sensitivity analysis outcomes.

h) Summary and Recommendations – A concise summary of modelling outcomes detailing:

a. Impact to existing and proposed infrastructure;

b. Impact on design impact;

c. Recommended treatments and further works (if required).

The Consequence Modelling Report shall be referenced in both the Engineering Design and Detailed
Design Reports (as relevant to the design job) and outcomes summarised in a specific section of each
report.

Native modelling files shall be provided to  along with the Consequence

Modelling Report for storage in  document management system.

Where design changes impacting the hazard events occur (either within the single design job or
subsequent design jobs), the consequence modelling shall be revised to incorporate those changes. 

Where consequence modelling had been undertaken during a previous design phase (e.g., engineering
design) and no material changes have stemmed from undertaking latter design (e.g., detailed design),
the relevant design job Design Report need only make reference to the existing modelling.
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6 DESIGN – PROCESS

6.1 General

Process design shall be in accordance with the requirements of  Design Standard –

Process Engineering: DS 81 unless otherwise altered by the Standard.

The process design specific to digester gas systems centres around the treatment of digester gas such
that it may be usefully converted to an alternate form of energy or otherwise destroyed. Key treatment
elements include:

• Desulphurisation – Removal of hydrogen sulphide

• Moisture removal – Removal of water vapour

• Siloxane removal – Removal of 

Additional treatment elements not mentioned within the Standard may be applicable if:

• other uses are defined for treated digester gas or it te by-product; or

• other contaminant species are defined and determined to be treated.

The design of treatment elements varies in method and complexity.

The requirements for such additional treatment elements, including their limits and performance
requirements, will be defined in the project specific requirements.

NOTES:

82. Informative: An example of an additional treatment process not currently employed on digester gas systems

operated by the Corporation include the liquification of the CO2 species within the raw digester gas. Given
the value and unreliable supply of liquid CO2 to  needs elsewhere (e.g., pH correction), such
a treatment process was considered.

83. Normative: It is to be noted that t t t include naturally occurring

condensate but rather the water vapour within digester gas that would persist if not otherwise removed.

6.1.1 Treatment Limits

Designers shall determine treatment limits of the respective treatment element process in context of the
digester gas system under consideration. Inputs to this treatment limit shall, at a minimum, consider the
following:

a) current and future digester gas rates of production;

b) current and future contaminant concentrations (e.g., hydrogen sulphide, siloxanes, ammonia,
etc.);

c) overall cost benefit of operating in alternate modes when limits are expected to be exceeded
(duration and frequency to be considered); and

d) operational impacts if the limit were to be exceeded.

The determination of treatment element limits shall be defensible and appropriately summarised by the
Designer, in the engineering summary and detailed design reports.

The proposed limits are to be agreed to be  prior to the specification of
any relevant equipment.
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6.2 Treatment of Digester Gas

6.2.1 Desulphurisation/Sulphur Removal

Desulphurisation is the process of removal of hydrogen sulphide from the digester gas to a concentration
that is suitable for consumption within appliances, or otherwise continued treatment within downstream
apparatus.

There are several employable methods in which hydrogen sulphide may be removed from a gas stream
such as:

• Chemical reagent capture including:

o Caustic dissolution with or without recovery

o Amine dissolution with recovery

o Ferrous or ferric (hydr)oxide reduction (more generally metal oxides or hydroxides)

• Absorption including:

o Activated carbon filtration (molecular adhesion)

o Molecular sieve

• Biological

• Membrane

• Sub-cryogenic cooling.

Given the variability in treatment methods, the appropriate treatment option shall be selected having
undertaken detailed assessment of suitability. Such assessment shall, at a minimum, assess cost benefit
to the Corporation, hazard level impacts, overall balance of plant suitability, operation and maintenance
complexity, and capability for operational and maintenance representatives of the Corporation to
undertake works determined to be required during the operational phase of the asset lifecycle.

Within the treatment limits agreed, desulphurisation systems shall be designed to reduce the
concentration of hydrogen sulphide within raw digester gas down to a maximum value being the lesser
of:

a) 100 ppm under normal operating conditions;

b) 275 ppm during short-term process upsets;

c) that stipulated by the manufacturer of any installed (or to be installed) downstream apparatus

with the lowest requirement being a subset of manufact ts of all downstream

apparatus used for the storage, conveyance, or further treatment of digester gas; or

d) that stipulated by the manufacturer of any installed (or to be installed) appliance with the lowest
requirement being a subset of manufact ts of all appliances that are (or are
eligible to be) supplied clean digester gas.

Due to the operational complexity and increased risk profile of sour gas removal using amine scrubbing
(MDEA scrubbing), such method of treatment is prohibited without formal consent from the Custodian.

NOTES:

84. Informative: The maximum performance requirement of 275ppm as specified in §6.2.1b) above has been
determined as the maximum level to which the Jenbacher J420 prime movers utilized at Beenyup WRRF may
be operated without significant impacts to maintenance effort required.

85. Informative: Due to the reduced efficiency at low H2S concentrations, the acute toxicity, potential
environmental impacts, and user inexperience; the use of MDEA for the purposes of desulphurisation within
digester gas systems is not preferred.
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6.2.2 Moisture Removal

Moisture removal is the removal of water vapour from the digester gas to a concentration that is suitable
for consumption within appliances, or otherwise continued treatment within downstream apparatus.

Similar to desulphurisation, there are several employable methods in which moisture may be removed
from a gas stream such as, listed in order of efficacy (and cost):

• Chemical solute drying (e.g. glycol absorption)

• Desiccant drying (e.g., pressure swing absorption of molecular sieve)

• Membrane (e.g., glassy polymer)

• Condensation refrigeration.

Due to the higher tolerance for moisture within fuel gas and the associated cost of treatment beyond this
point of tolerance, condensation refrigeration method is typically employed within digester gas systems

worldwide and is currently the only method employed by the Corporation.

Regardless, the Designer shall assess all available methods of moisture removal for applicability of
deployment on respective digester gas installations. Such assessment will, at a minimum, assess cost
benefit to the Corporation, hazard level impacts, and overall balance of plant suitability.

Moisture removal systems shall be designed to reduce the relative humidity of the digester gas to a
maximum value (φMax) being the lesser of:

a) 50%;

b) that stipulated by the manufacturer of any installed (or to be installed) downstream apparatus

with the lowest requirement being a subset of manufact ts of all downstream

apparatus used for the storage, conveyance, or further treatment of digester gas; or

c) that stipulated by the manufacturer of any installed (or to be installed) appliance with the lowest
requirement being a subset of manufact ts of all appliances that are (or are
eligible to be) supplied clean digester gas.

The treatment process design shall ensure that the relative humidity of the digester gas is less than φMax

before the inlet to the appliance or apparatus dictating the requirement under all normal operating
modes.

A means of continuous confirmation of performance of the moisture removal system shall be
implemented at the outlet of the overall digester gas treatment facility (i.e., at the inlet to the fuel gas

distribution manifold). Refer to §8.3 for requirements relating to instrumentation for the use of moisture
detection and §9.2 for associated interlocks.

NOTES:

86. Informative lance of plant suitabilit t for a better term, is used to describe how a piece of equipment
is for suitability from a contextual perspective. For instance, the use of a package that is rather chemical
intensive when viewed on its own may be considered too onerous to operate and/or maintain but, when viewed
in a wholistic context, may only result in a minor impost to the operation of the plant due to other chemical
services in the area.

87. Informative: Although not often the case, depending on treatment method selected, dedicated moisture
removal may not be required as moisture removal may be incidental to treatment of other contaminants (e.g.,
cryogenic separation of H2S from the digester gas).

88. Informative: Due to pressure and temperature changes to the digester gas, subsequent to moisture removal,
the relative humidity of the process stream is variable but often increasing.

89. Normative: The Designer is to be cautious of placement of moisture removal within the treatment facility
given the potential for other downstream treatment elements to re-introduce moisture to the digester gas.
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6.2.3 Siloxane Removal

Siloxane removal is the process of removal of siloxanes from the digester gas to a concentration that is
suitable for consumption within appliances.

There are several employable methods in which siloxanes may be removed from a gas stream such as:

• Chemical reagent capture (e.g., oil or methanol)

• Absorption including:

o Activated carbon filtration (molecular adhesion)

o Molecular sieve

o Membrane

• Sub-cryogenic (i.e., < -30 ºC) cooling.

Given the variability in treatment methods, the appropriate treatment option shall be selected having
undertaken detailed assessment of suitability. Such assessment shall, at a minimum, assess cost benefit
to the Corporation, hazard level impacts, overall balance of plant suitability, operation and maintenance
complexity, and capability for operational and maintenance representatives of the Corporation to
undertake works determined to be required during the operational phase of the asset lifecycle.

Within the treatment limits agreed, siloxane removal systems shall be designed to reduce the
concentration of siloxanes within raw digester gas down to a maximum value being the lesser of:

a) 2 mg/Nm3;

b) that stipulated by the manufacturer of any installed (or to be installed) downstream apparatus

with the lowest requirement being a subset of manufact ts of all downstream

apparatus used for the storage, conveyance, or further treatment of digester gas; or

c) that stipulated by the manufacturer of any installed (or to be installed) appliance with the lowest
requirement being a subset of manufact ts of all appliances that are (or are
eligible to be) supplied clean digester gas.

NOTES: 

90. Informative: Treatment limits for various appliances differ significantly. For example, internal combustion
engines typically require siloxane concentrations to be between 2 mg/Nm³ and 28 mg/Nm³, depending on the
manufacturer. Jenbacher engines, for instance, have an upper limit of 2.3 mg/Nm³.

In contrast, turbines and microturbines have much lower tolerance for siloxanes, with typical upper limits
being less than 0.1 mg/Nm³.

6.3 Process Monitoring and Intervention

6.3.1 Gas Storage

In the context of digester gas storage, control system monitoring, intervention, and alerting shall:

a) Be implemented per the requirements of Section 8.5.2 a) of ISO 24252;

b) Be established as to disallow inlet gas temperatures to exceed the lower of:

a. 60ºC;

b. The maximum allowable operating temperature as specified by the manufacturer of the
digester gas storage apparatus; or

c. The maximum allowable operating temperature as specified by the manufacturer of any
component installed on the inlet or outlet of the digester gas storage apparatus;

c) Include methane detection between the membrane layers which results in:
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a. The initiation of an alarm if the %LEL exceeds a predetermined high level; and

b. The automatic isolation of the storage apparatus and electrical equipment in the vicinity
if the %LEL exceeds a predetermined high-high level.

6.3.2 Digester Gas Analysis

Where downstream processes require the digester gas to meet a minimum level of quality (i.e., gas
specification); whether it be for asset or personnel safety, process reliability, or cost-optimisation; the
digester gas installation shall be equipped with one or more online gas analysers sampling the digester

gas at those process locations. Digester gas analysers shall be specified to measure concentrations of
the gas constituents deemed critical within the process stream. Typically, these include methane, carbon
dioxide, hydrogen sulphide, oxygen, and moisture. Based on the composition of the digester gas

(assessment undertaken by the Designer per the requirements of §2.4), if the digester gas specific to the
digester gas installation is characterised to include any other contaminants (e.g., ammonia) that may
require treatment or monitoring, the online analysis of that contaminant shall be included.

Sample locations for online analysis, at a minimum, shall include:

a) Immediately upstream of any digester gas treatment facility (excluding liquid condensate
removal);

b) Immediately downstream of any digester gas treatment facility (excluding liquid condensate
removal);

c) Where any intermediate downstream process within a digester gas treatment facility requires
the digester gas to meet a minimum specification for proper operation;

d) Immediately upstream of any common manifolds distributing digester gas derived fuel gas to
an appliance or appliances. 

Minimum sampling locations, methods, and handling for each of the common constituents is
summarised by Table 17 below.

Where multiple sampling locations are required and determined to meet the same analysis specification,
those samples may be analysed by a single, multi-channel analyser.

When considering the placement of analysers, the Designer shall place the analyser no further than 30
seconds (at minimum expected sample velocities) from the sample location.
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Table 17: Digester gas analysis requirements
LOCATION PROCESS 

MEDIUM 

SPECIES

ANALYSED

MINIMUM 

DETECTION

METHOD

UNITS ALARMS INHIBITS NOTES

MIN. OPT.

Pre-treatment Raw
digester
gas

CH4  Catalytic %v/v Yes: 

• . 

• .

None. 

CO2 Catalytic %v/v None. None. 

H2S Catalytic ppm Yes:

• AH: 90% of

treatment limit, 20
minutes.

• AHH: 110% of

treatment limit, 5
minutes.

Yes:

• Digester gas
treatment shutdown.

• Cell to be appropriately ranged for high,
untreated concentrations based on project
specific requirements.

• Alarm criteria to be established by the Designer.

 O2 Catalytic %v/v Yes:

• AH: 1%v/v, 30
seconds.

• AHH: 6%v/v, 5 
seconds.

Yes:

• ter gas

treatment shutdown.

• Downstream
Appliance shutdown.

• Required if risk of vacuum under normal
operation is not otherwise treated.

• Often included for convenience.

Post
treatment

Clean 
digester
gas

CH4 Catalytic %v/v Yes:

• AL: 30%v/v, 5

minutes.

• 25%v/v, 30

seconds.

None. 

CO2 Catalytic %v/v None. None. 

H2S Catalytic ppm Yes:

• 50% of max.
appliance inlet

Yes: 
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specification, 5 
minutes.

• 100% of max.
appliance inlet
specification, 30
seconds.

• tream

Appliance shutdown.

 O2 Catalytic %v/v Yes:

• AH: 1%v/v, 30

seconds.

• AHH: 6%v/v, 5

seconds.

Yes:

• ter gas

treatment shutdown.

• tream

Appliance shutdown.

Required if:

• Risk of upstream vacuum under normal
operation is not otherwise treated; and/or

• Air is injected to the gas stream as normal means
of treatment.

H2O  Infrared 
Spectroscopy

%RH Yes:

• 50% of max.

appliance inlet
specification, 5
minutes.

• x.

appliance inlet
specification, 30
seconds.

Yes:

• tream

Appliance shutdown.

• May be incorporated with fuel gas analyser if
analysers are at the same process location.

Common
appliance
feed

Fuel gas 
(i.e.,
treated or
untreated)

CH4 Infrared 
Spectroscopy

%v/v Yes:

• AL: 30%v/v, 5

minutes.

• 25%v/v, 30 
seconds.

Yes:

• tream

Appliance shutdown.

• Signal is required to be hardwired.

• Signal may need to be forwarded by PCS to
appliance burner or ignition management unit.

O2  Infrared 
Spectroscopy

%v/v Yes:

• AH: 1%v/v, 30 
seconds.

• AHH: 6%v/v, 5

seconds.

Yes:

• ter gas

treatment shutdown.

• tream

Appliance shutdown.

• Signal is required to be hardwired.

• Signal may need to be forwarded by PCS to
appliance burner or ignition management unit.
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6.4 Ancillary Processes

Typical ancillary processes include:

• Hot water systems – manufacture and supply of heated heat transfer liquid required for the
heating of a process fluid up above ambient temperatures.

• Chilled (refrigerated) water systems – manufacture and supply of chilled heat transfer liquid for
the chilling of a process fluid where ambient cooling systems won’t suffice.

• Chemical facilities – facilitation of delivery, storage, and transfer of consumable chemicals
required to support the operation of the relevant process element (e.g., caustic, oil, coolant, etc.).

• Cooling systems – the disposal of parasite heat generated (e.g., compressor cooling, RICE
cooling, etc.).

• Chemical treatment or recovery systems.

• Drainage systems.

Although not strictly covered by the Standard, ancillary processes required for the support of digester

gas treatment elements shall meet the general design principles appropriate to the process and the

 design standards where covered.

6.5 Handling of Digester Gas, Apparatus and Appliance Waste

Products

6.5.1 General

Several liquid waste streams are produced in the treatment and combustion of digester gas or digester

gas derivatives.

All liquid waste streams shall be suitably captured, treated, and disposed. The Designer shall carefully
consider site process drainage network, and the other processes contributing to that network, prior to its
use for the handling and conveyance of digester gas liquid waste by-product. Particular attention must
be made to the chemical compositions and contributions of the relative waste streams and the potential
for those mixing streams to result in an unintended process risk. Example risks include:

• the evolution of H2S due to drastic change in pH of the sulphur containing stream;

• blockages caused as a result of precipitation of a previously dissolved species within the waste
stream; and

• spillage to the environment due to damage to incompatible materials used within the drainage
network.  

NOTES:

91. Normative: Liquid waste streams in the context of the Standard is limited to that produced as a result of the
conveyance, treatment, and subsequent burning of digester gas or digester gas derivatives. Depending on the
site and appliances utilized, a great deal more liquid waste streams are likely to be generated (e.g., used engine
oil, coolant such as ethylene glycol used in chilled and hot water circuits, etc.). These additional waste streams
are not covered herein but shall be designed and installed to meet the higher of any relevant legislative,
Australian standard, manufacturer, other Corporation standard, and project specific requirements.   

6.5.2 Condensate

Facility shall be made for the capture and disposal of liquid condensate, along with any sediment (solid
particulate material), produced that would otherwise collect or accumulate at low points within the
digester gas piping or appliance exhaust systems affecting the operation of downstream apparatus or
appliances.



Design Standard No. DS 92  

Design, Installation and Commissioning of Digester Gas Facilities

Uncontrolled if Printed Page 81 of 124
Ver 3 Rev 0

© Copyright Water Corporation 2025

This shall by way of appropriate pipework grading and installation of drip trap or knock-out pot (refer
to §11.3 and §11.6 respectively for established requirements) at the resultant low points. Overall
condensate drainage shall be designed and constructed:

(a) Such the lowest elevation is in a location that facilitates the installation, operation and
maintenance of a drip trap or knock-out pot;

(b) To have adequately considered the liquid and gaseous phase mass flow rates; 

(c) In a manner which prevents the discharge of liquid condensate or sediment to the environment
without prior treatment;

(d) Outside of a confined space or building;

(e) Such that the release of gas is prevented during all operating modes;

(f) Such that failure of a condensate removal apparatus, or component thereof, does not result in
the flow of gas to the atmosphere;

(g) To include protections which monitor the state of the apparatus and/or the accumulation of
condensate and interlocks (via the process control system) as appropriate; and

(h) Such that, if manually operated or consists of a manual bypass, utilise approved isolation valves
that have a spring return closed functionality.

NOTES:

92. Informative: Condensate and sediment is usually captured and returned to the head of the treatment plant via
the process waste drainage system or the injected back into the sludge at a convenient location in the sludge
treatment process (typically at the digesters or upstream of the sludge dewatering facilities).

93. Informative: Condensate formation is the result of incidental or intentional reduction in temperature of a
gaseous mixture, containing water vapour, to below that of the mixt point. In the context of digester

gas, this occurs to differing degrees but there may be other sources of liquid water condensate which need to
be considered. The most notable of which includes appliance exhaust gas condensate which forms against
cold surfaces of the exhaust manifold during the appliance warm up period. Like digester gas condensate,
exhaust condensate is low pH and requires thoughtful disposal.

6.5.3 Sulphur Waste

Desulphurisation processes will result in associated waste streams which require appropriate means of
collection, conveyance and treatment. Although desulphurisation waste streams depend on the method
of H2S removal, typical treatment methods include a subset of:

• Caustic treatment with biological recovery:

o Continuous medium pH (between 7.0 and 9.0) elemental sulphur slurry stream;

o Intermittent high pH (between 8.5 and 9.0) sulphide bleed;

• Biological treatment:

o Continuous low pH (between 1.0 and 2.0) sulphuric acid effluent;

o Continuous high pH (between 8.5 and 9) sulphide salt (HS-1) stream;

The Designer shall assess the waste streams generated by the relevant treatment method employed and
ensure that they are adequately treated and disposed.

6.5.4 Combusted Gas Exhaust Product

Exhaust gas generated as a by-product of combustion within an appliance shall be exhausted to a safe
place in accordance with the relevant requirements of:

a) Project specific requirements as established by the Corporation; and

b) Project specific requirements as established by DWER in the Works Approval.
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NOTES:

94. Normative: Particular attention shall be paid to meeting the limited concentration of nitrous oxides emitted to
the atmosphere as per the maximum required by the Works Approval.

95. Normative: Refer to §4.3 for requirements pertaining to the establishment and compliance with the Works

Approval. 

6.5.5 Other Chemical Waste Product

Other chemical waste products produced as a part of the storage, conveyance, treatment, or consumption
of digester gas not mentioned by the Standard or within the project specific requirements shall be
defined by the Designer and proposed treatment method proposed for approval by 
representative.

Such products and their treatment will be retrospectively added to the project specific requirements by
the Corporation once properly defined.

NOTES:

96. Normative: Production and treatment of a waste product stream where not already established will require
approval from  in consultation with input from their internal environmental
consultants and DWER.
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7 DESIGN – MECHANICAL

7.1 Materials

7.1.1 General

Component material selection for use in digester gas systems shall comply with the general requirements
of Section 8.2 of CSA/ANSI B149.6.

Generally, materials shall be selected appropriate to the service and the process stream to which it is
subjected. Specifically, materials normally contacted by, or coming in contact with, (wetted by) digester

gas shall be appropriately selected to withstand the normally expected contaminant concentration at that
point in the treatment process of the digester gas system. Particular attention shall be placed in
considering how the materials in question react with H2S, aqueous CO2, and water (vapour or liquid).

Materials normally contacted by raw (untreated) digester gas shall be appropriately selected to withstand
the high contaminant concentration and if metallic, the design is constrained to grade 316L stainless
steel or greater. Conversely, the choice of materials normally contacted by clean gas are considerably
extensive by comparison. The minimum standards of materials discussed in the sections below are
representative of this the typical digester gas streams experienced within, or expected to experience,
within  digester gas systems. 

Preapproved materials deemed suitable for use by the Corporation are generally covered in §7.1.2 below
and more specifically by the line specification and standard apparatus specifications included in the
appendix to the Standard. The requirements listed in these specifications are considered normative.

Based on project specific requirements and ever-increasing options within this growing industry, if the
Designer believes that alternate materials are more suitable, written dispensation from these
requirements must be sought from the Custodian prior to inclusion within the design. However, due to
the dominant concern being corrosion modes due to the presence of dry or aqueous H2S, metallic
material selections other than what is allowed for by the Standard need careful consideration. The
Designer is encouraged to review the preferred selection with reference to NACE MR0175 and industry
norms having assessed that materials durability in high H2S environments prior to submission of such a
request.

Subject to other constraints, components (other than pipework systems) constructed of aluminium may
be used if the stream is not subject to high concentrations of H2S, CO2, SOx, nitrate, or ammonium.

Where materials are determined to be suitable for use, such suitability shall be subject to the specific
grade of material and associated heat treatment (as applicable). Two examples of materials with multiple
commercially available grades with differing performance with corrosive environments include:

• Grade 630 stainless steel (17-4PH): This material has better strength characteristics than that of
316SS but corrosion resistance equivalent to that of 304SS and may see preference over the use
of 316SS where strength is a limiting factor (e.g., shaft material). It is particularly sensitive to
hydrogen sulphide induced stress corrosion cracking if not heat treated accordingly, that is,
above 550ºC with an optimum value of 590ºC.  This material, per UNS designation S17400, is
available in four treatment options of which only H1075 and H1150 meeting this requirement.
Therefore, only these two grades are considered suitable for service when subjected to digester

gas containing concentrations of H2S above 250ppm.

• FKM: Generally, FKM has been determined to have poor serviceability when in the presence
of high concentrations of H2S (and to a lesser extent aqueous carbon dioxide). This susceptibility
however is very much dependant on the grade of FKM in question and although there are grades
that would otherwise be fit-for-purpose, these grades are not commonly offered off the shelf by
most equipment manufacturers. Therefore the use of FKM on digester gas systems is prohibited.
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NOTES:

97. Informative: The t ll the context of this section is to be taken to mean materials contacted by
raw digester gas in any of the normal operating modes of the installation. Beenyup ERF, per example, operates
in one of five normal operating modes (0 -  , 1 – tment Onl  – ter Only”, 3 – “One
Cogenerator”, 4 – “Two Cogenerators”). A sixth abnormal ters without treated gas” which is
only run when the digester gas treatment system is unavailable for extended periods. In this mode digester

gas is bypassed around the treatment facility and all downstream apparatus are exposed to raw digester gas.

98. Informative: The term tabl the context of this section is to be taken to mean a positive outcomes
evaluation of appropriateness based on a thorough risk assessment with inputs such as whole of life cost,
serviceability, durability, and safety (asset, personnel, and public) subject to both normal and abnormal
operating conditions.

99. Normative: The requirements regarding material selection specified by the Standard covers the
appropriateness of that materials selection when in contact with digester gas. The Standard does not address
corrosion management as a result of other external factors that may warrant additional consideration. An
example of such a factor is that of the material proximity to the coast. Standard assessment criteria and
mitigation techniques as required by DS30 and DS95 shall be employed to address such factors if determined
necessary by the Designer. 

7.1.2 Chemical Compatibility

The following materials are considered suitable for use on digester gas systems:

a) Metallic components:

a. Grade 316 stainless steel (e.g., CF8M for cast components, ASTM A312 for pipe forms)
wetted by digester gas or its derivatives, including clean gas.

b. Carbon steel wetted only by clean gas under normal operating conditions.

b) Elastomers:

a. Neoprene wetted by digester gas or its derivatives, including clean gas.

b. Nitrile wetted only by clean gas under normal operating conditions or by digester gas

or its derivatives only where deemed necessary due to the lack of suitable alternatives.

c) Polymers:

a. Acrylic wetted by digester gas or its derivatives, including clean gas.

b. High density polyethylene wetted by digester gas or its derivatives, including clean gas.

c. Polypropylene wetted by digester gas or its derivatives, including clean gas.

d. Polytetrafluoroethylene (PTFE) wetted by digester gas or its derivatives, including
clean gas.

Additional or supplementary standard material requirements and/or material specifications may be
discussed in the sections below.

PROHIBITED PRACTICES:

I. Use of any grade of EPDM (ethylene propylene diene monomer rubber), FKM (Fluorine
Kautschuk Material), or NR (natural rubber) within digester gas systems is prohibited.

7.2 Pipework

7.2.1 General

All pipework used within digester gas systems for the purpose of containing or conveying digester gas

or its derivatives shall:

(a) Be designed, fabricated and installed to meet the requirements of AS 4041 Class 2A;
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(b) Be constructed of seamless metallic materials determined to be compatible with the normal
operating process medium and conditions as per §7.1 of the Standard noting the following
minimum material standards and weights:

a. Schedule 10S Grade 316 Stainless Steel to ASTM A312 for clean or untreated digester

gas for pipework with diameters between DN80 and DN250 (inclusive);

b. Schedule 40S Grade 316 Stainless Steel to ASTM A312 for clean or untreated digester

gas for pipework with diameters less than DN80; or

c. Schedule 40 Carbon Steel to ASTM A106M for clean digester gas only for pipework
with diameters less than DN150 (inclusive).

(c) Be designed and installed to grade toward a drip trap, knock-out pot, or dead leg as applicable
and such grading shall be no less than:

a. 1:50 per AS 3814 for untreated digester gas or sweetened digester gas;

b. 1:80 for dry gas or clean digester gas;

(d) Be designed such that gas flow velocities are limited to less than:

a. 12 m/s under nominal design conditions;

b. 25 m/s under maximum design conditions; or

c. 50 m/s under emergency conditions.

(e) Be designed for above ground service;

(f) Have a maximum internal design pressure of 1.5MPa(g) (CWP);

(g) Be rated for vacuum pressures of at least 3kPa below atmospheric pressure;

(h) Be fabricated in accordance with the requirements of WS-1 (otherwise where amend by the

Standard);

(i) Be pressure tested subject to:

a. Individual welded piping components – Factory hydrostatic pressure test in accordance
with the requirements of AS 4041 at the fabricat place of works prior to the

application of any protective coatings (if applicable); and

b. Complete piping assemblies - Site pneumatic test in accordance with the requirements
of AS 4041 and AS 4037.

Where individually fabricated components of pipework are comprised of welded joint fittings, those
joints shall only be butt-welded type. The use of socket-welded fittings is prohibited.

The use of buried pipework within digester gas systems for the containing or conveying of digester gas

derivatives is prohibited without express permission from the Custodian.

The use of non-metallic pipework within digester gas systems for containing and conveying of digester

gas or digester gas derivatives is prohibited without express permission from the Custodian.

Pipework for use within digester gas systems for the containing or conveying of consumer gas shall
meet the requirements of AS 5601 and AS 3814 without alteration.

PROHIBITED PRACTICES:

II. Use of buried pipework within digester gas systems for the handling of digester gas or its
derivatives is considered prohibited practice.

III. Use of non-metallic pipework within digester gas systems for the handling of digester gas or its
derivatives is considered prohibited practice.

IV. Use of socket-weld fittings within digester gas systems used for the handling of digester gas or
its derivatives is considered prohibited practice.
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NOTES:

100. Normative: Where the is risk that pipework may be exposed to a more onerous process medium under normal
operating conditions, the material selections for pipework and pipework components shall be that of the
minimum required for that more onerous medium.

101. Informative: Velocity limits of §7.2.1(d) are subject to the Designer ensuring that pipework fittings and
components are rated for the velocities intended.

102. Informative: In situ pneumatic pressure testing of the assembled pipework in accordance with AS 4041 and
AS 4037 is mandated over that of hydrostatic testing based on applicability of digester gas piping systems to
Clause 6.6.1(i), (iii), and (v) of AS 4041.

103. Informative: Given the high concentration of H2S and moisture of digester gas, and the susceptibility of
passive metals to crevice corrosion, the presence of manufactured crevices need to be minimised as far as
practicable. 

104. Informative: The use of below ground pipework will require Custodian dispensation and is will typically only
be granted in instances where it is demonstrated that above ground options are not available, be dry (as to
avoid the accumulation of condensation, be of metallic or non-metallic construction as appropriate, and be
risk assessed and determined to be appropriate for such installation. 

7.2.2 Standard Piping Specifications

Preliminary standard pipe specifications, and associated piping classes, for the use within digester gas

systems for the purposes of containing or conveying digester gas, its derivatives, or consumer gas have
been included in Annexure IV of the Standard. These specifications are deemed ‘prel

as they represent the minimum requirements for pipework for uses outlined therein and are to be
modified by the Designer to meet project specific requirements and incorporated into the overall project
specifications for implementation. 

NOTES:

105. Normative: These specifications have been developed alongside the Standard and are representative of the
requirement set out therein. Where conflicts between the Standard Piping Specifications and the Standard are
found, those included within the Standard take precedence.

7.2.3 Pipework Materials

All pipework used within digester gas systems for the purpose of containing or conveying digester gas

or digester gas derivatives shall be per §7.2.1 of the Standard.

Pipework constructed from alternate materials and standards may be considered and will be subject to
the formal approval for use by the Custodian.

7.2.4 Flanged Joints and Flanges

All main run joints used within digester gas piping systems for the purposes containing or conveying
digester gas or its derivatives shall be flanged and: 

(a) Consist of flanges that:

a. Meet the requirements of ASME B16.5;

b. Be manufactured from identical materials of the pipework on which they are installed;
and

c. Be of welding neck type;
(b) Have a minimum ANSI pressure designation of class 150 (150lb);

(c) Utilise gaskets meeting the requirements of §7.2.5 of the Standard;

(d) Utilise studs bolts, hexagonal head bolts, and hexagonal nuts that:

a. Comply with the requirements of ASME B16.5 and B18.2.1;
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b. Are of the same material as the flanges within the flange joint;

c. Are appropriately sized for the flange joint in accordance with Clause 6.10 of ASME
B16.5; and

d. Are of the appropriate material grade required to achieve the minimum gasket stress as
determined by the Designer in the flange closure design;

(e) Be provided with suitable insulation kits for flange joints consisting of flanges of dissimilar
metals (refer to §7.2.5 of the Standard for further detail); and

(f) Be of raised face joint type.

Flanges are to be installed with bolt holes off-centre and vertically symmetrical.

A project specific flange closure design shall be developed by the Designer listing the specific
requirements (e.g., joint size, material, bolt lengths, torques, etc.) for each type of flange joint used
within the design job and be summarised within a Flange Closure Design Schedule. Where appropriate,
design job deliverables (e.g., isometrics, mechanical arrangement drawings, line lists, etc.) shall refer to
the relevant standard joints as listed within the Flange Closure Design Schedule.

7.2.5 Gaskets

Spiral wound gaskets shall be used on all flanged joints used in digester gas piping systems. Such spiral
wound gaskets are to meet the requirements of ASME B16.20 and shall meet the following
requirements:

(a) Ring and Material: 316L stainless steel

(b) Filler Material: Graphite

(c) Retaining: Double ring confined

Where the use of insulating flanged joints are required, a suitable insulation kit, compatible with the
normal operating process medium and conditions as per §7.1 of the Standard, shall be nominated by the
Designer. The insulated kit shall include insulating gasket, insulating bolt sleeves, and insulating
washers.

NOTES:

106. Informative: The use of gasket materials other than that specified above within a flanged joint constitutes the
designation of a “special joint and may be used where the need for such a joint is formally identified and
dispensation sought from the Custodian. Known instances of the other gasket materials in special joints used
in existing digester gas systems include neoprene (as nominated in ASME B149.6) and PTFE (where high
gasket stresses are likely) but have not been adopted as standard. 

7.2.6 Flexible joints

Flexible joints are only to be used in instances warranting their use. Such instances include:

(a) Vibration isolation; or

(b) Absorption of thermal expansion and contraction.

Flexible joints shall be constructed of 316L stainless steel.

The use of flexible joints for any other instance on a digester gas installation will be considered done
so for means of convenience and is strictly prohibited unless otherwise approved by the Custodian.

Where a flexible joint is specified for the purpose of vibration isolation, it shall be selected based on the
modes, frequency, and amplitude of longitudinal, transverse, and rotational (torsional) vibration
anticipated.

Where a flexible joint is specified for the purpose of thermal expansion/contraction take-up, it shall be
selected based on maximum expected amplitude of the displacement (about the mean) due to variations
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between maximum and minimum operating temperatures of the process medium or ambient
temperatures.

All flexible joints shall be as per the requirements listed in Clause 8.2.3 of CSA/ANSI B149.6 and shall
be flanged (i.e., incorporate flanged end connections) and not be relied upon for thrust restraint.

Where practical, flexible joints are to only be used in vertical service.

NOTES:

107. Normative: Flexible joints may not be used for the purpose of taking up movement due to infrastructure
settlement unless formally justified to, and accepted by the Custodian.

108. Normative: Flexible joints are not to be used for the sole purpose of eliminating misalignment between
equipment nozzles and pipework. All practical effort needs to be made during fabrication and construction
that nozzle loads are minimised to meet manufacturer specification without the use of flexible joints.

109. Normative: Thrust restraint, as required, shall be provided by adjacent pipework support and be designed as
such.

PROHIBITED PRACTICES:

V. Use of non-flanged flexible joints (i.e., flexible joints with non-flanged end connections) is
considered prohibited practice.

7.2.7 Branched Connections

Branched connections shall be applied in accordance with the pipe specification conforming to the
following:

(a) Branched connections less than DN80 shall be pressed fittings.

7.2.8 Threaded Joints

The use of threaded joints on main run  pipework within digester gas piping systems is prohibited. The
use of threaded joints shall be limited in accordance with the following requirements:

(a) Use limited to smallbore branch offtakes not exceeding DN25;

(b) the stress at the joint is minimised paying special attention to stresses caused as a result of
vibration and thermal expansion;

(c) be adequately supported;

(d) include a method of isolation as close as practicable to the intersection of the branched

connection and main run; and

(e) only be for the purposes of process sample, pneumatic control, or condensate drainage lines.

PROHIBITED PRACTICES:

VI. Use of threaded joints within run-pipe is considered prohibited practice.

7.2.9 Couplings, Dismantling & Special Jointing Systems

The use of non-permanent or removable couplings or dismantling joints (e.g., Teekay or Straub rubber
or metal grip couplings, Victaulic grooved, etc.) within digester gas pipework systems is prohibited. 

Where any special or proprietary jointing method is determined to be required, the use of such a system
shall have:

(a) Been successfully demonstrated for use on digester gas piping systems subject to broader
operating conditions than those of the system being designed;

(b) Been considered for suitability and approved for use by the manufacturer;

(c) Been approved for use by the Custodian; and
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(d) Installed and operated per the manufact tions.

NOTES:

110. Normative: The meaning of the term “coupling” as used above excludes permanent fixed flanged joints,
mechanical compression fittings on tubing, or suitable threaded connections as otherwise allowed within the

Standard.

111. Normative: Where the maintainability or serviceability of an apparatus warrants the use of a non-permanent
coupling for ease of removal, a flexible joint (as per §6.4.5 above) may be considered by the Designer.

PROHIBITED PRACTICES:

VII. Use of pipework couplings as described by §7.2.9 of the Standard is considered prohibited
practice.

7.2.10 Hoses

Hoses for use within digester gas piping systems shall comply with Section 8.2.3 of CSA/ANSI B149.6
where uses defined by Clause 8.2.3 a) warrant their use.

For large bore applications where flexible steel hoses per Clause 8.2.3 a) of CSA/ANSI B149.6 are
unavailable, or the limits of use are outside those defined in Clause 8.2.3 a) of CSA/ANSI B149.6, the
use of NBR hoses (i.e., non-steel hoses) are acceptable and shall:

a) Be weather and UV resistant as determined in accordance with ASTM D1149;

b) Have internal liners proven to be chemically compatible with the process medium in normal
operating conditions;

c) Be electrically conductive across its length as to provide continuity between metallic upstream
and downstream terminal points;

d) Have been considered for suitability and approved for use by the manufacturer;

e) Designed to be installed such that the minimum bending radius as specified by the manufacturer
is not contravened under any normal or abnormal operating mode;

f) Designed as to be adequately supported as to not impart, throughout all operating modes:

a. excessive loads on mating flanges or nozzles;

b. Loads or stresses to the hose, or its components, above the maximum allowable as
specified by the manufacturer; and

g) Comply with the requirements of EN 1762.

Where used for containing or conveyance of consumer gas, hoses shall comply with AS 1869 and be
selected from the AGA range of approved products.

NOTES:

112. Normative: Given the chemical resistance of PTFE, PTFE lined hoses, not meeting the requirements of EN
1762, intended for harsh chemical service is being considered for use with digester gas.

113. Normative: No known standards cover the use of flexible hoses for the purposes of digester gas conveyance
but due to size constraints of AS 1869 the use of EN 1762 is the preferred alternative.

7.2.11 Support

The piping support system shall be designed to meet the requirements of AS 4041 and:

(a) be capable of supporting the piping system and its contents;

(b) firmly restrain the piping in the intended position and control movement of the piping system,
taking into account any vibration effects and thermal expansion and contraction; and
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(c) be compatible in terms of materials of construction with the gas piping material where in contact
with or be electrically isolated (e.g., the use of insulated U-bolts).

NOTES:

114. Normative: For pipe with a nominal bore exceeding 200mm refer to AS 4041.

115. Normative: Although the design of the pipework shall aim to eliminate the accumulation of condensate, for
pipework where there is a risk of two-phase flow (whether during normal or emergency operating modes) the
associated support shall be designed to cater for the additional, maximum, weight of the liquid phase and the
forces imparted to the support as a result of the associated surges. 

7.2.12 Not Used

7.2.13 Bonding

Other than for isolating flange joints, all pipework shall be bonded across each flange joint per the
requirements of Section 11.4 of DS 28.

Where an item of equipment can be removed from service, upstream and downstream pipework shall
be bonded around that item of equipment such that the pipework remains electrically continuous if that
item of equipment were to be removed for the purposes of maintenance or replacement.

Earthing of pipework shall be considered as a part of the overall earthing design of the digester gas

installation.

7.2.14 Durability Treatment

Except for stainless-steel pipework, all pipework shall be externally surface treated per the requirements
of the Water Corporat Standard for the Selection, Preparation, Application, Inspection & Testing

of Protective Coatings - DS 95.

Stainless steel pipework shall be pickled and passivated per the requirements of WS-1.

7.3 Insulation -Thermal

7.3.1 General

Where required, pipework shall be thermally insulated per the requirements of AS 4426.

7.3.2 Corrosion Under Insulation

Where continuous heat cannot be guaranteed and the pipework or equipment may be subject to moist
and/or corrosive environments, specific treatment for corrosion under insulation (CUI) above that of
AS 4426 shall be considered by the Designer and detailed in the project specific durability plan.

As a minimum such CUI protection shall be:

(a) Carbon steel and Stainless steel between 70 ºC and 230 ºC - Interbond 2430UPC or alternative
equivalent; or

(b) Carbon steel for operating temperatures between 70 ºC and 120 ºC – Stopaq Wrappingband
CZHT or equivalent.

All corrosion protection shall be applied per the requirements of DS 95.

NOTES:

116. Informative: Although a continuous vapour barrier is required in accordance with AS 4426, pipework and
equipment are frequently exposed to moist and corrosive environments. Additionally, continuous heat
application cannot be guaranteed. Therefore, the vapour barrier alone should not be relied upon as an effective
corrosion inhibitor.
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7.4 Personnel Burn Protection

7.4.1 General

Per the requirements of DS 30-02, pipework or equipment shall employ personnel contact prevention
(personnel protection) where:

(a) Thermal insulation is otherwise not required;

(b) The contact surface has a normal operating temperature greater than 60 ºC;

(c) The contact surface is within 800mm horizontally of any accessways or normal working areas;
and

(d) The contact surface is within 2m vertically of any accessway or normal working areas.

7.4.2 Design

The design of personnel protection shall:

(a) Have a thickness no less than 1 mm;

(b) Manufactured of perforated stainless steel sheet to ASTM A240M or be constructed of wire
mesh;

(c) Have perforations of greater than 5mm but less than 25mm;

(d) Have a minimum free passage of 40%;

(e) Have a minimum standoff of 50 mm;

(f) Consist of individual sections weighing no greater than 15kg; and

(g) Allow for convenient removal from flanged connections or equipment.

7.5 Gas Sample Arrangements and Panels

7.5.1 Sample Locations

Facilities to take representative gas samples shall be provided:

(a) Downstream of the digester gas combined draw-off piping of each digester prior to any
condensate traps;

(b) Downstream of the combined digester gas draw-off piping from all digesters;

(c) Downstream of the gas storage;

(d) Downstream of any major condensate traps;

(e) Downstream of any pressure raising device;

(f) Downstream of each major gas treatment element (e.g., desulphurisation, moisture removal,
siloxane removal, particulate filter, etc.); and

(g) Upstream of any appliance.

7.5.2 Simple Sampling Station

Where pressures are below 7kPaG, simple sampling station may be installed at the locations listed
above.

Simple sampling facilities are to comply with the following:

(a) Be installed as closed to the bulk process pipework as practicable;
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(b) Be installed on normally flowing process pipework;

(c) Taken from the overt of the pipework as to avoid capturing condensed water;

(d) Include a self-closing DN12) ball valve followed by a ¼” (DN6) needle valve wit

barbed tail (for the connect tube);

(e) Be installed such that the le valve and barbed tube connection are inline, vertical, and
the discharge is pointing downward;

(f) Be installed adjacent to an accessible thermowell; and

(g) Include signage and labelling.

NOTES:

117. Informative: The design requirements for a simple sampling station are for used with standard multilayered
foil grab bags (i.e., Tedlar).

118. Informative: The requirement to have the sample points on normally flowing pipework is to ensure that
samples are not stagnant and are representative.

7.5.3 Sample Panel (or Complex Sample Station)

Where process pressures are greater than 7kPaG, the task of gathering a sample represents an elevated
hazard, or the process requires a high-fidelity sample; a dedicated sample panel is required to facilitate
the safe capture of a representative gas sample. Such a panel is to be designed by the Designer and must
include equipment appropriate for the safe gathering of the gas sample based on the method of sample
storage (e.g., sample bags, catch-pot, etc.).

The design of such a panel is to comply with relevant national and/or international standards (as
appropriate) and meet project specific requirements.

7.6 Purging Facilities

7.6.1 Connections

Purge points (or inerting points) shall be placed within each digester gas system strategically to allow
for the connection of a mobile purging panel, and complete and safe ingress of inert gasses into a
apparatus, a collection of apparatus, or facility, or digester gas system(s); for the effective and complete
displacement of air (oxygen) or hazardous gases from that apparatus, a collection of apparatus, or
facility, or digester gas system(s).

Purge points shall be:

(a) located upstream and downstream of each apparatus between the apparatus inlet and outlet
isolation valves;

(b) At the start and end of each major facility between the facility inlet and outlet isolation valves;

(c) Installed on the overt of the process pipework;

(d) Isolatable by N25) plugged ball valves; and

(e) Threaded.

Similarly, appropriate allowance must be made for the displaced gases to be vented in a safe location.
As per purge points, vents shall be isolatable by 1” (DN25) plugged ball valves.

7.6.2 Purge Panels

Commercial purge panels suitable for the application exist and may be appropriate as per project specific

requirements and may be permanent or mobile as per project specific requirements. 

At a minimum, purge panels, mobile or otherwise, shall include:
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(a) A suitable inlet for the connection of a nitrogen cylinder, or cylinder pack;

(b) An inlet isolation valve;

(c) An isolatable inlet vent;

(d) An isolatable and appropriately ranged inlet pressure indicator;

(e) An isolatable and appropriately ranged outlet pressure indicator;

(f) An appropriate outlet flow indicator;

(g) A N25) outlet connection; and

(h) An appropriate pressure reducer between the inlet and outlet sides of the panel.

All purge panel valves, pipework, and ancillaries are to be 1” (DN25)
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8 DESIGN – ELECTRICAL & INSTRUMENTATION

8.1 Electrical

8.1.1 General

Electrical infrastructure designed for use within digester gas installations shall be in accordance with
the requirements of  Water and Wastewater Treatment Plants – Electrical: DS 28.

All electrical equipment intended for use on digester gas systems is to be detailed within the detailed
design deliverables. Such deliverables include detailed procurement specifications and associated
returnable schedules. The procurement specifications for electrical equipment shall be based on the

Corporat  equipment relevant type specification. Where no such template type specification exists
for the type of equipment, the Designer shall prepare a detailed bespoke specification and set of
returnable schedules. 

Selection of electrical equipment for use within digester gas systems shall be made from the Electrical
Preferred Equipment List. Where no applicable equipment selections are available within that list, the

Designer shall make a recommendation from fit-for-purpose options available on the market having
been assessed to meet the Project Specific Requirements and the requirements of the Standard.

8.1.2 Generation

In addition to the requirements of DS 28, where an appliance intended for the generation electrical
power is installed, the Designer shall take the following considerations into account:

(a) That the requirements of the Technical Rules for the South West Interconnected Network are
met;

(b) That the design is coordinated in consultation with the appropriate Network Service Provider;

(c) That any additional requirements stipulated by the NSP in such consultation is deemed
normative subject to the approval of the Princ ;

(d) A working copy of the Technical Compliance Report and Detailed Customer Connection
Schedules are established at the start of engineering design (or at the beginning of any
subsequent phase if otherwise determined to not have already been established during
engineering design) and continually updated throughout every subsequent phase up to, and
including, energisation;

(e) Include an up-to-date copy of both the Working Technical Compliance Report and Working
Detailed Customer Connection Schedules with any applications or HV Submissions made to
the NSP; and

(f) Update the Working Technical Compliance Report and Working Detailed Customer
Connection Schedules to include any additional information or requirements provided meet
those of such documents issued, or re-issued, by the NSP.

NOTES:

119. Normative: The Working Technical Compliance Report and Working Detailed Customer Connection
Schedules shall be based on the templates published by the NSP current at the time of the design activates
being completed.

120. Informative: Installation specific Technical Compliance Report and Detailed Customer Connection Schedules
are typically issued by the NSP upon acceptance of the HV Submission but may be subsequently re-issued to
include updates to the network parameters or limitations based. Typically, these documents are only re-issued
if there has been significant changes to the network and/or extensive project delays.
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8.2 Design of Hazardous Areas & Equipment Selection

8.2.1 General

The Designer shall is responsible for all activities in relation to the classification, design, and selection
of equipment of hazardous areas in accordance with the following standards as developed by the

Corporation:

a) HA-ST-01 EEHA Management Plan Standard

b) HA-ST-02 Hazardous Area Classification Standard

c) HA-ST-03 EEHA Selection and Installation Standard

d) HA-ST-04 EEHA Competency Standard

e) HA-ST-11 EEHA Assessment of Non-AUS/ANZ/IECEx Equipment Standard

f) WSAA-GL-23 WSAA National Guidelines for Potentially Explosive Atmospheres –

Comprehensive.

In addition to the standards nominated above, the Designer shall be aware of the following standards as
developed by the Corporation:

a) HA-ST-05 EEHA Inspection Standard

b) HA-ST-06 EEHA Testing Standard

c) HA-ST-07 EEHA Maintenance Standard

d) HA-ST-08 EEHA Overhaul and Repair Standard

e) HA-ST-10 EEHA Verification Dossier Standard

8.2.2 Hazardous Area Classification

The assessment and development of a Hazardous Area Classification Report shall be undertaken per the
requirements of §5.5.

8.2.3 Equipment Selection

The Designer is responsible for the selection of equipment installed within hazardous areas.

The selection of electrical equipment for use within hazardous areas shall be in accordance with the
Corporat Electrical equipment in Hazardous Areas (EEHA) – Selection and Installation Standard:
HA-ST-03.

All equipment selected shall be detailed in the IFC detailed design deliverables (i.e., loop diagrams,
instrument schedules, electrical equipment schedules, etc.) to a sufficient level for a
construction/installation contractor to procure the correct equipment.

References to copies of valid compliance certifications for all equipment to be installed within hazardous
areas shall be referenced within the associated IFC equipment schedules.

Equipment selected for use within hazardous areas shall be certified for use in such an area in accordance
with the IECEx, ANZEx, or AUSEx) certification scheme. Selection of equipment to a certification
scheme that is not IECEx (e.g., ATEX) is prohibited without formal approval from the Custodian. Such
approval will only be granted if it is demonstrated by the Designer that no other option is available and
justification provided in accordance with Electrical Equipment in Hazardous Areas (EEHA) –

Assessment of non-ANZ/IEC/AUSEx Equipment Standard: HA-ST-11.
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8.3 Instrumentation

8.3.1 General

Instrumentation selected for use within digester gas installations shall be in accordance with the
requirements of  Field Instrumentation: DS 40-09 unless otherwise modified by the

Standard.

All instrumentation equipment intended for use on digester gas systems is to be detailed within the
detailed design deliverables. Such deliverables include detailed procurement specifications and
associated returnable schedules. The procurement specifications for instrumentation shall be based on

 equipment relevant type specification. Where no such template type specification
exists for the type of equipment, the Designer shall prepare a detailed bespoke specification and set of
returnable schedules. 

Selection of instrumentation for use within digester gas systems shall be made from the Operational

Technology Approved Equipment List (58653590) and Table 18 below. Where no applicable equipment
selections are available within that list, the Designer shall make a recommendation from fit-for-purpose
options available on the market having been assessed to meet the Project Specific Requirements and the
requirements of the Standard. The Approved Equipment List Change Process (58585520) shall be
followed if such instances exist.

Where conflicts exist between DS 40-09 or the Operational Technology Approved Equipment List and
the Standard, the requirements of the Standard will prevail.

8.3.2 Preferred Process Measurement Methods

For the purposes of digester gas systems, the instrument methods as summarised by Table 18 below
shall be used.

Table 18: Instrumented systems and measurement methods

PROCESS

MEASUREMENT 

PROCESS

MEDIUM

MEASUREMENT

METHOD

INSTRUMENT 

MAKE & MODEL

NOTES

Flow Rate Raw and 
treated digester
gas

Ultrasonic E&H Prosonic B200 • Use where:

• metering accuracy is
required; and/or

• High RH is normally
expected

Thermal Mass E&H T-Mass 65I • Use only:

• In low RH, non-
condensing service; and

• Where metering accuracy
is not required.

• Requires the use of a upstream
flow conditioner.

FCI ST51 and ST51A 

Natural gas Coriolis TBD Selection and suitability of
measurement method and specific
instrument to be confirmed with the
Custodian prior to incorporation
into design.

Thermal Mass TBD 

Vortex Shedding TBD

Orifice Plate TBD 

Turbine TBD
Pressure Raw and

treated digester
gas

Capacitive E&H Cerabar PMC71 Isolating diaphragm seals are
required to isolate the measurement
sensor from the process stream.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58653590
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58653590
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58585520
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Temperature Raw and 
treated digester
gas

RTD E&H TR66

Level Condensate Capacitive Pressure
Differential

E&H Deltabar M
PMD55

Isolating diaphragm seals are
required to isolate the measurement
sensor from the process stream.

Ultrasonic TBD
Methane
Concentration
Analysis

Raw and
treated digester
gas

Catalytic Cell BIOGAS
3000/BG3K…

• Measures  CH4, CO2, and O2 as
standard.

• Model can be upgraded to
increase number of sample
points and/or measuring cells.

Non-dispersive 
infrared

VAISALA MGP 261 • Also measures CO2 and
relative humidity.

• Internally measures
temperature (for
compensation). This signal can
be transmitted to the PCS for
process purposes.

• Requires a separate pressure
input signal for signal
compensation.

Hydrogen Sulphide
Concentration
Analysis

Raw and 
treated digester
gas

Catalytic Cell BIOGAS
3000/BG3KD

• The BG3KD model measures
high and low range H2S
concentrations

• Also measures CH4, CO2, and
O2 as standard.

Carbon Dioxide
Concentration
Analysis

Raw and 
treated digester
gas

Catalytic Cell BIOGAS
3000/BG3K…

• Measures  CH4, CO2, and O2 as
standard.

• Model can be upgraded to
increase number of sample
points and/or measuring cells.

Non-dispersive 
infrared

VAISALA MGP 261 • Also measures relative
humidity and methane.

• Internally measures
temperature (for
compensation). This signal can
be transmitted to the PCS for
process purposes.

• Requires a separate pressure
input signal for signal
compensation.

Oxygen
Concentration
Analysis

Raw and 
treated digester
gas

Catalytic Cell BIOGAS
3000/BG3K…

• Measures  CH4, CO2, and O2 as
standard.

• Model can be upgraded to
increase number of sample
points and/or measuring cells.

Relative Humidity
Analysis

Raw and
treated digester
gas

Non-dispersive 
infrared

VAISALA MGP 261 • Also measures CO2 and
methane.

• Internally measures
temperature (for
compensation). This signal can
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be transmitted to the PCS for
process purposes.

• Requires a separate pressure
input signal for signal
compensation.

Environmental
fixed gas detection

Flammable gas Diffused
Photoionisation

GDA GTD-2000EX • Also suitable for detection of
ammonia, ethanol, Acetylene,
and hydrogen.

Ambient air – 
hydrogen
sulphide

Diffused 
Photoionisation

GDA GTD-2000TX • Also suitable for detection of
ammonia, carbon monoxide,
and oxygen.

• Hydrogen sulphide
concentrations of between 0
and 30 ppm.

Electrochemical DRAGER
POLYTRON 7000
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9 DESIGN – CONTROL (SCADA)

9.1 General

Design of process supervisory controls and data acquisition (SCADA) for use within digester gas

installations shall be in accordance with the requirements of  Design Process for

SCADA Works: DS 40 and the  other series 40 design standards.

9.2 Inhibits & Interlock Setpoints

The development of the setpoints, and setpoint ranges, required to undertake inhibit or interlocking
functions shall be developed by the Designer during detailed design. These setpoints, and setpoint
ranges, are to be listed in the I/O Schedule and described in detail within the Functional and Control
Description. These values are to be issued to the Contractor (along with IFC deliverables) for
implementation during commissioning. Where changes are determined as required by the Contractor to
allow nomination of setpoints outside the nominated setpoint range, the Designer is responsible for
assessing the need and nominating a new setpoint range with justification.

Development of these setpoints is to be by means of calculation and/or nomination by equipment
vendors. Unless otherwise agreed by the Custodian, submission of an I/O Schedule without these values
and reference to the associated calculation will constitute grounds for submission rejection.
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10 PRODUCT REQUIREMENTS – APPLIANCES

10.1 General

Regardless of the nature of the fuel gas (i.e., consumer gas or digester gas), the selection, installation,
and commissioning of appliances for use within digester gas systems shall comply with AS 3814. As
appropriate, the requirements of Sections 5 and 6 of CSA/ANSI B149.6 shall apply.

10.2 Consumer Gas Appliances

Appliances rated for use with consumer gas (at any time, wholly or in part) shall be supplied, installed
and operate to per the requirements of the Western Australian Gas Standards Regulations 1999 (the

Regulations).

Therein appliances are split into two categories being:

• Type A Appliance – An appliance of a prescribed type prescribed regulation 42B (2) of the

Regulations for the purposes of domestic or commercial.

• Type B Appliance – an appliance that has a maximum hourly input rate exceeding 10 MJ but is
neither a Type A gas appliance nor a mobile engine.

Due to the nature of digester gas and the large quantity produced and consumed, only Type B Appliances

are approved to be used with digester gas. Where thermal demand required by a service within a digester

gas system requires the use of an appliance with rated input less than 10 MJ/h (i.e., 2.78 kW) means
alternate to the use of a gas fuelled appliance shall be considered.

PROHIBITED PRACTICES:

VIII. Use of Type A Appliances within digester gas systems is prohibited.

NOTES:

121. Informative: The Western Australia Gas Standards Regulations 1999 can be found at the Government of
Western Australia Department of Justice Parliamentary Counsel tern Australian Legislation

webpage (https://www.legislation.wa.gov.au/legislation/statutes.nsf/main_mrtitle_1482_homepage.html).

10.3 Functional Safety

All appliances employed for use within digester gas systems operated by the Corporation shall make
use of burner management systems, or combustion management systems (as relevant), which are a safety
integral system (SIS) designed and installed to comply with AS/IEC 61508, AS/IEC 61511, or AS/NZS
62061.

Safety control systems shall be in accordance with Section 2.27 of AS 3814.

Where the proposed appliance is gas fuelled RICE meeting the exemption requirements of AS 3814 for
a safety-instrumented system independent to the control system, and is intended to be supplied as such,
the documented evidence of compliance with ANSI/UL 2200, ANSI/UL 6200, ISO 8528-4, and
evidence to demonstrate that it is proven fit for purpose for acceptance of Factory Acceptance Testing.

10.4 Control Systems

10.4.1 General

Appliances selected for use within digester gas installations shall employ an integral process control
systems (i.e., control system other than safety control systems) managed by a dedicated process logic
controller (PLC). K t this controller shall be of make and model listed in the SCADA

Approved Equipment List (58653590) and consistent with those used by the wider installation unless
otherwise agreed by the Custodian.

https://www.legislation.wa.gov.au/legislation/statutes.nsf/main_mrtitle_1482_homepage.html
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58653590
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58653590
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Each appliance shall have facility for local control via a locally mounted touchscreen Operator Interface
Panel (OIP). All control and monitoring functions must be available locally via this OIP when in local
control mode. When in remote operating mode all control and monitoring functions are to be available
remotely via the connection to the Plant Control System (PCS).

Connection protocols and I/O shall be designed per the requirements of  Design

Process for SCADA Works: DS 40 and the Corp  other series 40 design standards.

All equipment constituting the control system (other than remotely mounted instrumentation) shall be
housed in a sealed control panel suitable for the environment.

The Designer shall develop the I/O Schedule based on the minimum I/O nominated in the sections below
in consultation with appliance vendors.

The Functional & Control Description developed by the Designer shall incorporate the details of the
functional descriptions of each appliance.

10.4.2 Protections

All appliances shall incorporate the necessary protective devices needed to permit exemption from
certified attendance.

10.5 Hot Water Heaters & Boilers

10.5.1 General

Hot Water Heaters and Boilers where specified for use with digester gas systems shall meet the
requirements for digester gas boilers as described in Section 6.3 of CSA/ANSI B149.6 and remain
unchanged other than in specific instances where exceeded by the requirements of the Standard or:

a) AS 1228: Pressure Equipment – Boilers;

b) AS 1375: Industrial Fuel-fired Appliances;

c) AS/NSZ 5263: Gas Appliances; and

d) AS 3814: Industrial and Commercial Gas-fired Appliances.

Safety valves, other valves, liquid level gauges and other fittings where fitted to boilers shall comply
with the requirements of AS 1271.

Unless otherwise agreed by the Custodian, boilers shall be designed to be unattended in accordance with
AS 2593.

Installation of hot water heaters or boilers with a rated energy input of less than 100 MJ/h is not permitted
to be installed within digester gas systems. 

10.5.2 Location

Hot Water Heaters and Boilers shall:

a) not be designed to be located within any enclosed space (i.e., within a standalone building or
room of a standalone building) and be specified to be installed outside; or

b) be located in an enclosure only if designed, fabricated, and supplied by the package supplier
along with the enclosure.

Hot water heaters, boilers and associated appurtenances shall be sufficiently rated for the exposure level
to which they are subjected.
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10.6 Reciprocating Internal Combustion Engines and Gas Turbines

Prime movers such as reciprocating internal combustion engines and gas turbines are often used to
reclaim electrical energy from the digester gas by way of rotationally driving the input shaft to an
alternator.

Stationary gas engines shall meet the requirements of Clause 6.5 of CSA/ANSI B149.6 and Section 5.8
of AS 3814.

The project specific requirements are to highlight the electrical requirements of any appliances driving
embedded power generation (e.g., balance voltage, parallel or island, export/non-export, etc.)

10.7 Waste Gas Burners

Waste gas burners shall be designed and installed per Clause 6.4 of CSA/ANSI B149.6 and the
associated considerations listed in Section P4 of AS 3814.

Waste gas burners shall be located outside of the consequence area or provision for the detection of a
hazardous area around the appliance.
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11 PRODUCT REQUIREMENTS – APPARATUS

11.1 General

The selection, installation, and commissioning of apparatus for use within digester gas systems shall
comply with the requirements of CSA/ANSI B149.6 unless other altered by the Standard.

11.2 Compressors & Blowers

Compressors, and pressure raising devices generally, shall meet the requirements of Section 6.2 of
CSA/ANSI B149.6 and Section 5.12 of AS 5601.

Each compressor used as pressure raising device within a train of compressors acting directly on the
digester gas stream shall include:

(a) A pressure safety valve from discharge to suction (over pressure recycle line).

(b) Upstream and downstream isolations (either side of the PSV connections).

(c) Local reset (after trip event).

(d) Non return valve (check valve) on compressor discharge but upstream of the discharge isolation
valve.

(e) Interlocks for:

a. High temperature discharge upstream of the PSV offtake;

b. Low suction pressure switch set to 1kPa.G (with nil delay);

c. High discharge pressure switch (upstream of NRV) set to 25% above normal operating
pressure.

Other than in instances deemed necessary (i.e., based on informed design practices), the use of positive
displacement blowers for use in digester gas systems, shall be avoided due to increased maintenance
requirements due to exposure to digester gas and difficulty managing pulsation in upstream and
downstream piping systems.

NOTES:

122. Normative: Nomination of setpoints for interlocks shall be specified per §9.2.

11.3 Drip Traps

Drip traps shall be incorporated on digester gas piping systems at the lowest point of any continuously
downward grading pipework prior to an apparatus or appliance.

Such drip traps shall:

(a) Only used for maximum continuous condensate flow of 5.5L/h

(b) Be easily accessible (as per the requirements of DS 30) for the purposes of normal operation
and maintenance;

(c) Incorporate a suitability sized drain pipework between DN6 and DN25 and no longer than 10m;

(d) Safely discharge waste product to a dedicated and suitably sized tundish plumbed into the
process drain which:

a. Shall incorporate an air gap that is:

i. no less then 25mm, or twice the internal diameter of the discharging pipework,
whichever is larger;

ii. no larger than 150mm;
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b. Easily visible to personnel when manually operating the drip trap;

c. Doesn’t discharge within a building or other enclosed space;

d. Itself, is classified as a hazardous area;

(e) Incorporate an inline site glass immediately upstream;

(f) Incorporate upstream and downstream union or flanged joints isolatable by manual, full-bore
ball valves; and

(g) Incorporate a full-bore manual bypass valve incorporating spring return closed functionality.

Drip traps installed downstream of a vertical segment of pipework shall incorporate a dead-leg (or drip
leg) below the pipework fitting used to facilitate the change in pipework direction. This dead-leg is to
be of equal diameter to that of the main line pipework and be a depth equal to that illustrated by Figure
1 below.

Figure 1: Illustration showing standard dead leg arrangement for drip traps on vertical pipework

The use of a plugged tailpipe or float operated drip traps on digester gas piping systems for the capture
of condensate shall not be used unless authorised by the Custodian.

For consumer gas applications within digester gas systems, the design and location of tailpipes are to
comply with the requirements of §5.6 of AS 5601.

PROHIBITED PRACTICES:

IX. Use of plugged tailpipes for the purpose of capturing digester gas condensate or other waste by-
product is prohibited.

X. Use of float operated automatic drip traps for the purpose of capturing digester gas condensate or
other waste by-product is prohibited.

NOTES:

123. Normative: The Designer shall consider the capacity of any existing site process drainage, and appropriately
design any new process drainage, such that contributors made by digester gas liquid waste by-products is not
able to overwhelm the drainage system when operating under worst case normal operating modes.

124. Normative: The design of the stormwater drainage system shall not rely on the process drainage to which the
condensate, or any other waste discharge produced by digester gas systems or associated ancillary equipment,
is contributed.

125. Normative: The design of drip-traps and drainage systems for digester gas condensate shall avoid the
establishment of a confined space as far as reasonably practicable.

126. Informative: Reasons for incorporating an air gap between condensate drainage points and associated drainage
infrastructure include:
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(a) To prevent the transmission of digester gas into downstream systems that are not classified as
hazardous areas.

(b) To provide visual confirmation of discharge and help detect potential leaks that might otherwise
go unnoticed for extended periods.

11.4 Digester Gas Storage

11.4.1 General

The requirements for a Digester Gas storage shall comply with the requirements of Sections 9.8 and
9.10 of CSA/ANSI B149.6 unless such a requirement were to conflict with that from an Australian
Standard empowered by regulatory requirements (e.g., AS 1210).

Requirements listed within the Standard do not pertain to storage of consumer gas. These requirements
are covered legislatively, and all consumer gas stored onsite for the purposes of the installation shall
conform to those requirements.

11.4.2 Primary Screening and Risk Assessment of Gas Storage

At a minimum, such a design validation shall include:

(a) Undertaking a risk assessment in accordance with the DLGIRS Dangerous Goods Safety Guide
- Risk Assessment for Dangerous Goods;

(b) Completing a preliminary screening of the storage facility in accordance with NSW State
Environmental Planning Policy No. 33 (SEPP 33);

(c) Completing a Societal Risk Assessment in accordance with IAEA-727;

(d) Consequence modelling;

(e) Failure Modes and Effects Analysis of the proposed storage; and

(f) Recommendations for continued design.

Outcomes of this assessment shall inform the continued design of the installation and the development
of risk treatments such as asset exclusion areas, flammable gas areas, consequence areas, inspection
regimes, or additional layers of mechanical or electrical protection.

All risks identified shall be incorporated into the SiD, Project, and Contract ters as
appropriate. Additionally, all residual risks shall be incorporated in the dangerous goods risk assessment
and inform response protocols to be documented within the site Emergency Response Plan for the
installation.

NOTES:

127. Informative: Ignition sources for dispersion modelling are to be assumed at the point of release.

128. Normative: Effects used in the dispersion modelling as a result of threshold heat radiation values (in kW/m2)
are to be determined and justified by the Designer.

129. Normative: The location of any muster locations must be outside the consequence area or otherwise within a
blast resistant building.

130. Normative: Guidance and minimum requirements for the undertaking of a third-party design validation is
included in the annexure.

131. Normative: Critical or threshold quantities of dangerous goods stored with Major Hazard Facilities shall not
be exceeded. Regulation 7, 8, 9, and 10 of the Dangerous Goods Safety (Major Hazard Facilities) Regulations
dictate the requirements and means by which the quantity of stored dangerous goods exceed or will exceed
those critical or threshold quantities. The Designer shall refer to Schedule 1 – Threshold quantity for schedule
1 substances in considering the storage for digester gas within digester gas installations and what contribution
the storage of that digester gas has toward exceeding the critical quantity of dangerous goods onsite.
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11.4.3 Standalone Membrane Gas Holder (or Freestanding Gas Holder)

Where stored gas pressures are between 2 kPaG and 5 kPaG the use of membrane gas holders are
permitted for use in digester gas installations. Outside these operating pressures, an alternate means of
gas storage is required.

In addition to the requirements of Section 9.10 of CSA/ANSI B149.6, membrane gas holders:

(a) Be constructed of materials proven to be:

a. resistant to the components included in digester gas where those materials are normally
in contact with digester gas;

b. suitable for the site-specific ambient maximum and minimum temperatures;

c. suitable for the site-specific maximum and minimum process pressures up to 5 kPaG;

d. suitable to meet normal inlet gas temperatures of at least 65ºC or as required by project
specific requirements;

(b) Regardless of outcomes of any safety assessment as outlined above, shall include a standalone
(i.e., not integral to the membrane gas holder) contiguous lightning protection system rated to
meet the minimum requirements determined by the outcomes of a lightning protection study (in
accordance with AS 1768 and DS 28) within the minimum acceptable risk criterion updated as
follows:

a. Category 1 – Loss of Human Life: 0.000001

b. Category 4 – Economic Loss: 0.001

(c) Where installed within the Perth Metropolitan area, shall be rated to withstand a minimum UV
Index of greater than 8 (very high);

(d) Shall be constructed of materials rated to withstand incident radiation of a nearby bush or asset
fire relative to the location it is installed (minimum construction requirements to meet BAL12.5)
in accordance with DIN 4102 (B1 minimum) and DIN/EN 13501 (C – s2, d0 minimum);

(e) Shall be rated to withstand wind loading assessed in accordance with AS 1170 using project
specific design wind criteria;

(f) Shall be installed in a location, or be provided with adequate protections, assessed to minimise
the risk of damage of the asset due to vandalism;

(g) Shall include suitable barriers for the prevention of impacts with the asset by vehicles;

(h) Be supported by an appropriately designed concrete footing with a protective coating to meet,
or exceed the requirements of Water Corporations DS 95 – CR5 coating specification; and

Subject to the outcomes of the associated risk assessments, the following treatments are often considered
to reduce the risk outcomes identified in relation to membrane gas holders:

(i) Installation of a thermal detector capable of detecting bushfires or fires from nearby assets or
properties interlocked with a reliable external sprinkler (or deluge) system capable of reducing
the temperature of the outer membrane and providing protection from embers.

(j) Installation of a means of detecting the temperature of the outer membrane interlocked with a
reliable external sprinkler (or deluge) system capable of reducing the temperature of the outer
membrane caused by ambient incident radiation or the provision of a covering which prevents
such radiation from reaching the outer membrane.

(k) Installation of a firewall capable of shielding the membrane gas holder from incident radiation
emitted by nearby bushfires (installation of firewalls must be included in any catastrophic
flashfire impact radius).

(l) Installation of multiple membrane gas holders to reduce consequence of a single failure and to
improve availability.
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NOTES:

132. Informative: It is understood that membrane gas holders are used extensively, without incident, throughout
Europe and America but not extensively in Australia, and even less so in Western Australia. The purpose of
undertaking a third-party design validation is to determine the applicability of use by eliminating geographical
factors known to be unique to Western Australia. Such factors include the potential for exposure to a bushfire,
increased UV, high ambient temperatures, low rainfall, medium wind.

133. Normative: Membrane gas holders shall not be subject to inlet gas temperatures exceeding 60ºC (unless
otherwise guaranteed to withstand higher operating temperatures as specified by the manufacturer). This
requirement is typically met where gas is transmitted passively (without the use of a pressure raising
apparatus) from the digesters to the membrane gas holder. However, caution must be taken, and associated
interlocks provided, where there is risk of exceeding this temperature.

134. Normative: The t tandalone cont t lose to, but not t

135. Informative: The use of integral lightning protection (i.e., metallic strapping laced on the outer membrane) on
double membrane gas holders previously used by the Corporation has proven to result in accelerated wear on
the outer membrane layer at those locations. The use of a standalone but neighboring lightning protection
(e.g., catenary lightning protection system), determined to provide the same level of protection is favored.

136. Informative: The use of standalone contiguous lightning protection has the advantage of continued protection
of the gas holder when the gas holder is taken out of service and doesn’t have the same failure modes of the

integral systems often employed.

137. Normative: Despite the outcomes of any assessment the minimum design and/or construction requirements of
membrane gas holders shall meet BAL12.5. That is, shall be shown to be resistant to ember attack or incident
radiant energy of 12.5kW/m2.

138. Informative: The UV Index is defined as the level of UV irradiation on a surface due to the exposure of that
surface to the sun. The standardised index was developed (primarily) by the World Health Organisation and
the World Meteorological Organisation primarily to quantify poor health outcomes to people caused by
exposure to the sun for certain durations but may also be used to quantify effects on process equipment
similarly exposed to the sun.

139. Normative: Installations outside the Perth Metropolitan Area shall have the UV Index withstand rating
determined based on location and measured average noon clear sky UV Index values at that location.

140. Informative: Given the expense associated with the installation of additional membrane gas holders, the
project specific requirement to do so is subject to a full assessment of the cost benefit and the outcomes of
that assessment outweighing the risks of otherwise providing a single holder.

141. Normative: Refer to §6.3 for process monitoring and intervention requirements.

11.4.4 Digester Mounted Membrane Gas Holder (or Tank Mounted Membrane

Gas Holder)

Digester mounted (or more often known as tank mounted) membrane gas holders are not permitted on
digester gas systems without formal agreement from the Custodian.

PROHIBITED PRACTICES:

XI. Use of digester mounted membrane gas holders are not permitted for use within digester gas
systems.

11.5 Flame Arresters

Flame arresters are to be applied at any ventable openings to atmosphere or where a source of ignition
is possible within the process stream and:

a) Shall use proprietary arresters as listed in the preferred products. Where an alternate arrester is
proposed, advice and dispensation are to be sought from the Custodian.
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Activation of flame monitoring devices (if required) shall raise an alarm, shutdown and isolate the
facility local to the flame arrester where possible. Where such systems cannot be shutdown or isolated
(e.g., digester roof) firefighting previsions shall be installed.

11.6 Knock-out Pot (Gas-liquid Separators)

Knock-out pots shall be designed and installed within all Corporation Digester Gas Systems at locations
where the presence of large volumes of condensate by-products would be or may be detrimental to the
operation of downstream components.

Design of such vessel shall comply with the requirements of API 12J unless specifically amended herein.

All knock-out vessels designed for use on digester gas systems shall:

(a) Be of vertical orientation;

(b) Be of cylindrical void style;

(c) Comply with AS 4041 and AS 1210 as required;

(d) Be constructed of materials determined to be both, compatible with untreated digester gas as
per §7.1 of the Standard, and those allowed for use under the relevant design standards used
(e.g., AS 4041, API 12J, etc.);

(e) Include demisters (or mist extractors) of standard woven wire mesh pad type with a maximum
mesh resolution of 0.3mm;

(f) Be limited to a maximum carryover persistence particle size of 300μm, or as per the maximum

particle size as specified by the manufacturer of downstream components, whichever is smaller;

(g) Have sufficient additional capacity to manage liquid streams contributed by upstream or
downstream gas pipework that may grade toward the knock-out vessel;

(h) Have a maintained minimum liquid level calculated as the sum of the minimum retention
volume plus surge level allowance, or 150mm above the liquid drain outlet, whichever is the
greater;

(i) Make use of electrically actuated automatic liquid drain valve of a type and size appropriately
selected for the service with a manual bypass;

(j) Make use of a liquid drain system that incorporates an isolatable, passive water trap seal to
normally operate in parallel with the automatic drain valve and be designed as to maintain
operating water levels within the vessel at the high-high alarm level (LAHH) if the automatic
liquid drain were to otherwise fail to operate;

(k) Incorporate a magnetic liquid level indicator; and

(l) Have a liquid drain (or vent-down) sized as to appropriately manage the volume of condensed
liquids captured with a maximum normal duty cycle of 50%.

All knock-out pots intended for use within digester gas systems shall include reliable means of detecting
the liquid level (i.e., differential pressure element or capacitance type level element preferred) within
the vessel for the purposes of locally displaying the instantaneous operating level, signalling the
operation of the automatic liquid drain valve, and transmitting instantaneous operating level and
associated alarms to the process control system.

A template technical datasheet for the specification of standard knock-out vessels shall be reviewed by
the Designer and altered as appropriate to meet project specific requirements. 

NOTES:

142. Normative: The calculation of t ximum allowable superficial velocity ( ) per API 12J is sufficient

for droplets greater than 10μm to settle out of the gaseous stream. If, based on project specific requirements,

it is determined during design that this maximum droplet size exceeds that tolerable by downstream
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components additional consideration must be made as to the suitability for a knock-out to meet these
requirements and application of other design criteria needed to achieve this.

143. Normative: Where manufacturers of downstream components specify persistent particle of a size smaller than
the 300μm as nominated by (f) above, this shall be achieved by means other than a knock-out vessel at the
inlet of the component (e.g., the application of an inline strainer or coalescing filter).

144. Informative: Vent down facilities shall be large enough such that the maximum duty cycle is not exceeded
under normal operating conditions at ultimate flows but not be so large as to result in breaching the minimum
liquid level of the vessel due to excessive vent down flow rates.

145. Normative: All automatic liquid drain valves shall be designed to include an upstream isolation valve followed
by a dismantling union and be in such a manner making it safely maintainable.

146. Normative: All components comprising the liquid drain system shall be constructed of materials compatible
with and be rated for use with both untreated digester gas and the condensate by-product produced therefrom. 

147. Informative: Although unlikely, liquid drain systems may become inadvertently exposed to digester gas if a
blow-out (complete loss liquid within the vessel) occurs. This may occur for several reasons including, but
not limited to the automatic drain valve failing in its open position, a pressure surge occurs resulting in the
breaking of the water trap seal, or maloperation of the manual bypass valve.

148. Informative: A normally open, passive water trap seal ensures the continued operation of the knock-out pot if
the automatic liquid drain valve were to fail in its closed position, or otherwise isolated such that bulk
condensate is not carried downstream.

149. Normative: The use of a single sample pressure instrument/transmitter is not considered suitable for the
determination of the liquid level within knock-out vessels due to the variable non-atmospheric pressure of the
gaseous phase. At a minimum, an appropriately selected and installed dual sampling differential pressure
instrument/transmitter shall be used to determine the liquid level. Alternate means of determining the liquid
level may be used as determined appropriate by the Designer.

11.7 Valves

11.7.1 General

Valves selected for use on Digester Gas Installations shall be based on application and that selection
made from the approved products list included in the Corporat trategic Products Register (SPR).

Where the valve options listed in the Digester Gas Installation Approved Products Register are deemed
to be unsuitable by the Designer based on project specific requirements, the Designer is to nominate the
preferred option(s), along with the justification, to the Custodian for consideration.

NOTES:

150. Normative: An accepted valve option, as proposed by the Designer, will be added to the Digester Gas

Installation Approved Products Register under trial conditions.

11.7.2 Isolation Valves

Isolation valves shall be selected to meet the requirements of CSA/ANSI B149.6 and be either:

a) high performance butterfly in size ranges from DN65 to DN300; or

b) ball valve in size ranges from DN6 to DN125.

For the purposes of effective isolation of components, apparatus, or facilities, isolation valves shall be
installed either side on the relevant piping systems. These isolation valves shall be manual or automatic
as required by the project specific requirements and conform to SPS 265 – Isolation Valves for Digester
Gas Service.

All isolation valves installed within a digester gas system and subject to non-consumer gas shall be
constructed of materials determined to be compatible with the process medium as per §7.1of the

Standard.
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All valves selected for use on consumer gas apparatus or appliances shall be selected from the
Australian Gas Association (AGA) Certified Gas Appliances and Components – Product Directory

Where an isolation valve is intended for end of line service, it shall be:

c) rated for end-of-line service to the full line pressure;

d) double flanged, lugged or welded; and

e) be the last component of an adequately supported double block and bleed arrangement.

Where an isolation valve offers automatic isolation for process control service, or manual isolation for
operational service, the valve must be readily accessible and be installed as to avoid damage.

All vertically mounted, lever operated, manual isolation valves shall have their handle oriented in such
a way that it may not fall open under gravity (i.e., when in its closed position, the weight of the handle
acts through the spindle not resulting in an axial moment on the shaft in the opening direction of
rotation).

Valves used for emergency isolation, automatic or otherwise, shall be readily accessible at the ground
level of the installation, have permanently installed means of actuation (e.g., handwheel, e-stop button,
handles, etc.), and be clearly signposted with permanent free path of access and egress.

Isolation valves used as burner test firing valves or on waste gas burners shall be certified as fire-safe in
accordance with API STD 607.

NOTES:

151. Normative: Valve selection is summarized by Digester Gas Installation Piping Classes and the Digester Gas

Installation Approved Products Register which are to be read in conjunction with one another.

152. Normative: Although there is a general preference to select valves (and other products) from the AGA
Certified Gas Appliances and Components – Product Directory, this shall only be done provided it is
determined suitable for use within digester gas systems when subject to clean gas or untreated digester gas

or any of its intermediate byproducts. Their use is subject to the written approval by the manufacturer.

153. Normative: The use of ball valves for the purposes of double-block and bleed facility is not authorized unless
otherwise justified by the Designer and approved by the Custodian.

11.7.3 Non-Return Valves (or Check Valves)

Non-return valves shall be installed within digester gas systems at the following locations:

a) As close as practicable to the outlet nozzle of any pressure raising device;

b) Within a process line where the downstream pressure may, normally or intermittently, be
greater than the upstream pressure and where backflow is forbidden (e.g., component bypass);

c) Where there is a requirement to mix gas (e.g., digester gas, fuel gas, natural gas, etc.) and
another type of gas (e.g., air, oxygen, natural gas, fuel gas, etc.), on each process line as close
as practicable to the interconnection; and

d) Where process specific requirements necessitate the need for such a non-return valve (e.g., in
liquid service where the diffusion of dissolved gas products within the process medium are to
be limited).

All non-return valves selected for use on digester gas systems shall:

e) Be constructed of materials determined to be compatible with untreated digester gas as per
§7.1 of the Standard;

f) Meet the remaining requirements of Clause 8.11 of ANSI B149.6.

PROHIBITED PRACTICES:

XII.  The use of a non-return valve as a means of flashback protection is prohibited.
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NOTES:

154. Normative: The requirements for non-return valves listed in this section are intended for the prevention of
back flow of digester gas in the process of its conditioning and conveyance. Appliances shall be specifically
designed and installed as to internally (i.e., within the appliance downstream of the appliance valve train
connection point) prevent to the backflow of other gases in the fuel gas supply as per the requirements of AS
5601 and AS 3814.

11.7.4 Pressure Relief Valves (or Pressure Safety Valves)

Pressure relief valves (PRV), otherwise known as pressure safety valves, are a type of fast acting relief

device that shall be used within digester gas systems to protect the system form damage due to
overpressure or vacuum events where such risks are determined to exist. The specification of a PRV is
dependent upon the location of the valve in the process and may provide protection from overpressure
or vacuum conditions, or both (combination pressure relief) where such treatments are determined as
required based on the outcomes of risk analysis.

Unless otherwise modified by the Standard, shall meet the respective requirements of ANSI B149.6:

• Clause 9.7 in relation to overpressure/vacuum protection of digesters;

• Clause 9.8.3 in relation to the use of PRVs on intermediate storage volumes; and

• Clauses 9.10.7, 9.10.8, and 9.10.9 in relation to the use of PRVs on standalone membrane gas
holders.

Generally, PRVs selected for use within digester gas systems shall:

(a) Where protecting a low-pressure (i.e., up to 103 kPaG) tank or vessel from overpressure or
vacuum, comply with the requirements of API STD 2000

(b) Be constructed of materials determined to be compatible with untreated digester gas as per §7.1
of the Standard;

(c) Non-isolatable (upstream or downstream);

(d) Located as close as practicable to the volume requiring relieving (refer note 155);

(e) Be installed immediately downstream of a pressure raising device, if:

a. The pressure raising device is of positive displacement type; or

b. The pressure raising device is of non-positive displacement type and the operation of
that device under deadhead conditions (i.e., isolated downstream) will result in
discharge pressures that exceeds the maximum allowable operating pressure of the
downstream system; or

c. the maximum operating pressure (in any operating mode) risks exceeding 50kPaG;

(f) If installed to provide protection for a pressure raising device, have a non-isolatable discharge
that is piped away to the suction pipework of the device as to alleviate vacuum conditions in the
device suction pipework;

(g) If discharged to the atmosphere, the emission point (i.e., vent) shall:

a. be in a location determined to be safe to all personnel;

b. have a means of determining that a relieving event has occurred;

c. be designed as to not impact the mass flow rate at the nominal relief setpoint (refer note
155);

d. not adversely affect the hazardous area classification within its vicinity.

(h) Where relieving to atmosphere, shall include flame arrester installed upstream meeting the
requirements of §11.5 of the Standard; and



Design Standard No. DS 92  

Design, Installation and Commissioning of Digester Gas Facilities

Uncontrolled if Printed Page 112 of 124
Ver 3 Rev 0

© Copyright Water Corporation 2025

(i) Where protecting a component or apparatus deemed itself, not practicably or economically
isolatable, comply with ANSI B149.6 Clause 9.7.1(b). 

At a minimum, locations within digester gas systems requiring the installation of a PRV are summarised
by Table 19 below.

Table 19: PRV locations

LOCATION TYPE DISCHARGE 

TO

TYPICAL RANGE OF SETPOINTS

Digester roof Combination Atmosphere 3 to 8kPa.g

Digester Gas Storage 
Facility

Combination Atmosphere 3 to 5kPa.g

Incidental Digester Gas
Storage – Pressure
guaranteed

Pressure
only

Atmosphere/ 
Piped away

10 to 50kPa.g

Incidental Digester Gas 
Storage – Pressure not
guaranteed

Combination Atmosphere -2 to 20kPa.g

Pressure Raising Device Pressure 
only

Piped away 10 to 50kPa.g

PROHIBITED PRACTICES:

XIII. Isolation of a pressure relief valve is prohibited.

NOTES:

155. Normative: Regardless of the length of the upstream or downstream pipework, the Designer is to account for
the impact on operation of selected relief valves due to friction losses at the nominal mass flow rate.

156. Informative: The use of a bursting disc as a pressure relief device is not preferred practice, as it does not allow
for flow to be stopped once activated—even after the pressure event has subsided. This can lead to a complete
loss of inventory beyond what is necessary to mitigate the risk associate with the overpressure event. As a
result, such a device may, in fact, increase the overall risk profile of the asset.

11.7.5 Not used

11.7.6 Pressure or Flow Control Valves

Passive, or mechanically actuated, pressure regulating valves may be incorporated into digester gas
systems where there is a process need to regulate the pressure to an element of the system. Pressure
control valves for use on digester gas systems are to be of globe or diaphragm type and selected, by the
Designer, based on process need.

Pressure control valves are to meet the following general requirements:

(a) Be constructed of materials determined to be compatible with untreated digester gas as per §7.1
of the Standard;

(b) Shall include an upstream inline main line and control line y-strainers:

a. specified to meet manufacturer minimum requirements at the maximum nominated
flow rate; or

b. if no such manufacturer requirements, specified to remove particles larger than 2mm at
the maximum nominated flow rate.

(c) Be provided with a control line tapping upstream of the accompanying main line strainer;

(d) Selected for use compliant with IEC 60534
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12 CONSTRUCTION PHASE REQUIREMENTS

12.1 General

Prior to commencement of construction all necessary approvals and authorizations as defined AS 3814
shall be obtained. All construction and installation work of an appliance shall be carried out by
appropriately qualified tradespersons as described in the DLGIRS Building and Energy publication
Gasfitting Authorisation Guidelines and Requirements. 

It is also a requirement that all construction and installation procedures must comply with Water
Corporation safety and work procedures, including:

• Contractor Work Authority;

• Hot Work Permit/s;

• Job Hazard Analysis and Job Safety and Environment Analysis (JSEA) documentation and
procedures.

Construction and installation work undertaken in and around biogas systems (brownfield site) must
comply with the requirements of  Hazardous Area Management System (HAMS).

Those preparing tender documentation, typically the Designer, shall ensure that construction phase
requirements, as specified within the Standard, are included in the Technical Specification, and made
known to the contractors or sub-contractors completing the installation works.

These construction phase requirements are not exhaustive and are intended only to supplement typical
requirements used in the engagement of contractors and sub-contractors carrying out works on behalf
of the Corporation. 

12.2 Gasfitting

12.2.1 General

Personnel employed to undertake, or supervise the undertaking of, any gasfitting works carried out for
the purposes of works pertaining to upgrading or installing digester gas components within the

ms shall be duly qualified and licensed to do so.

NOTES:

157. Informative: This section does not cover the requirements necessary for personnel to undertake gasfitting

works pertaining to maintenance of digester gas systems. Although bound by similar requirements, they are
not the same. Refer to §14 for requirements pertaining to gasfitting works.

158. Normative: Supervision of gasfitting works shall be in accordance with the Gasfitting Supervision Guidelines
R123 published by DLGIRS.

12.2.2 Training & Competency

All gas fitting work must be carried out or supervised by appropriately licensed personnel. That is:

(a) A Class I Permit is required for gas fitting associated with Type B appliances.

(b) A Class G Licence is required for gas fitting work involving pressures below 200 kPag.

All work must comply with the Gas Standards (Gasfitting and Consumer Gas Installations) Regulations
1999.
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12.3 Hazardous Area Construction Specification Requirements

12.3.1 General

The Designer shall ensure that the specification developed for the installation of digester gas systems

include provision for duly qualified representatives of the nominated contractor to implement all
requirements pertaining to the installation and validation of hazardous area equipment as specified by
the design prior to energisation. Such requirements include, but are not limited to:

a) Completion of all works as required by the IFC HAC;

b) Progressively update the Dossier throughout the construction phase;

c) Undertake loop calculations (if necessary) and/or CADs; and

d) update all hazardous area IFC deliverables (i.e., HAC, HA drawings, IS loop calculations, etc.)
to as-constructed issue.

These requirements are more specifically discussed in the sections below.

12.3.2 Installer Competency

Only suitably trained and licensed personnel in accordance with the relevant legislation and regulations
are to carry out Electrical Work within a hazardous area, or electrical works which contain circuits which
will traverse hazardous areas.

The Designer shall ensure that personnel engaged to undertake works on digester gas installations

pertaining to the installation of equipment within hazardous areas are duly qualified in accordance with
 Electrical Equipment in Hazardous Areas (EEHA) – Competency Standard: HA-ST-

04.

Competency and qualifications records of all personnel who have undertaken any aspect of electrical
work associated with the hazardous area are to be included in the Dossier in accordance with Electrical
Equipment in Hazardous Areas (EEHA) - Verification Dossier Standard: HA-ST-10.

Prior to any Electrical Work in a hazardous area being initially energised, or re-energised post
modification or rectification, all work must be completed and tested in accordance with the relevant
standard and State Specific requirements.

12.3.3 Equipment Procurement

The installation/construction contractor shall be responsible for the procurement of items of equipment
intended for use within hazardous areas per the IFC detailed design deliverables and the requirements
of Electrical Equipment in Hazardous Areas (EEHA) – Selection and Installation Standard: HA-ST-03.

All equipment procured for use shall be recorded in the Dossier for the installation per the requirements
of Electrical Equipment in Hazardous Areas (EEHA) - Verification Dossier Standard: HA-ST-10.

All item of equipment shall be fitted with a legible, indelible label stating the particulars of certification
as required by the standards and details summarised within the Dossier.

12.3.4 Equipment Installation

The installation/construction contractor shall be responsible for the installation of items of equipment
intended for use within hazardous areas per the IFC detailed design deliverables and the requirements
of Electrical Equipment in Hazardous Areas (EEHA) – Selection and Installation Standard: HA-ST-03.

12.3.5 Undertaking Works within Flammable Gas Areas

All statutory and site-specific safety precautions shall be strictly complied with when carrying out work
in flammable gas areas (FGA).
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The installation/construction contractor shall ensure all activities are conducted in a safe manner, in
particular eliminating the potential for equipment to generate a spark or ignition source. Use of
equipment (such as but not limited to electrical power tools, welding, drilling, grinding or portable
generators) shall be strictly in accordance with work method statements and only used when all required
isolations are in place.

Tools constructed from or encased in aluminium, magnesium or other light metal shall not be used in
the hazardous area.

Work shall not commence in hazardous areas classified as Zone 0 and Zone 1 hazardous areas until the
affected plant has been shut down, purged and declared free of gas.

Work shall only be conducted in hazardous areas classified as Zone 2 hazardous areas while gas
monitoring equipment and the required safety precautions are employed.

All contractor representatives working within a FGA shall have completed and deemed competent in
 Flammabl training.

12.3.6 Equipotential Bonding

Potential equalisation through connection of all exposed and extraneous conductive parts to the
equipotential bonding system is required for installations in hazardous areas. The bonding system may
include protective conductors, metallic conduits, metallic cable sheaths, steel wire armoring and metallic
parts of structures. Mechanical and civil structures such as handrails, steel stairs, reinforcement and
pipework are to be bonded. This equipotential bonding system shall be as per the requirements in
AS/NZS 60079.14 Clause 6.3.

12.3.7 Inspection of Equipment & the Installation

Inspection requirements shall be in accordance with the Corporat Electrical Equipment in
Hazardous Areas (EEHA) – Inspection Standard: HA-ST-05.

All components of the installation shall be constructed in a manner that facilitates inspection.

Equipment and cables shall be arranged so that it is possible to inspect all cable routes and equipment
from ground level or from permanent walkways, to verify that the systems complies with the
requirements for electrical installations in hazardous areas.

12.3.8 Installation Testing

Testing of electrical equipment installed within hazardous areas shall be tested in accordance with the
Corporat Electrical Equipment in Hazardous Areas (EEHA) – Testing Standard: HA-ST-06.

The equipment shall not be energised until a compliant test result is achieved and recorded in the

Dossier. In the case of any non-compliant test results, the  is to be advised
and details recorded in the Dossier.

12.3.9 Documentation Requirements

A Hazardous Area Verification Dossier (the Dossier) shall be maintained on-site and shall be made
accessible to all competent personnel performing electrical work. The dossier shall comply with the
Corporat Electrical Equipment in Hazardous Areas (EEHA) – Verification Dossier Standard: HA-
ST-10.

In addition to the requirements of HA-ST-10, the dossier shall include the following records relevant to
the performance of electrical work in hazardous areas:

a) Nominated dossier owner and where the physical dossier is located during construction
activities;

b) Details of hazardous area signage to be displayed at the facility in accordance with the standards;
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c) Site specific correspondence, which can include copies of internal or external correspondence
in relation to the installation, equipment hazardous area compliance, specific vendor
requirements;

d) Optional assessment of consequences of ignition (see AS/NZS 60079.14: 2009 Section 5.3);

e) Details of any relevant additional calculations (e.g., for purging rates for instruments or analyser
houses);

f) Records of selection criteria for cable entry systems for compliance with the requirements for
the particular type of protection;

g) Diary notes or correspondence with a hazardous area auditor;

h) Risk assessments or other relevant authorisations; and

i) Other relevant as-constructed documentation including drawings of the facility.

It shall be made the responsibility of the construction/installation contractor to control and maintain the

Dossier throughout construction works, ensuring the inclusion of all the relevant data into the dossier

as a result of remediation works. On completion of the construction/installation scope of works, the
updated (deemed as-constructed) dossier is to be formally transmitted to the  Representative

(as nominated by the contract – typically Superintendent) for review and acceptance.

The Dossier is to be made available to the  upon request. 

The construction/installation contractor is to ensure that any amendment to the existing classification
documents for the facility required due to construction related changes impacting the nature of the
hazardous areas is undertaken. Examples of such impacts include changes to:

• Quantity, location or nature of mechanical equipment (e.g., valve, flange, pump, etc.);

• Quantity, location or nature of electrical equipment (e.g., pump motors, valve actuators,
solenoids, etc.)

• Civil components of design (e.g., bund heights, drainage infrastructure, vapour barriers, etc.);

• Structural components of design (change in bund height / drains / vapour barriers) design and
works of the facility is recorded; etc.

In addition to any statutory requirements, the construction/installation contractor shall be made to
endorse a Hazardous Area / Explosives Area Electrical Compliance Statement for any electrical works
performed in hazardous areas. This statement shall be prepared by the Designer to detail all aspects of
electrical installation works in the hazardous areas and that all works comply with the statutory
requirements as well as the requirements of the Corporation.

12.4 Technical Submissions

The Technical Submission to Energy Safety for appliances shall follow the procedures described in
Appendix A and Appendix B of AS 3814 and is a mandatory deliverable for all consumer gas

installations. The technical submission demonstrates due diligence in the design of the system and
selection of system components. A copy of this documentation is also required as a deliverable at
handover of the asset/system.

12.5 Operational Readiness Framework

The Contractor shall ensure that works contributing to operational readiness of digester gas installations

comply with the Water Corporat  Operational Integration Framework (134039612). The Designer

shall make facility for this completion in the development of the design deliverables and bid-ready
documentation. 

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/134039612
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13 COMMISSIONING PHASE REQUIREMENTS

13.1 General

In preparation of technical specification for the engagement of a contractor, the Designer shall ensure
that all commissioning phase requirements, as detailed within the Standard and project specific
requirements, are appropriately captured and properly communicated.

All commissioning planning, asset commissioning, and asset handover works related to digester gas

systems shall be carried out in accordance with the Asset Commissioning Guideline (58540095) for high
value, high complexity projects (complex projects).

The requirements of the COM – Commissioning Specification Module (58570963) shall be used, by the
Designer, as a basis for establishing the minimum commissioning requirements.

13.2 Development of a Preliminary Commissioning Plan

A preliminary commissioning plan shall be established for all works involving the establishment or
upgrade of a digester gas system.

A Preliminary Commissioning Plan shall be established by the Designer based on the Water
Corporat  Asset Commissioning Plan Template (58544615). Therein the minimum commissioning
requirements expected to be met by the Contractor shall be established and shall be tailored to meet the
project specific requirements as well as those established by the Standard.

The Preliminary Commissioning Plan shall be updated to incorporate all digester gas installation

specific requirements.

The Preliminary Commissioning Plan shall be updated by the Contractor and be provided to the
Principal along with all template commissioning verification documentation for acceptance prior to
undertaking commissioning activities.

13.3 Training

Pending

13.4 Commissioning Deliverables for Digester Gas Installations

In addition to the requirements of the Asset Commissioning Guideline, the following additional
deliverables shall be provided to the Principal (or Superintendent):

a) AS 3814 Appendix I - Typical Commissioning Procedure.

b) AS 3814 Appendix J - Typical Field Check List Documentation.

c) Agreed pre-commissioning and commissioning plans.

d) Updated Safety in Design document.

e) Original copies of all technical submissions as required (e.g. Western Power Technical
Compliance Register and Technical Schedules, Dangerous Goods Submission, etc).

f) Completed Appliance Technical Submission Template given in Appendix B.

g) As-built detailed valve, pipe and component schedule (e.g. size, materials, approvals,
component ID reference)

h) As-built schedules (i.e., valve, pipe, instrument, electrical equipment, mechanical equipment,
I/O, document, and others as required by the project specific requirements).

i) As-built General Arrangement and P&ID drawings for the affected works including each
appliance and associated appliance valve train.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58540095
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58570963
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58544615
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j) As-built Functional and Control Description.

k) Completed Process Safety Plans (updated with all alarm and operating setpoints as defined
during commissioning).

l) Updated Hazardous Area Verification Dossier.

m) Statutory approval documents.

n) Pre-commissioning and Commissioning records.

o) Tables detailing volumes of all pipe sections and components (e.g. condensate vessels) for
purging volume calculation purposes (this may be incorporated into the line and mechanical
schedules respectively).

p) Other documentation as required through the Water Corporat t Commissioning and

Handover guidelines and as agreed within the project specific pre-commissioning and
commissioning plans.
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14 OPERATION AND MAINTENANCE PHASE

REQUIREMENTS (INFORMATIVE)

14.1 General

During the “Operate & Maintain” phase of the asset lifecycle, all operation and maintenance works are
to be undertaken as per the O&M requirements established by the respective operating entity. For
facilities within the metropolitan area, this operating entity is Treatment & Resource Recovery (TARR).

The following plans or procedures have been developed by TARR and shall be followed by personnel
working near or on digester gas systems, or within FGAs: 

a) Gasfitting works undertaken as a part of maintenance related activities are to comply with the
requirements of the TARR-OPLN-021 – Gas Fitting Management Plan (121105603); and

b) Flammable Gas Areas Procedure (58728565).

Completing works in accordance with the requirements of the above procedures does not absolve
personnel working in accordance with other Water Corporation safe work procedures such as:

• Contractor Work Authority;

• Hot Work Permit/s;

• Lock-out & Tag Out (LOTO) procedures;

• Job Hazard Analysis and Job Safety and Environment Analysis (JSEA) documentation and
procedures; etc.

All maintenance work undertaken to electrical components or instrumentation within and around biogas
systems must comply with the requirements of the Corporat zardous Area Management System
(HAMS).

Personnel accessing high risk sites known to have digester gas installations, regardless of whether
intended works pertain to such installations, are to be made aware of the hazard by completion of all
relevant site inductions and completion of Biogas Awareness training made available online through the
Water Corporat learning management system.

14.2 Standard O&M Requirements for Digester Gas Systems

Generally, all works undertaken to a digester gas system during its operational period shall comply with
the requirements of AS 5601 whilst works undertaken on appliances shall meet the requirements of AS
3814.

§13 of CSA/ANSI B149.6 highlights the general requirements and established practices for the
operation and maintenance of digester gas systems and within the constraints of AS 5601 and AS 3814,
these requirements are to be followed where appropriate.

Other than “like for l component replacement, modification or alterations to digester gas

installations is allowable provided compliance with Sections 3 to 13 of the Standard is established.
Modifications to appliances or apparatus is not the intention of planned or corrective maintenance. If
such modification is determined to be required, it is mandatory to involve the manufacturer (in the case
of modification of appliances or apparatus) or a suitably qualified designer as such modifications may
result in a breach of the requirements of regulatory or Water Corporation requirements.

14.3 Management of Change

Other than instances of “like-for-l  changes to digester gas systems, or ancillary systems within
digester gas installations, made during the operational phase of an assets lifecycle shall comply with
the Water Corporat Engineering Management of Change Process (133512199).

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/121105603
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58728565
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/133512199
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15 ANNEXURE I – SCHEDULE OF PROHIBITED

PRACTISES
The following is a summary of practices expressly prohibited by the Standard:

I. Use of any grade of EPDM (ethylene propylene diene monomer rubber), FKM (Fluorine
Kautschuk Material), or NR (natural rubber) within digester gas systems is prohibited.

II. Use of buried pipework within digester gas systems for the handling of digester gas or its
derivatives is considered prohibited practice.

III. Use of non-metallic pipework within digester gas systems for the handling of digester gas or its
derivatives is considered prohibited practice.

IV. Use of socket-weld fittings within digester gas systems used for the handling of digester gas or
its derivatives is considered prohibited practice.

V. Use of non-flanged flexible joints (i.e., flexible joints with non-flanged end connections) is
considered prohibited practice.

VI. Use of threaded joints within run-pipe is considered prohibited practice.

VII. Use of pipework couplings as described by §7.2.9 of the Standard is considered prohibited
practice.

VIII. Use of Type A Appliances within digester gas systems is prohibited.

IX. Use of plugged tailpipes for the purpose of capturing digester gas condensate or other waste by-
product is prohibited.

X. Use of float operated automatic drip traps for the purpose of capturing digester gas condensate or
other waste by-product is prohibited.

XI. Use of digester mounted membrane gas holders are not permitted for use within digester gas
systems.

XII. The use of a non-return valve as a means of flashback protection is prohibited.

XIII. Isolation of a pressure relief valve is prohibited.
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16 ANNEXURE II – SAFETY DATASHEET FOR DIGESTER

GAS
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17 ANNEXURE III – CERTIFICATE OF COMPLIANCE FOR

TYPE B APPLIANCES IN DIGESTER GAS

INSTALLATIONS
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18 ANNEXURE IV – STANDARD PIPING SPECIFICATION

FOR USE IN DIGESTER GAS APPLICATIONS

(NORMATIVE)
This section is pending. Designers are advised to consult the Custodian for guidance.
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