HWATER

CORPORATION

Assets Planning and Delivery Group
Engineering

DESIGN STANDARD DS 28

Treatment Plants - Electrical

VERSION 2
REVISION 0

APRIL 2026



OYWATER

Design Standard No. DS 28
Treatment Plants - Electrical

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 Australia’s Work Health 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
- Electrical Standards 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.
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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 at
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 Corporation’s
project manager and/or designer for that particular Project.
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1.2

1.3

INTRODUCTION

Purpose

The Water Corporation has adopted a policy of outsourcing most of the electrical engineering and
electrical detail design associated with the procurement of its assets. The resulting assets need to be in
accordance with the Corporation’s operational needs and standard practices.

This design standard (i.e., Electrical Design Standard DS28) sets out design standards and engineering
practice which shall be followed in respect to the electrical design and specification of Treatment Plants
being acquired by the Corporation. This design manual does not address all issues that will need to be
considered by the Designer in respect to a particular Corporation asset.

It is the Water Corporation’s objective that its assets will be designed so that these have a minimum
long-term cost and are convenient to operate and maintain. In respect to matters not covered specifically
in this manual, the Designer shall aim his designs and specifications at achieving this objective.

This design standard is intended for the direction and guidance of electrical system designers and shall
not be quoted in specifications (including drawings) for the purpose of purchasing electrical equipment
or electrical installations except as part of the prime specification for a major design and construct
(D&C) contract.

Scope

The scope of Electrical Design Standard DS28 encompasses essential elements of electrical design
specific to water and wastewater treatment facilities. Upgrades to treatment plants shall meet the same
Design Standards as new facilities, while also addressing challenges unique to existing plants as further
discussed in section 20 of this standard.

This standard addresses the electrical power design associated with key electrical assets within
Corporation treatment plants categorised as small, medium, and major, as specified in Clause 1.6.2 and
Section 2. This document cross-references other Corporation design standards and drawings related to
shared electrical elements in treatment plants and pump stations (see Clause 1.5).

The standard includes reference to lightning protection systems, citing Design Standard DS27
“Lightning Protection and Insulation Coordination”, to safeguard personnel, buildings, electrical
equipment and structures where applicable.

This standard excludes control, instrumentation, communication, and SCADA systems, which are
covered in the DS40 Design Standards series.

Aim and Content

The aim of this standard (DS28) is to provide designers with direction and guidance on the policies and
requirements for designing safe, cost-efficient, and technically effective power systems for Corporation
treatment plant assets.

While DS28 primarily addresses water and wastewater treatment facilities, many of its aspects and
technical requirements are also applicable to desalination plants of various capacities.

The reliability of electrical equipment, and consequently the Corporation's assets, as measured by the
frequency and duration of equipment outages, heavily depends on the effectiveness of the design and
specifications of the electrical system. Effective design can ensure optimal system performance with
acceptable outages and minimal damage at a reasonable cost.

In regard to interruptions affecting Corporation customers, the electrical power components most
vulnerable include exposed transformers, high voltage equipment (such as H.V. switchboards and
capacitor banks), low voltage switchboards, followed by H.V. and L.V. drive systems (motors and/or
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VSCs). Therefore, it is imperative that designers focus on reducing the risk of interruptions through
meticulous engineering design.

This standard encompasses essential electrical assets such as power supply substations, transformers,
high voltage switchboards, low voltage switchboards, switchboards controlling drives, main pump
drives, main power circuits, cabling, and other principal power electrical equipment. Additionally, it
provides an overview of several critical technical aspects.

Sustainability

Policy

The electrical design for all treatment plant facilities shall support the Corporation’s sustainability and
environmental objectives by reducing energy consumption, minimising lifecycle environmental
impacts, and enabling efficient, low-carbon operation. Designers shall prioritise high-efficiency
equipment, renewable-energy readiness, and solutions that reduce waste, hazardous materials, and
long-term resource use. Electrical systems shall be planned with whole-of-life considerations, ensuring
durability, maintainability, recyclability, and future adaptability while maintaining safety, reliability,
and operational resilience.

Sustainable Electrical Design Principles

The primary design principles are as follows:

Energy and Environmental Performance

a) Minimise energy consumption and reduce lifecycle environmental impacts across all electrical
systems.

b) Prioritise high-efficiency equipment, including low-loss transformers, premium-efficiency
motors, and variable-speed control strategies.

¢) Arrange electrical systems to maximise renewable-energy utilisation, demand-management
capability, and power-quality performance.

d) Preference configurations that reduce electrical losses, improve power factor, and minimise
operational downtime.

Materials and Equipment Selection

a) Select materials and equipment with long service life, low embodied energy (defined as the
total primary energy consumed across the product’s lifecycle prior to commissioning) and high
recyclability.

b) Minimise the use of hazardous substances and specify environmentally responsible material
and cable-management systems.

Future Adaptability

a) Ensure electrical infrastructure is adaptable for future integration of renewable energy, energy
storage, and advanced monitoring technologies.
b) b) Provide capacity and interfaces that support staged upgrades and emerging technologies.

Lifecycle and End-of-Life Considerations

a) Incorporate maintenance access, component modularity, and ease of replacement to support
efficient long-term operation.

b) Consider end-of-life recovery, reuse, and recycling to reduce waste and environmental impact
over the asset lifecycle.

Uncontrolled if Printed Page 14 of 84

Ver 2 Rev 0

© Copyright Water Corporation 2026



Design Standard No. DS 28
Treatment Plants - Electrical

OYWATER

1.5 Corporate Standards References

Reference shall also be made to the following associated design standard manuals and drawings:

DS 20

DS 21

DS 22

DS 23

DS 24

DS 25

DS 26

DS 27
DS29
DS81
MNOO0
MNO1
HA-ST-02
HA-ST-03
HA-ST-04

Design Process for Electrical Works

Major Pump Station - Electrical

Ancillary Plant and Minor Pump Stations

Pipeline AC Interference and Substation Earthing

Electrical Drafting

Solar Energy Systems

Type Specifications — Electrical

Lightning Protection and Insulation Coordination

Arc Flash Hazard Assessment of Switchgear Assemblies
Process Engineering

Electrical Standard Switchboard Designs - Major Pump Stations
Electrical Standard Switchboard Designs - Small Pump Stations

EEHA Hazardous Area Classification Manual
EEHA Selection and Installation Manual
EEHA Competency Manual

The Design Standards (DS20, DS21, DS22, DS23, DS24, DS25, DS27, DS28 and DS29) define the
overarching design philosophy, policy requirements, mandatory technical requirements, and guiding
principles that apply to all stages of project design, ensuring consistency of approach, safety, ease of
operation and maintenance, and alignment with organisational objectives.

In contrast, the Type Specifications (DS26) set out the minimum safety and technical requirements for
equipment procurement, construction, installation, testing, verification, and commissioning, providing
detailed performance criteria and ensuring that procured assets meet uniform quality and operational
expectations. Together, these documents ensure that design intent is consistently applied while technical
solutions remain robust, interoperable, safe in operation, and fit for long-term service.

1.6 Definitions

1.6.1 General
Asset Manager:

Corporation:
Project Manager:

Design Manager:

Principal Engineer:

Designer:

Network Operator:

The Water Corporation officer responsible for the operation of the
asset being acquired.

The Water Corporation (of Western Australia).
The Corporation officer appointed to manage the project.

The Corporation officer appointed to manage the project design
process.

Senior Principal Engineer, Electrical Standards Section,
Engineering

The consulting engineer carrying out the electrical design.

As defined in the WASIR.
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1.6.2

1.7
1.7.1

1.7.2

1.8

Technical

Small Treatment Plants: site with an installed duty transformer capacity rated at <315 kVA

Medium Treatment Plants: site with an installed duty transformer capacity rated at > 315 kVA
and <2 MVA

Major Treatment Plants: site with an installed duty transformer capacity rated at >2 MVA

H.V./L.V. High Voltage / Low Voltage

National and International Standards

General

Electrical installations shall be designed in accordance with the latest edition of AS3000 and except
where otherwise specified in this design manual, electrical design shall be carried out in accordance with
the latest edition of all other relevant Australian Standards. In the absence of relevant Australian
Standards, the latest edition of relevant international, other national or industry standards shall be
followed.

Except where a concession is obtained from Energy Safety, electrical design shall be in accordance with
the W.A. Electrical Requirements Manual (WAER) produced by the Energy Safety Division
(EnergySafety) of the Department of Mines, Industry Regulation and Safety.

Except where a concession is obtained from the Network Operator, the electrical design of all
installations to be connected to the Network Operator’s system shall be designed in accordance with the
Western Australian Service and Installation Requirements (WASIR) and the Technical Rules for the
Southwest Interconnected Network published by Western Power/Horizon Power.

All electrical equipment, which incorporates electronic switching or electronic measuring circuits, shall
be specified to be in accordance with the European standards IEC 61000-6-4 and IEC 61000-6-2 for
Electromagnetic Emissions and Immunity respectively. In addition, all such equipment shall be
specified to have been approved by the Australian Communications and Media Authority in respect to
Electromagnetic Compatibility.

Electrical equipment devices used alone or as part of a system must bear the CE mark. The CE mark
(Communauté Européenne) indicates that the product manufacturer conforms to all applicable EU
directives. The C-tick label indicates compliance with the applicable technical standards for
Electromagnetic Compatibility (EMC), conducted and radiated emission, and is required for placing
electrical and electronic devices on the market in Australia and New Zealand.

Electrical installations shall be designed in accordance with the requirements of the Water Corporation’s
HA-ST-03: EEHA Selection and Installation Manual.

Technical Standards

Electrical equipment systems and protection systems shall be designed, constructed, and tested in
accordance with AS/IEC standards relevant to the specific type of asset, as listed in this standard and
referenced in other Design Standard (DS) manuals.

Use of Type Specifications

Type Specifications (Design Standard DS26) have been prepared in order to assist the Designer to
prepare specifications for electrical work designed in accordance with this Design Standard DS28 and
these Type Specifications shall be used for this purpose whenever practical. Where a relevant Type
Specification does not exist, the Designer shall prepare an appropriate specification based on this design
standard and in alignment with the intent and specification structure of Design Standard DS26.
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1.9

1.10

1.11

1.12

The Designer shall refer to DS26-01, Directions for Use, when preparing Type Specifications.

Use of Corporate Standard Designs

The Corporation has developed standard circuit designs, which are included in drawing sets MNOO and
MNOI1. The Designer is required to utilise these standard designs whenever feasible.

In instances where the Design Standards do not cover every technical aspect of a project, or are
unavailable, the designer is required to adhere to the guiding principles, intent, and objectives outlined
within these Design Standards.

Electrical Safety

Electrical installations shall be designed to facilitate the safe operation and maintenance of the electrical
plant.

In respect to High Voltage equipment, mechanically and/or key interlocked isolating switches, earthing
switches and access doors shall be employed wherever practical to prevent access to live conductors. In
instances where interlocking is not practical, High Voltage isolating and earthing switches and access
doors shall be protected with Water Corporation EL1 keyed locking systems.

Systems employing a “Safety PLC” for High Voltage interlocking shall NOT be permitted.

Access doors providing access to exposed live Low Voltage conductors, shall be protected with Water
Corporation EL2 equivalent keyed locking systems (Bilock).

Remote closing of High Voltage or Low Voltage circuit breakers via the SCADA system shall NOT be
permitted.

All electrical equipment shall be adequately rated for the electrical fault level at the site to prevent injury
to personnel in the event of a major electrical fault.

Mandatory Requirements

In general, the requirements of this manual are mandatory. If there are special circumstances which
would justify deviation from the requirements of this manual, the matter shall be referred to the Principal
Engineer for his consideration. No deviation from the requirements of this manual shall be made without
the written approval of the Principal Engineer.

Such dispensation, if granted, applies only to the case in question based on the merits of the argument
presented and documented, and does not set a precedent.

Approval Process and H.V. Submission

The Designer shall ensure that the standards in clause 1.7 are adhered to with respect to electrical design
and submission of designs for High Voltage sites. The Designer shall make such submissions and as
further outlined in clause 3.4 of Design Standard DS20.

Design submissions (consisting of single line diagrams, protection grading diagrams, earthing
diagrams, site layout, equipment selections etc.) shall be approved by the Network Operator prior to the
start of the detail design.

All correspondence with the Network Operator relating to the approval process, including agreements
and arrangements for supply, shall be documented in the Engineering Summary Report and reference
(date and file number) of the approval made on the Design Summary Drawings. Should Network
Operator related approval and documentation be delayed, the Engineering Summary Report and Design
Summary Drawings shall be updated (by the Designer) and issued as an addendum (report) and revision
(drawings).
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1.13

1.13.1

1.13.2

1.13.3

1.14

Quality Assurance

It is a requirement of the Corporation that the following QA systems be applied to electrical equipment
manufacturers and electrical installers.

Equipment Suppliers

Suppliers of major electrical equipment (such as transformers, motors, variable speed drives, switchgear,
switchboards, surge arresters, instrumentation equipment, etc.) shall only supply equipment from a
Manufacturer that has in place a Quality Management System certified by an accredited third party to
AS/NZS ISO 9001 or an approved equivalent.

Installers

Installers of major electrical equipment (such as transformers, motors, variable speed drives, switchgear,
switchboards, surge arresters, instrumentation equipment, etc.) shall have in place a Quality
Management System certified by an accredited third party to AS/NZS ISO 9001 or an approved
equivalent.

Acceptance Tests

All tender documents in which acceptance tests are specified, the cost of providing works tests
(including associated test certificates) and site tests (including associated test certificates) shall be shown
as separate items in the Bill of Quantities so that:

a) it can be verified that sufficient funds have been allowed to carry out such testing
satisfactorily, and,

b) itis clear that works tests and site tests are separate critical deliverables.

Allowance for Future Upgrades

For some projects it is appropriate to allow for near future expansion/additions. This is particularly the
case for treatment plants, especially medium and major plants. Making provision where there is a
definite plan and timetable has merit. However, making provision for the future, where there is
considerable uncertainty or a very long timeframe, is not an effective use of budgets.

Provision for future electrical upgrades shall be made only where there is a confirmed and funded plan
for expansion within a defined and reasonable timeframe, say 10 years.

Where there is a firm plan, date (usually within ten years) and budget for expansion/additions to the
electrical power system then allowance for equipment, space and conduit runs is permitted if agreed and
formally approved by the Project Manager. For example, an allowance for space and/or equipment
within the switchboard for near future planned addition of solar power systems, reserved switchboard
space, an allowance for a planned motor-pump unit rating upgrade (equipment space, equipment, site
footprint, conduits, ducts, penetrations, etc.), structural or spatial allowances for transformer bays,
spatial allowances for generator pads, spatial allowances for MCC extensions, or spatial allowances for
other major electrical assets.

If the Project Manager determines that provisions for imminent expansion or additions are warranted,
the Designer shall document these allowances on the Design Summary drawings during the
Engineering Design stage to clarify both the timeframe and the specific provisions being made. All
future upgrade allowances must be clearly indicated on the Design Summary drawings to prevent
misinterpretation during construction and subsequent project planning.
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2

2.1

2.2

2.3

Treatment Plant — Installation Types

Treatment plants are classified by electrical capacity into three types: Small (Type 1), Medium (Type
2), and Major (Type 3).

Type 1- Small

Small treatment plant sites with an electrical demand of less than or equal to 315 kVA are supplied by
a single Network Operator owned “Sole Use” transformer, which may have a demand capacity of 160
kVA, 200 kVA, or 315 kVA. These installations shall meet the standard design requirements specified
in Design Standard DS22, ensuring simplicity and compliance.

Transformers may be aerial mounted transformers (<200 kVA) or padmount transformers (< 315
kVA).

Type 2 - Medium

Medium treatment plants where the electrical demand ranges from more than 315 kVA to less than or
equal to 2 MVA are served by Corporation-owned High Voltage connected and metered supplies.

These installations may include one or multiple transformers with total demand capacity up to 2 MVA.
The site is typically supplied via two High Voltage (11, 22, 33 kV) Network Operator cable feeders.
These installations shall conform to the standard design requirements of Design Standard DS21 and
feature a duty transformer with a standby transformer to enhance reliability and availability.

Transformers may be ground mounted cable connected transformers mounted within a switchyard or
padmount transformers.

Type 3 - Major

Major treatment plant sites have an electrical demand capacity exceeding 2 MV A. These installations
are supplied by multiple Corporation-owned, High Voltage connected and metered transformers of
suitable capacity.

These installations shall adhere to the standard design requirements of Design Standard DS21 with
several transformers in operation and a standby transformer for enhanced reliability and availability.
The site is typically supplied via two High Voltage (11, 22, 33, 66, or 132 kV) Network Operator cable
feeders, and at higher voltages, may feature GIS switchgear.

Transformers may be either of the aerial or cable connected type located within High Voltage substation
enclosures.

The subsequent sections will address each of the three categories of treatment plant installations as
appropriate.
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3
3.1

3.2

BASIS OF DESIGN

General

Process Engineering (Refer Design Standard DS81 Process Engineering) directs the overall design
procedure for Corporation assets. The process engineering is usually completed first and then serves as
the ‘basis of design’ for other engineering disciplines. Consequently, the electrical engineering
discipline shall contribute relevant input to support the completion of a comprehensive process design.

The design of the treatment plant with respect to electrical engineering shall be carried out in accordance
with:

(a) The Corporation's Design Process for Electrical Works (DS20),
(b) This Design Standard (DS28), and
(c) The Corporation's design brief.

The Corporation's Design Standards set out the general standards and practices to be followed for all
projects. However, during design of a particular treatment plant design data are accumulated, decisions
are made and guidelines are developed which are specific to that treatment plant and which are not
necessarily covered in detail in the Design Standards.

Such decisions shall be recorded, reviewed and incorporated into the project design management system
as described hereunder.

Basis of Design Document

The Designer is tasked with contributing to the Basis of Design Document for electrical power systems.
This document will capture the design information specific to the treatment plant and must be kept
current to ensure its relevance for detailed design personnel, reviewers, and designers from other
disciplines. The Basis of Design Document shall form the basis for the preparation of the Concept
Design Report and the Engineering Summary Report required under Corporation's Design Process for
Electrical Works (Design Standard DS20).

Since the electrical engineering design associated with treatment plants must proceed to some extent in
conjunction with the process design, it is recognised that not all information may be available and not
all design decisions may have been made at this early stage.

Therefore, to ensure effective management of the design process, it is essential that the Designer
consistently contributes to maintaining the Basis of Design as an active document throughout the
duration of the design project.

The electrical Basis of Design input document shall include the following items:
a) A brief outline of the scope of electrical work,
b)  Specific definitions and abbreviations,

c)  Specific details of site conditions, including environmental conditions, isoceraunic level
and details of any specific constraints,

d) Details of power supply to the site (source, voltage, fault levels, voltage flicker and
harmonic limits etc,) and estimates of power demand,

e) Decisions regarding locations and types of transformers, cabling, switchgear, switchboards,
earthing systems, lightning protection, types and voltages of motors and variable speed
controllers,

f)  Decisions regarding classification of hazardous areas and types of hazardous area
equipment to be used (in accordance with the requirements of HA-ST-02: EEHA Hazardous
Area Classification Manual and HA-ST-03: EEHA Selection and Installation Manual),

Uncontrolled if Printed Page 20 of 84

Ver 2 Rev 0

© Copyright Water Corporation 2026



Design Standard No. DS 28

OYWATER

Treatment Plants - Electrical

3.3

3.4

g)  Decisions regarding lighting, fire and security systems,

h)  Details of any departures or exemptions from the Corporation's Design Standards that have
been approved by the Senior Principal Engineer and,

1) Decisions arising from discussions with operators, maintenance staff and other
stakeholders.

)] Provide details regarding potential solar power integration to enhance the existing power
system. It is essential to ensure that civil structures are properly engineered to accommodate
additional loads, and the involvement of the designer throughout the process is necessary.
Refer clause 4.8 below.

k)  Provide an overview and discuss the application of Sustainable Electrical Design Principles
outlined in clause 1.4.

Environmental Conditions

The electrical engineering design shall be based on green field site environmental conditions determined
as follows:

a)  Maximum ambient temperature - the maximum monthly average daily maximum outside
temperature for the site as published by the Commonwealth Bureau of Meteorology,

b) Maximum humidity - the maximum monthly average index of humidity for the site as
published by the Commonwealth Bureau of Meteorology,

c) Isoceraunic Level - as shown for the site on the Average Thunder Day Map published by
the Commonwealth Bureau of Meteorology,

d)  Corrosion Environment - the atmospheric corrosivity category (C1 to CX) for the site,
determined in accordance with AS/NZS 2312.1 and AS 4312,

e)  Airborne dust pollution level - severe, moderate, or low as determined for the site bearing
in mind proposed operations and future developments,

f)  Altitude - site mean height above sea level.

Except for air-conditioned spaces, the environmental conditions at the various locations around the
treatment plant will be more severe than the values determined above and shall be estimated based on
the above values depending on the particular location.

In wastewater treatment plants particular attention shall be paid to equipment to be located in areas in
which traces of hydrogen sulphide (H>S) gas may be present.

Within buildings, sun loading and heat losses from energy conversion equipment (including switchgear)
will raise the local temperature above outside shade ambient temperature. In such cases ventilation or
air conditioning shall be provided to ensure that internal room temperatures do not exceed 45°C.

Air filtering may be required to reduce to acceptable values the levels of airborne contaminants including
poisonous and/or corrosive gases. If such is the case, filters shall be arranged to facilitate convenient
maintenance.

P&ID's and Equipment Lists

The Designer's first task shall be to review the initial conceptual P&ID and in conjunction with the
process, chemical, instrumentation, control, SCADA and mechanical designers to develop and expand
the P&ID details. From these the Designer, in conjunction with the mechanical designer, shall prepare
the following lists on which the electrical engineering design shall be based. As a minimum the lists
shall include the details in sections 3.4.1 to 3.4.4 below. Additional information shall be included as
necessary to ensure that the equipment selected is appropriate to the specific process requirements and
environmental conditions.
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3.4.1

3.4.2

3.4.3

Mechanical Equipment List

Preparation of the mechanical equipment list is primarily the responsibility of the mechanical designer.
However, the electrical designer shall ensure that the list contains at least the following information and
that equipment is correctly numbered in accordance with Design Standard DS81:

a) Plant area.

b) Unique equipment number.

¢) Equipment name and description.

d) Date and revision details.
And for electrically driven equipment:

e) Supply voltage.

f) Rated load (kW).

g) Actual load (kW).

h) Duty (continuous, intermittent, standby).

i)  Starter type, and whether fixed or variable speed.
Valve List

Preparation of the valve list is the responsibility of the hydraulic, process or mechanical designer.
However, the electrical Designer shall ensure that the list contains at least the following information and
that equipment is correctly numbered in accordance with Design Standard DS81:

a)
b)
c)
d)
e)
f)
g)
h)

Plant area.

Unique valve number.

Valve name and description.

Fluid.

Valve size and type.

Actuator details (if applicable).

Position transmitter and position switch details (if applicable).

Date and revision details.

Electrical Equipment List

The Designer shall develop the electrical equipment list from the mechanical equipment and valve lists,
with the addition of non-mechanical equipment such as lighting and small power, UPS's, transformers,
switchboards, distribution boards and the like. The list shall contain at least the following information:

a)
b)
c)
d)
e)
f)
g)
h)

Plant area.

Unique equipment number.

Equipment name and description.
Supply voltage and number of phases.
Rated load (kW).

Actual load (kW).

Duty (continuous, intermittent, standby).

Starter type (as applicable).
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3.44

3.5
3.5.1

3.5.2

i)  Number of PLC inputs and outputs required.
j)  Switchboard from which supplied.

The designer shall use the electrical load list as a basis for estimating loads and maximum demands for
each switchboard and for the treatment plant as a whole. (This can be done conveniently by creating the
electrical load list as a database or spreadsheet with automatic calculation of load subtotals and totals,
taking power factor into account.)

Maintenance of Lists

The Designer must ensure that all lists are consistently updated throughout the duration of the project
until the completion of commissioning. This necessitates rigorous project management controls and
close collaboration among designers from all disciplines; significant issues may arise if changes are
not properly managed.

In large-scale projects, maintaining these lists can be a substantial responsibility.
Equipment Numbering Systems

Mechanical and Electrical Equipment Numbering

Mechanical and electrical equipment numbers shall be allocated according to Section 5 of the
Corporation's Design Standard DS81 “Process Engineering". The general format for equipment
numbering is detailed in section 5.5 of Design Standard DS81.

Generally, each sequential equipment number shall be used only once within each process area. Motors
shall be numbered as for their driven equipment. For example, "MV 15002" is the variable speed motor
associated with raw water pump "PU 15002". Variable speed controllers and local control stations shall
be numbered as for their associated motors.

Where there is more than one motor associated with an item of equipment (such as a blower drive motor
with an electrically driven lube oil pump), the ancillary motors shall be identified with the suffix A, B,
C etc. For example, MF 42004A could be the drive for a lube oil pump associated with blower motor
MF 42004.

Existing Treatment Plants

Guidelines for work on existing treatment plants are given in section 20.
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4
4.1

4.1.1

4.1.2

4.1.3

4.2
4.2.1

4.2.1.1

4.2.1.2

INCOMING SUPPLY.
Energy Supply Agreement

Major Treatment Plants

For major treatment plants, the Corporation may wish to consider purchase of energy from an electrical
power supplier other than the local Network Operator. Negotiations in this respect will be carried out
by the Corporation itself. However, to assist the Corporation in this regard, the Designer shall carry out
preliminary assessments of:

a) Expected maximum demand power requirements stage by stage,

b) Expected load versus time-of-day profile including an assessment of any power export from
embedded generation, and

¢) Date by which power supply is expected to be required.

Medium Treatment Plants
The purchase of energy shall be from the local Network Operator.

Small Treatment Plants

The purchase of energy shall be from the local Network Operator.
Connection to the Electrical Supply Network

Incoming Supply Arrangements

Small Treatment Plants

The incoming supply to small treatment plants (Type 1) shall comply with the provisions and
arrangements specified in clause 6.1 of Design Standard DS22 for small pump stations. However, it is
important to note that the supply must be exclusively from a Network Operator (Supply Authority)
"sole use" substation.

Medium Treatment Plants

The incoming supply to medium treatment plants (Type 2) shall comply with the provisions and
arrangements specified in clause 3.1 of Design Standard DS21 concerning major pump stations.

That is, supply shall be taken at High Voltage (typically 11, 22 or 33 kV) with the Network Operator
metering being at High Voltage and the associated transformers and primary side High Voltage
switchgear being Corporation owned.

The Corporation’s main incoming High Voltage switchboard shall be of the indoor type located in a
separate dust free switch room or in a proprietary weatherproof and dust free kiosk enclosure all as
further discussed in Design Standard DS21.

Note: SFs-free technologies is preferred where they meet all operational and reliability requirements.
GIS may use dry air, nitrogen, or other approved SFs-free gases, provided they comply with IEC 62271
requirements.
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4.2.1.3 Major Treatment Plants
The incoming supply to major treatment plants (Type 3) shall generally comply with the provisions and
arrangements specified in clause 3.1 of Design Standard DS21 concerning major pump stations.
However, it should be noted that supply may be taken at voltages higher than 33kV (typically 66 kV or
132 kV) and involve the use of outdoor aerial switchyards utilising air insulated or GIS (SF¢ gas
insulated switchgear). In special cases dual supplies from separate zone substations may be required.
Note: At high voltages (=52 kV), GIS may utilise SFs or approved SFs-free alternative gases subject to
Network Operator approval and compliance with IEC 62271-203 and associated standards, dry-air
GIS is not currently available for these voltage classes.
4.2.2 Initial Connection Enquiries
Early in the design process (Concept design for Major/Medium treatment plants or Primary design for
small treatment plants as per Design Standard DS20) the Designer shall reach an understanding with the
Network Operator as to the likely conditions of connection to the electrical supply network. Initial
information to be provided to the Network Operator shall include:
4.2.2.1 Medium and Major Treatment plants
a)  Expected maximum demand power requirements,
b) Expected load versus time-of-day profile including an assessment of any power export from
embedded generation,
c¢)  Required supply voltage,
d)  Whether dual power supplies are required from zone substations (special cases only),
e)  Maximum motor size,
f)  Types of drives,
g) Size and type of any expected embedded generation, and
h)  Date by which power supply is expected to be required.
4.2.2.2 Small Treatment Plants
a) A “sole use” transformer shall be supplied
b)  Maximum demand as per clause 6.1.4 of Design Standard DS22.
4.2.3 Information Required Initially from the Network Operator
In making the initial submission to the Network Operator, the Designer shall request the following
information:
4.2.3.1 Medium and Major treatment Plants
a)  The minimum and maximum fault levels at the site,
b)  The minimum and maximum source impedances (positive, negative and zero) at the site,
c)  The Network Operator’s voltage to site,
d)  Single or dual supplies required,
e)  Any required variations from the Network Operator's published Specific Requirements
(including power factor, voltage flicker and harmonic limit requirements),
f)  Any required special protection requirements,
g)  Details of the available tariff options,
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4.2.3.2

4.3

4.3.1

4.3.2

4.3.3

h)  The location and type of Network Operator's metering unit,
1) The date connection could be made to the electrical supply network, and

)] The cost of connection.

Small Treatment Plants

a) Supply Authority fault levels (and/or source impedance), transformer impedance and
Power Quality Limits (voltage flicker, power factor and harmonic) applicable to the site,

b) Confirmation of the “sole use” transformer to be provided,

¢) Cost of connection, and

d)  The date connection could be made to the electrical supply network.

Incoming High Voltage Electricity Supply for Medium and Major
Treatment Plants

Point of Attachment

For medium treatment plants (Type 2), the incoming power supply will typically be at 11 kV, 22 kV,
or, less commonly, 33 kV. These facilities often require power distribution over a large area, making it
advantageous to maintain the supply voltage across the site. In such circumstances, the implementation
of step-down transformer substations at various locations within the treatment plant complex becomes
necessary to effectively manage the electrical load.

In major treatment plants (Type 3), the incoming electrical supply to the site is typically at 22 kV or
higher, often reaching 66 kV or 132 kV. Due to the extensive area covered by a major treatment plant,
it is advantageous to distribute power across the site at high voltage levels, commonly 11 kV or 22 kV.
Consequently, it is necessary to install step-down transformer substations at various load centres within
the treatment plant complex to efficiently manage and distribute the power. Such step-down transformer
substations shall consist of dual transformers configured in a duty/standby arrangement.

The Corporation's designated point of attachment to the incoming electrical supply distribution network
will be at the juncture where the supply enters the premises. The High Voltage distribution system
downstream from this point will fall under the jurisdiction and responsibility of the Corporation.

Point of Common Coupling

The point of common coupling is the point on the network where Corporation assets associated with a
connection point are connected to primary network assets that are shared with other Users. For
Corporation assets this is usually the line side of the Corporation’s incoming High Voltage equipment.

Metering and Incoming Isolators

The Network Operator's metering will be at the incoming supply voltage and may consist of either an
external aerial mounted metering unit (not normal practice nowadays) or may be an internally mounted
metering unit. When an internally mounted metering unit is to be used, the Network Operator's metering
unit and line side isolating switch shall be located integral with the Network Operator's primary supply
voltage switchboard.

Medium and major treatment plants shall have two feeders from the single incoming electrical supply
distribution network. Each feeder shall be connected to the switchboard via separate Network Operator
controlled isolators connected in parallel to the line side of the Network Operator's metering unit. If a
second incoming feeder is not available initially, space shall be provided for the addition of a second
incoming isolator on the line side of the Network Operator's metering unit.
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4.3.4

4.3.5

4.4

4.4.1

As discussed in clause 4.2.1.3, under specific circumstances, a supply from two distinct zone
substations may be necessary. However special approval from the Corporation’s Senior Principal
Engineer will be required.

Metering data shall be fed into the Plant Control System (PCS). As a minimum, the following data shall
be provided:

a) Instantaneous power consumption
b) Instantaneous kVA
c) Tariff

Surge Protection and Insulation Coordination

The insulation coordination system for the complete High Voltage system (incoming and plant
distribution) shall be designed in strict accordance with the provisions outlined in Design Standard
DS27.

Furthermore, the application, design, and installation of surge arresters shall fully comply with the
requirements set forth in Design Standard DS27.

Incoming Feeder Ratings

It is an additional specific requirement of Western Power that no single High Voltage main switchboard
connected to the Western Power normal High Voltage distribution network be rated greater than 4 MVA.

Consequently, within a particular treatment plant with a total electrical load > 4 MVA, <8 MVA, the
loads will have to be distributed across two incoming main switchboards.

Both such switchboards are required to have two incoming isolators on the line side of the switchboard
metering unit. Western Power will provide a separate feeder to each switchboard and reserve the right
to parallel the two switchboards using a Western Power cable interconnecting the second incoming
isolator on each switchboard. However, paralleling of the two switchboards within the Corporation's
distribution system is not permitted.

High Voltage Distribution for Medium and Major Treatment
Plants

General

General requirements pertaining to High Voltage distribution within the treatment plant:

a) All the Corporation's High Voltage distribution within the treatment plant site shall be
underground cable type and High Voltage switchgear shall be indoor type suitably enclosed.
The use of overhead line mounted recloser switchgear shall not be permitted, neither shall the
use of air insulated and/or air break switchgear be permitted within the treatment plant High
Voltage distribution system,

b) High Voltage distribution systems, whether radial or ring type, shall be selected based on the
criticality of plant operations, redundancy requirements, fault tolerance, and future expansion
potential. The design shall ensure safe, reliable, and maintainable power delivery to all essential
equipment, including pumps, disinfection systems, control panels, and SCADA infrastructure.

Ring main systems are usually adopted in large or critical installations where continuous
operation is essential and downtime must be minimised.

Note: Radial feed systems shall be used in small treatment plant (Type 1) facilities (non-critical)
where simplicity and cost-effectiveness are priorities.
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4.4.2

¢) The High Voltage distribution system for medium treatment plants (Type 2) may be of the radial

or the open ring main type. The High Voltage distribution system for major treatment plants

(Type 3) shall be of the open ring main type. If the open ring main type of distribution is use

d,

interlocking shall be provided to prevent closure of the ring main. If an open ring main system
is used in conjunction with two incoming High Voltage switchboards, operational procedures

shall be put in place to ensure that ring main switching does not result in the load on eith
switchboard exceeding 4 MVA,

d) The table below is provided to support decision-making for medium-sized treatment plants.

Criteria Radial Feed Ring Main

System Size Suitable for small to medium facilities Preferred for medium to large facilities
Operational Criticality Appropriate for low to moderate criticality Ideal for high criticality operations
Redundancy Requirements Not required Required for continuous operation

Fault Tolerance Single point of failure Faults can be bypassed; supply maintained
Maintenance Flexibility Affected section must be shut down Sections can be isolated without service

interruption

Cost Lower initial cost Higher due to additional cabling and switchgear

Protection Complexity Simple protection scheme Requires coordinated protection and
directional relays

Expansion Capability Limited scalability Flexible and scalable for future growth

Typical Applications Remote pumping stations, non-critical zones Main treatment trains, control rooms, chemical
dosing, SCADA infrastructure

Table 4.1 Decision Matrix

e) All High Voltage main switchboards shall be located in separate purpose built switchrooms (or

cr

for smaller treatment plants in weatherproof kiosks) close to the point of attachment to the

incoming electrical supply distribution network,

f) Transformer substations shall be located near the associated electrical loads and shall consist of

primary voltage switchgear, transformer(s) and earthing system, all suitably enclosed separate
from enclosures for associated secondary voltage switchgear and treatment plant equipment an

ly
d,

g) The treatment plant electrical supply configuration shall be such that the Low Voltage

prospective fault current levels do not exceed 50 kA.

Protection Equipment

Further protection requirements are detailed in clause 7.14 of DS21.

High Voltage distribution cable systems within a treatment plant shall be protected by circuit breakers
and associated protection relays. Definite Minimum Inverse Time Delay overcurrent and earth fault
protection shall be provided as a minimum.

If the High Voltage distribution system is of the open ring main type, directional overcurrent and earth
fault protection shall be provided to provide adequate protection grading regardless of the location of
the open point.

If the treatment plant includes embedded generation equipment, additional protection equipment shall
be provided as detailed in para. 4.7 hereunder.
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4.4.3

4.4.4

Tripping Releases and Power Supplies
General requirements pertaining to tripping releases and power supplies:

a) High Voltage circuit breakers supplying transformers rated >1500 kVA shall be equipped
with D.C shunt trip releases and D.C. under voltage releases.

All protective devices on circuit breakers supplying transformers rated > 1500 kVA shall
trip the circuit breaker utilising either the D.C. shunt trip release or the primary current sensor
powered release (if the latter is fitted also).

b) High Voltage circuit breakers supplying transformers rated < 1500 kVA shall be equipped
either with D.C shunt trip releases and D.C. under voltage releases or shall be supplied with
primary current sensor powered releases and A.C. shunt trip releases.

Overcurrent and earth fault protection relays on circuit breakers supplying transformers rated
<1500 kVA shall trip the circuit breaker utilising either the D.C. shunt trip release or the
primary current sensor powered release (if the latter is fitted). Other protective devices shall be
connected to such circuit breakers so as to trip the circuit breaker via the associated D.C. shunt
trip release or A.C. shunt trip release, whichever is fitted.

¢) High Voltage switch fuses supplying transformers rated < 315 kVA may be fitted with an
A.C. shunt trip release only for the purpose of tripping the switchfuse in the event of a
transformer over temperature fault or for operational reasons.

d) AC shunt trip releases fitted to High Voltage circuit breakers (or high Voltage switch fuse
units) supplying transformers shall be powered from the secondary side of the transformer fed
by the particular High Voltage circuit breaker (or High Voltage switch fuse unit).

Note I:

Reliable tripping of high-voltage transformer feeders depends on ensuring that protection functions
always have an assured source of tripping energy, regardless of system conditions. Larger transformers
require DC shunt-trip and DC undervoltage releases because a supervised DC supply provides secure
tripping even during upstream voltage depression or transformer faults. For smaller transformers,
primary-current-sensor-powered releases or AC shunt-trip arrangements may be used, provided all
protection functions have a guaranteed tripping path. AC shunt-trip coils must be supplied from the
transformer secondary so that tripping is only possible when the transformer is energised, avoiding
nuisance operation during dead-line switching. A separate consideration is required for switch-fuse
units on small transformers, where AC shunt-trip facilities are typically limited to over-temperature or
operational tripping. This approach ensures dependable fault clearance, avoids loss-of-trip scenarios,
and maintains coordination with upstream network protection.

Note 2:

Dead-line switching means operating a breaker when the downstream line or transformer is
de-energised, and it’s the reason AC shunt-trip coils must be powered from the transformer secondary,
so they only operate when the transformer is live.

Insulation Coordination for Plant Distribution System
Clause 4.3.4 refers.
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4.5
4.5.1

4.5.2

4.5.3

4.5.4

4.5.5

4.5.6

4.5.7

4.6

Substations within Medium and Major Treatment Plants

Dual Transformers

Dual transformers, configured in a duty/standby arrangement, shall be provided in substations supplying
High or Low Voltage power to critical areas of the treatment plant.

Switchgear Enclosures

High Voltage distribution system switchgear shall be housed in outdoor kiosk enclosures or in separate
switchrooms located within treatment plant buildings.

Where the substation consists of a duty transformer rating exceeding 1500 kVA, the High Voltage
switchgear shall be located in a separate switchroom.

Switchgear kiosk enclosures shall comply with the requirements of Section 3.4.4 of Design Standard
DS21.
Transformer Enclosures

Oil transformers rated < 1500 kVA may be housed in outdoor kiosk enclosures in accordance with the
requirements of Section 7.16 of Design Standard DS21. Otherwise, oil filled transformers shall be
located outdoors in fenced enclosures and dry type transformers shall be housed in separate well-
ventilated transformer rooms located within treatment plant buildings.

Dry type transformers shall be located in a room within a building. Section 3.4.3 of Design Standard
DS21 refers.

Note: Dry type transformers shall not be located outdoors in kiosk enclosures.

Clearances.

The clearances to be maintained between oil filled transformers and buildings and between each other
shall comply with the requirements of Section 3 of Design Standard DS21.

Connections to Transformers

Connections to transformers shall comply with the requirements of Section 3 of Design Standard DS21.

Transformer Ratings

Transformer ratings shall comply with the requirements of Section 3 of Design Standard DS21.

Transformer Feeders

Transformer High Voltage and Low Voltage feeders shall comply with the requirements of Section 3 of
Design Standard DS21.

Low Voltage Distribution within Medium and Major Treatment
Plants

4.6.1 General
It may be necessary to provide Low Voltage distribution between various adjacent sections of the
treatment plant, sometimes to provide an alternative source of supply. If the latter is the case,
interlocking shall be provided to prevent voltage being back fed into the High Voltage distribution
system.
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4.6.2

4.6.3

4.6.4

4.7

4.7.1

4.7.2

Sectionalising Switchboards

In critical areas of the treatment plant consideration shall be given to sectionalising the main Low
Voltage switchboard in each area. The decision as to whether or not to sectionalise such switchboards
shall be in accordance with Sections of Design Standard DS21 (Section 3.5 in particular).

Protection

All circuits within the Low Voltage distribution system shall be provided with short circuit protection
by means of fault current limiting circuit breakers fitted with mains current operated over current and
earth fault releases.

Neutral and Earth Connections

The Low Voltage star point of each transformer shall be connected directly to earth. All earth bars within
a particular switchboard shall be connected directly to the switchboard's main earth bar.

Embedded Generation within Medium and Major Treatment
Plants

Use of Earthing Transformer

Where the treatment plant includes embedded generation that is required to energise or transmit power
over the internal High Voltage (HV) distribution system when the site is disconnected from the incoming
electrical supply network, an earthing transformer shall be provided to establish an effective earth
reference for the internal HV system during such islanded operation.

The circuit breaker supplying the earthing transformer shall close automatically whenever the main
incoming HV supply circuit breaker is open, thereby ensuring the internal HV system remains
effectively earthed during islanded generation. The earthing transformer circuit breaker shall open
automatically once the main incoming HV supply circuit breaker is closed and the site is reconnected to
the external network.

The control and interlocking scheme shall be fail-safe and integrated into the HV protection and control
system to prevent paralleling of earthing sources and to ensure correct system earthing under all
operating conditions.

Selection of Earthing Transformers

Earthing transformers shall be of the interconnected-star (zig-zag) type and shall be rated based on the
required neutral-to-earth fault current. The kV A rating of a three-phase earthing transformer shall be
calculated as the product of the line-to-neutral system voltage (kV) and the rated neutral-to-earth current

(A).

The earthing transformer shall be designed such that, when connected to an otherwise unearthed
three-phase system, a solid earth fault on any phase results in the circulation of the rated neutral-to-earth
current. The zero-sequence impedance and any associated neutral earthing resistor shall be selected
accordingly.

The earthing transformer shall be sized to withstand the maximum prospective single-phase earth-fault
current on the internal High Voltage distribution system for the full protection clearing time. The
transformer shall have a short-time thermal rating adequate for the highest earth-fault current expected
under islanded operating conditions and the maximum duration required for protective devices to
operate, with a minimum short-time rating of 1 second.
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4.7.3

4.7.4

4.7.5

Synchronising with the Incoming Supply

Embedded generators shall be connected to the incoming mains supply via automatic synchronising
equipment.

Point of Connection of Embedded Generators and Earthing Transformer

Wherever practical the point of connection of embedded generators and their associated earthing
transformer to the High Voltage distribution system shall be at the site main switchboard so as to make
the interlocking, between the circuit breakers controlling these items and the main circuit breaker, as
direct as possible.

Harmonic Circulating Currents.

Embedded generation is often required to supply local loads that must also be capable of being supplied
from the incoming utility supply when the embedded generators are not in service. Where the embedded
generators are Low Voltage units connected in parallel on the Low Voltage side of a delta/star step-down
transformer, the generator neutrals shall be connected together to maintain a common reference point
and to prevent neutral displacement.

Two-thirds pitch wound generators inherently produce negligible triplen harmonic voltages. However,
this winding arrangement results in very low zero-sequence impedance. When such generators are
paralleled with other machines or sources that produce significant triplen harmonic voltages, the low
zero-sequence impedance provides a path for substantial triplen harmonic circulating currents. These
currents do not contribute to real power transfer and may cause overheating of generator windings,
neutrals, and associated equipment.

A delta/star transformer does not inherently generate triplen harmonic voltages. However, when
operated above nominal voltage it can draw significant third-harmonic (zero-sequence) magnetising
current. This current circulates in the delta winding and, when the transformer is paralleled with a low
zero-sequence impedance source such as a two-thirds pitch generator, can drive substantial
third-harmonic circulating current.

For example, a 2000 kVA 22/0.415 kV delta/star transformer operating at 108% of nominal voltage may
cause a circulating third-harmonic current of approximately 140 A when paralleled with a two-thirds
pitch 400 kVA generator (full-load current 560 A). This corresponds to 25% of full-load current per
phase and increases the generator phase RMS current by approximately 3%, which is generally
acceptable thermally provided the generator star-point connection is rated for full-load current.

The third-harmonic circulating current appears as zero-sequence current to generator earth-fault
protection. With a typical earth-fault pickup setting of 10% of full-load current, it is desirable to limit
the third-harmonic current to approximately 3% of full-load current to avoid nuisance tripping. In this
example, a series resistor of approximately 0.04 Q between the generator star point and the neutral/earth
busbars would achieve this reduction, subject to verification of earth-fault protection sensitivity and
touch-voltage limits.

Use of a transformer with low magnetising current (e.g., low-loss core design) will reduce the magnitude
of third-harmonic circulating current.

The Westinghouse Electrical Transmission and Distribution Reference Book is a useful reference in
regard to the above matters.

The approximate value of the third harmonic circulating current can be calculated as follows:

I3 = Ie3*Xp3/ (Rn + 0.33*Xt3*j+3* |Xg()

*j) = third harmonic circulating current, amps
where: I. = I* F. = excitation current at 108% of Vt, amps

I = Q/(3%5*V))
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= transformer rated current, amps

Q. = transformer rating, kVA

V= transformer secondary voltage rating, kV (= 0.415 kV)

F. =50 Hz excitation current, per unit of I,

L3 =I*F3

= 3rd harmonic content of I, amps

F3 = 3rd harmonic content of excitation current, per unit of I,
Xp3= Xi3*F,

= transformer primary winding 3rd harmonic impedance, ohms
Xi=|Zy * |Xi| *j*150/50

= transformer total 3rd harmonic impedance, ohms

|Z(| = VZ*1000/Qq

= transformer base 50 Hz impedance, ohms

F,=ratio of transformer primary winding impedance to total impedance
|X:| = transformer 50 Hz impedance, per unit of |Z; |

R, = neutral resistor, ohms

|Xe0| = generator 50 Hz zero sequence impedance, ohms

HV embedded generators generally do not exhibit significant triplen harmonic circulating currents
because their connection through a delta winding (or isolated star) prevents zero-sequence current flow.
Using two-thirds pitch machines further reduces the possibility by minimising triplen harmonic voltage
generation and is preferred.

4.7.6 Fault Levels
The provision of embedded generators will increase significantly the fault level within the treatment
plant's electrical system hence the Designer shall carry out calculations to ensure that equipment
specified fault ratings are adequate. Because the zero sequence impedance of two thirds pitch alternators
is very low, the increase in earth fault level can be particularly significant.

4.7.7 Generator Specifications
General specifications for embedded generators:

a) The generator set engine shall be sized to meet the maximum mechanical power required for
the intended duty, including transient load acceptance. The alternator shall be sized to meet the
electrical load demand, including continuous, motor-starting, and non-linear load
requirements.

b) Generating sets supplying loads with a significant proportion of non-linear load (typically
>20% of total kVA) shall be fitted with electronic governors to ensure stable frequency and
rapid load-step response.

¢) Alternators supplying non-linear loads shall have a subtransient reactance X4 not greater than
0.05 per unit, using the non-linear load kVA as the per-unit base.

d) Alternators fitted to embedded generating sets shall comply with the requirements of DS26-27
- Type Specification for Treatment Plant Alternators.
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4.7.8 Generator Protection

Embedded generators shall be provided with protection by relays or protection functions independent
of the generator set management/control system, as a minimum including:

a) Phase overcurrent

b) Restricted earth fault or differential protection (as appropriate to generator rating and
connection)

¢) Neutral overcurrent, where the generator neutral connection is rated for less than the generator
full-load phase current

d) Reverse power

e) Loss of excitation (for synchronous generators)

f) Pole slip (for synchronous generators)

g) Overvoltage

h) Underfrequency

1) Synchronism check, where the generator is capable of parallel operation with another source

j) Negative sequence overcurrent, for alternators rated greater than 1000 kVA

4.7.9 Loss of Incoming Mains Protection

It is important that, upon loss of the incoming mains supply, the treatment plant main circuit breaker
opens before the relevant Network Operator’s circuit breaker recloses, to prevent the incoming supply
being re-applied to unsynchronised embedded generation. Consequently, the fdlowing protection
functions shall be provided on the treatment plant main circuit breaker, in addition to those specified in
para. 4.3:

a) Voltage vector shift,

b) Rate of change of frequency,

¢) Neutral displacement,

d) Directional earth fault (monitoring the incoming supply),
e) Directional overcurrent (monitoring the incoming supply)
f) Under frequency,

g) Under voltage,

h) Reverse power (if power export is prohibited),

1)  Over frequency (if power export is permitted),

j)  Over voltage (if power export is permitted),

k) Synchronism check.

4.7.10 Generator Circuit Breakers

Circuit breakers controlling generators shall be of the fully withdrawable type and shall have an
operational durability rating of 10,000 open and close operations without current in the main circuit.
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4.7.11

4.7.12

4.8
4.8.1

4.8.2

4.8.3

Network Operator's Special Requirements

Depending on the location of the treatment plant, the Network Operator may have special requirements
in respect to the operation and protection of embedded generators, which the Designer shall ascertain
and take into account in the preparation of the design.

Use of Uninterruptible Power Supplies

Critical instrumentation shall be supported by small local uninterruptible power supplies (UPS's) rather
than use of smaller numbers of a larger UPS's.

UPS's shall be arranged so that back feeding onto associated mains supply cables is prevented.

Small local UPS's shall be purchased in accordance with the requirements of either Type Specification
DS26-30 or DS26-31 as appropriate.

Solar Energy System Integration

Scope

This section outlines the electrical design requirements for integrating solar photovoltaic (PV) systems
into the power infrastructure of major treatment plant facilities. The intent is to ensure that the solar
installation meets safety, reliability, and operational compatibility with existing plant power systems.

General Requirements

Solar photovoltaic (PV) systems shall be designed for seamless operation alongside existing utility and
backup power sources. All components shall comply with network operator requirements, relevant
national and international standards, including AS/NZS 3000 for wiring rules, AS/NZS 5033 for PV
array installation, and the AS/NZS 4777 series for grid connection of energy systems via inverters. The
system shall be capable of maintaining grid compatibility, including voltage and frequency regulation,
and must incorporate anti-islanding protection to prevent unsafe operation during grid outages.

Furthermore, rooftop solar PV systems installed on buildings within the treatment plant shall be
designed, installed, and commissioned in accordance with all applicable civil and structural standards.

Civil and Structural Requirements

The deployment of rooftop solar PV systems on buildings within the treatment plant shall adhere to civil
and structural engineering standards designed to ensure the enduring integrity, safety, integrity,
reliability, operational continuity and serviceability of the host site structures. The following
requirements shall apply:

a) Structural evaluation and formal certification
b) Durability against wind loads and various environmental conditions
¢) Preservation of roof integrity and effective waterproofing

d) Provision of safe access, designated walkways, and adequate maintenance
accommodations

e) Utilization of corrosion-resistant materials for equipment mounting and attachment

f) Assurance of compatibility with the building’s operational functions and existing services
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4.8.4

4.8.5

4.8.6

4.8.7

4.8.8

System Protection

To ensure personnel safety and equipment integrity, the design shall include lockable isolators on both
the DC and AC sides of the PV system. Surge protection devices (SPDs) shall be installed on both sides
to mitigate the effects of lightning strikes and switching surges. The system shall incorporate ground
fault protection and arc fault detection to reduce the risk of fire. All metallic components, including PV
module frames and mounting structures, shall be bonded and earthed in accordance with AS/NZS 3000.

Monitoring and Control

The solar energy system shall be integrated into the plant’s supervisory control and data acquisition
(SCADA) system to enable real-time monitoring, fault detection, and remote control. Performance data,
including energy yield and system health indicators, must be logged and accessible remotely.
Environmental sensors such as irradiance and ambient temperature shall be included to support
performance analysis and predictive maintenance.

Installation, Commissioning and Maintenance

All cabling must be sized appropriately to handle maximum current loads and minimize voltage drop,
with insulation rated for UV exposure and outdoor conditions. Components shall be clearly labelled and
installed to allow safe and convenient access for maintenance personnel. The Designer shall ensure
documented test and commissioning procedures include insulation resistance testing, polarity
verification, functional checks, and performance validation to ensure the system operates as intended.

Structural Support and Roof Integrity

Further to clause 4.8.3, the Electrical Designer shall ensure a Civil/Structural Designer is engaged to
ensure:

a) All rooftop solar installations shall be mounted on civil structures that are designed and
certified to support the static and dynamic loads imposed by the photovoltaic system. This
includes the weight of panels, mounting hardware, cabling, and any associated equipment,
as well as wind uplift, and maintenance access loads.

b) Structural assessments must be conducted prior to installation to verify the roof’s load-
bearing capacity and long-term integrity. Where necessary, reinforcement or modification
of existing structures shall be undertaken in accordance with relevant building codes and
engineering standards. Mounting systems must be corrosion-resistant and securely anchored
to prevent displacement or damage under adverse weather conditions.

¢) Designs shall also ensure adequate drainage and thermal expansion allowances and must
not compromise the waterproofing or insulation performance of the roof. All penetrations
shall be sealed using approved methods to prevent water ingress and deterioration of the
building envelope.

Documentation

Comprehensive electrical documentation shall be provided as per the requirements of Design Standard
DS20.

The civil/structural designer shall provide structural calculations, drawings, and certifications as part of
the design deliverables, along with ‘as-constructed” documentation in accordance with the Corporation’s
Civil Engineering standards. A structural engineer shall provide final sign-off confirming that the
installation has been completed in accordance with the approved design.

Uncontrolled if Printed Page 36 of 84

Ver 2 Rev 0

© Copyright Water Corporation 2026



Design Standard No. DS 28

OYWATER

Treatment Plants - Electrical

4.9

4.9.1

4.9.2

Treatment Plant Wide Harmonic Analysis within Medium and
Major Treatment Plants

General

Converters including those associated with variable speed drives give rise to harmonic currents in the
supply lines and hence cause harmonic distortion of the supply voltage. Network Operators impose
limits on the levels of harmonic currents which may be drawn by any one consumer from the electrical
supply network and on the resulting level of voltage harmonic distortion at the point of common
coupling to the network. The Designer shall ensure that the design is such that these limits are not
exceeded. In this respect the Designer shall refer to Section 4 of Design Standard DS21.

Using manufacturer's harmonic current spectrum values for each converter, the Designer shall calculate
harmonic current and harmonic distortion values for the whole plant by:

a) first calculating total values of each individual harmonic current using the second summation
law (vector summation method) as defined in AS /NZS 61000-3-6 para. 6.2,

b) then calculating harmonic impedance values of the supply network using the worst-case
impedance envelope in accordance with AS /NZS 61000-3-6 Appendix G, and

c) then calculating the resulting harmonic voltage distortion values for each harmonic order
using the above values and verify compliance with the individual harmonic voltage limits and
total harmonic distortion limits specified in AS/NZS 61000-3-6.

In respect to any alternators involved in these calculations, care shall be taken to use manufacturer’s
values of sub transient reactance wherever possible. However, for preliminary calculations in the
absence of a known alternator make and model, a sub transient reactance value of 13 % can be assumed.

Active Harmonic Filtering

Active filters offer valuable and practical uses in treatment plants, especially in environments with
sensitive electrical devices, variable-speed drives, and loads that generate harmonics. They serve to
minimize harmonic distortion, maintain stable voltage, and safeguard essential process equipment.

Active power filters shall be incorporated into the electrical design of the treatment plant wherever
non-linear loads, harmonic distortion, or poor power quality may adversely affect plant operations,
equipment performance, or compliance with relevant standards.

Active filters shall be applied in areas, such as VSC pumping systems, blower/aeration systems
employing VSCs, standby generator power systems, and renewable energy systems (employing
inverter-based technologies that introduce harmonic distortion) as required by the harmonic analysis and
power quality assessment.

Active filters shall be integrated with the overall power quality management strategy for the facility and
coordinated with passive filtering, transformer sizing, earthing, and protection systems. The design shall
ensure compliance with harmonic limits, safeguard sensitive equipment, and maintain reliable and
continuous operation of all treatment processes.

See clause 10 for details and requirements.
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4.10

Power Factor Correction within Medium and Major Treatment
Plants

4.10.1 General
WA Electrical requirements require that the power factor which an electrical installation presents at the
point of attachment to the incoming electrical supply distribution network shall be not less than 0.8
lagging at the time of peak load and shall not at any time become leading. Western Power reserve the
right, in some cases, to require the power factor at the time of peak load to be not less than 0.95. The
Designer shall determine the power factor requirements applicable for the site from Western Power.
Power factor correction within treatment plants will be achieved usually by the use of capacitor banks,
active filters (Section 3.13 of Design Standard DS21 refers) but in some instances may be achieved by
use of the embedded generation alternator control.
The requirement for power factor correction can be reduced by specifying equipment with relatively
high power factors. In this respect the use of variable speed drives is beneficial because variable speed
controllers of the type complying with the Corporation's type specification have an inherently high
power factor.
However, the increasing use of variable speed drives within treatment plants means that the effects of
harmonic currents will need to be taken into account if capacitor banks are proposed for power factor
correction purposes, thus increasing significantly both the complexity of the design and the cost of the
installation.
In order to minimise the need for power factor correction, electrical equipment shall be selected so as to
minimise within practical limits reactive current demand.
Power factor correction shall be applied only if necessary to meet statutory or Network Operator
requirements.
If capacitor power factor correction is required, it shall be applied centrally (i.e. near the point of
attachment), rather than at individual loads.
4.10.2  Calculation of Required Capacitive kVAR
The fundamental relationships between capacitance and capacitive kVAR are as follows:
a) for single phase connection:
Q. = 0*C*V?* 107
Q. =1L*V
b)  for three phase star connection:
Q. = 0*C*V?* 107
Q. =3"M* . *V
c) for three phase delta connection:
Q. =3 *0*C*V?* 107
Q. =3"*[ *V
where Q. = total reactive power, kVAR
o=2*n*f
f = frequency, Hz
C = capacitance, uF per phase
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V = line voltage, kV
L. = line current, amps

Real and reactive power vector relationships for an uncompensated low power factor load are shown in
Fig. 4.1 where:

S= load, kKVA
P= load power, kW
Q= load lagging reactive power, KVAR

cos @1= P/S =load power factor
The effect of power factor correction is shown in Fig. 4.2 where:
Q. =P *(tan ¢ - tan @)
= capacitor bank leading reactive power, kVAR
S = corrected load, kVA

cos @2 = P/S| = corrected power factor

Qf--------- N a ‘r‘_____\ s

I
I
I
I
I
I
|
I
: Q1 | /£ _ _ _ ___ Y Qc
| A ¢

P, | P, |
| P, |
P P

Figure 4.1 Uncompensated Load Figure 4.2 Compensated Load

4.10.3 Effect of Converters

Power factor correction capacitors shall be installed with series reactors chosen so that the tuned
frequency (fo) of the reactor and capacitor circuit falls well below 250 Hz, where:

fo= o' * (Lc * C)"*

= tuned frequency, Hz

o=2*r*f

f = frequency = 50 Hz

L. = inductance of series reactor, Henries
C = capacitance, farads

The circuit design shall be checked to ensure that it does not resonate at any of the other harmonic
frequencies as follows:
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n= (Sk/Qc)O‘S

where n = order of the harmonic in question

Sk = short circuit level including reactance of the series reactor, kKVA
Q. = capacitor bank leading reactive power, KVAR

The value of n shall not be equal or close to the order of the harmonics which occur in the supply, usually
5,7,11, 13.

In some cases, it will be necessary to install the capacitor bank as a filter in a manner similar to that
indicated in Fig. 4.3.

HV

S

HV

S S

LV LV

5th Harmonic 7th Harmonic High-pass

[
Yy vy — FILTERS

Figure 4.3 Harmonic Filters

4.10.4  Switching of Capacitors

As can be seen from Fig. 4.2, if the treatment plant load is reduced significantly and the capacity of the
capacitor bank is not reduced, the power factor of the load as seen by the incoming electrical supply
distribution network could become leading. As this is not permitted, some switching of capacitors may
be required.

Switching of capacitors will cause a step change in treatment plant system voltage which shall be limited
to less than 2% and the switching period shall be not less than 2 hours.

The voltage change brought about by capacitor switching can be calculated as follows:
AV=100*Qc/Ss

where AV = voltage change, %

Q.= capacitor bank leading reactive power, kKVAR

Ss = system short circuit level at the point of connection of the capacitor bank RC circuit, kVA

Switching on capacitors causes switching current transients which can be calculated as follows and
protection equipment shall be rated to allow for these short-term transient currents:

I = Ic * 2%3%(S/Q.)" where I = surge current peak, amps
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4.10.5

I = switched capacitors rated current, amps
Sk = short circuit level including reactance of the series reactor, kVA

Q. = capacitor bank leading reactive power, kVAR

Switching Apparatus and Protection

All apparatus and cables in capacitor circuits shall be rated for not less than 140% of the capacitor’s
nominal current, to allow for overvoltage operation, harmonic currents, and manufacturing tolerances.

All switchgear used for capacitor switching shall be specifically rated for capacitor-switching duty,
including inrush current, transient recovery voltage, and restrike performance.

Capacitor banks shall be provided with both overcurrent and short-circuit protection, appropriate to the
capacitor construction and duty.

Where capacitor banks are connected in parallel, each bank shall be provided with separate overcurrent
and short-circuit protection to prevent back-feed faults and to ensure selective isolation.

High Voltage capacitor banks connected parallel shall be protected as shown in Fig 4.4.

A--d--d s

1. Capacitor Bank

2. Capacitor Switch

3, 4 Overcurrent Protection
5, 6 Unbalance Protection

Ao A

Figure 4.4 Capacitor Bank Protection
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4.11

4.12

Incoming Low Voltage Electricity Supply for Small Treatment
Plants

For small treatment plants, the designer shall refer to Design Standard DS22 clause 6 for requirements
related to main switches and service protective devices (SPDs), low voltage feeders, transformer
overcurrent protection settings, supply authority metering, generator supply, and solar inverter supply.

Furthermore, the Designer shall reference Design Standard DS22 regarding voltage flicker, harmonic
analysis and power factor correction as appropriate.

The incoming switchboard and power distribution switchboards throughout the site shall comply with
the requirements of Design Standard DS22 and the Technology Licence Agreement described in Design
Standard DS20.

Note: Radial feed systems shall be used in small, non-critical treatment plant facilities where simplicity
and cost-effectiveness are considered primary objectives.

Power Supply Quality Monitoring

The power supply quality monitoring requirements for all types (small, medium and major) of
treatment plants are:

a) Power supply quality measuring equipment shall be installed on each main incoming supply for
all treatment plant sites. The measuring equipment shall provide data as listed in the following
table, with the specific requirements dependent on the size of the treatment plant.

Data Required Small < Medium Major
315kVA >315kVA, (>2MVA)
<2MVA
Current each Phase v v v
Voltages Phase to Neutral v v v
Voltages Phase-to-Phase v v
Real Power v v v
Reactive Power v v v
Power Factor v v
Frequency v v v
Total Voltage Harmonic Distortion (%) v v v
Total Current Harmonic Distortion (%) v v v
Individual Harmonic Currents (A) v v
Event Recordings * v
Disturbance Recordings * v

* The Designer shall determine requirements in consultation with representatives of the Region/
Alliance that will be responsible for operating the asset.

Note 1: All instantaneous signals (i.e. not event and disturbance recordings) shall be displayed on
‘ViewX " and stored in PI.

Table 4.2 Power Supply Monitoring Requirements
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b) As the Supply Authority will not permit customer access to its metering current and voltage
transformers for the purpose of power quality monitoring by the customer, a separate High
Voltage metering unit shall be installed to provide the primary signals to the power quality
monitoring equipment.

¢) Consideration shall be made as to whether signals from the Supply Authority’s meters, via
Modbus, could be utilised in lieu of the separate HV metering unit for HV sites and quality
metering equipment for LV sites.

Note 2: Bores associated with water treatment plants shall align their power quality requirements with
this table.

Uncontrolled if Printed Page 43 of 84

Ver 2 Rev 0
© Copyright Water Corporation 2026



Design Standard No. DS 28

OYWATER

Treatment Plants - Electrical

5
5.1

5.2

5.3

5.4

3.5

5.6

3.7

5.8

SWITCHBOARDS
High Voltage Switchboards

High Voltage switchboards shall be designed and specified in accordance with the requirements of
Section 9 of Design Standard DS21.

In addition, gas-insulated (SFs) metal-enclosed switchgear intended for voltages exceeding 52 kV (such
as 66 kV and 132 kV) shall conform to IEC 62271-203. This standard covers design and construction
requirements, dielectric and partial-discharge performance, type and routine testing, internal arc
classification, gas compartmentalisation, pressure relief and gas-monitoring systems, mechanical and
electrical interlocking, and gas-handling provisions including leakage-rate limits.

Low Voltage Switchboards Rated > 440 amps

Low Voltage switchboards rated >440 amps shall be designed and specified in accordance with Section
9 of Design Standard DS21 and the Type Specification DS26-17.

Low Voltage Switchboards Rated < 440 amps

Low Voltage switchboards rated < 440 amps shall be designed and specified in accordance with Section
8 of Design Standard DS22.

In addition, if such switchboards are of the motor control centre type (for indoor use only), these shall
be specified in accordance with Design Standard DS 26-17.

Low Voltage Switchboard Form of Separation

Low Voltage switchboards rated <440 amps shall have a minimum form of separation of Form 1 in
accordance with Type Specifications DS26-10 and DS26-11.

Low Voltage switchboards rated > 440 amps shall have a minimum form of separation of Form 4a or
4b in accordance with Type Specification DS26-17.

Sectionalising Motor Control Switchboards

Section 3.5 of Design Standard DS21 provides a detailed discussion of the benefits and limitations
associated with sectionalising motor control switchboards.

Motor Control Switchboard Incoming Feeder Isolators

Incoming feeder isolators on motor control switchboards shall comply with the requirements specified
in Section 3.6 of Design Standard DS21.

Switchboard Isolation, Earthing and Interlocking

Switchboard isolation, earthing, and interlocking provisions shall conform to the requirements
outlined in Section 3.7 of Design Standard DS21.

Switchboard Control

Each motor control centre switchboard shall be provided with a switchboard controlling system housed
in a separate Plant Area Control Cubicle and connected to the treatment plant overall control system as
defined in the Appendix A2.

Uncontrolled if Printed Page 44 of 84

Ver 2 Rev 0

© Copyright Water Corporation 2026



Design Standard No. DS 28

OYWATER

Treatment Plants - Electrical

5.9

5.10

Power Monitoring

All high voltage switchboards and all low voltage switchboards rated > 220A shall be fitted with
incoming power measuring equipment monitoring current per phase, voltages phase to neutral, real
power, reactive power, total voltage harmonic distortion and total current harmonic distortion.

For low voltage switchboards rated < 220A, the Designer shall determine requirements for power
monitoring in consultation with representatives of the Region/Alliance that will be responsible for
operating the asset. Consideration shall be given to the Region’s/Alliance’s potential requirement for
monitoring of individual circuits or groups of circuits in proprietary distribution boards.

Note: All power monitoring signals shall be displayed on ViewX and stored in PI.

Vendor Equipment Packages

The term “Vendor Equipment Package” describes equipment that is usually built from standard designs
but customised or put together based on particular orders. The Designer, who specifies what is needed,
generally impacts both which equipment is chosen and how it should perform. Therefore, the Designer
must do their utmost to ensure that these choices and performance standards match this standard’s
requirements or guiding principles.

Power equipment shall comply with the performance requirements of the Corporation’s Design
Standards listed in section 1 of this standard. Furthermore, switchboard requirements for vendor
equipment shall comply with the requirements of Design Standard DS20 section 3.11. Switchboards
supplying loads greater than 50 amps load demand shall comply with the requirements of clause 5 of
this standard.

Representative examples of vendor equipment packages include filters, chlorinators, chemical batching
and dosing plants, aeration blowers, gas flares, and modular package plants.
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6

TRANSFORMERS

6.1 Transformer Specifications
The specifications for power transformers of all ratings shall be in accordance with the requirements of
Section 7 of Design Standard DS21 and DS26 Type Specifications (Typically DS26-02, 13, 16, 28, 29,
42).
In instances where a Type Specification is unavailable for a given project, the designer shall adhere to
the principles, intent and objectives outlined in this Design Standard and the Type Specifications.

6.2 Transformer Protection
The protection for transformers shall be designed and specified in accordance with Section 7 of Design
Standard DS21.

6.3 Transformer Tender Analysis
Tender analysis for power transformers of all ratings shall be carried out in accordance with the
requirements of Section 8 of Design Standard DS21.
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7
7.1

7.2

7.3

7.4

7.5

MOTOR STARTERS

General

Motor starters shall adhere to the applicable requirements outlined in Design Standard DS21 and
Design Standard DS22, as well as the relevant Type Specifications specified in DS26.

In instances where a Type Specification is unavailable for a given project, the designer shall adhere to
the principles, intent and objectives outlined in this Design Standard and the Type Specifications.

Motor Starters Rated > 150 kW

The design of motor starters rated >150 kW shall be in accordance with the requirements of Section 4
of Design Standard DS21.

Motor Starters Rated <150 kW

The design of motor starters rated < 150 kW shall be in accordance with the requirements of Section 7
of Design Standard DS22.

Motor Starters Power Monitoring

All motor starters for drives rated > 30kW shall be fitted with power measuring equipment monitoring
current per phase, voltages phase to neutral, real power and reactive power.

Note: All power monitoring signals shall be displayed on ‘ViewX’ and stored in PI.

Motor Starters Protection

The protection for motor starters shall be designed and specified in accordance with Design Standard
Design Standard DS21 (> 150 kW) or Design Standard DS22 (< 150 kW) and the relevant Type
Specification.
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8

8.1

8.2

8.3

8.4

8.5

8.6

VARIABLE SPEED CONTROLLERS

General

Variable speed controllers shall adhere to the applicable requirements outlined in Design Standard DS21
and Design Standard DS22 as well as the relevant Type Specifications specified in DS26.

In instances where a Type Specification is unavailable for a given project, the designer shall adhere to
the principles, intent and objectives outlined in this Design Standard and the Type Specifications.

Variable Speed Controllers Rated > 150 kW

The design of variable speed controllers rated >150 kW shall be in accordance with the requirements of
Section 4 of Design Standard DS21.

Variable Speed Controllers Rated < 150 kW

The design of variable speed controllers rated < 150 kW shall be in accordance with the requirements
of Section 7 of Design Standard DS22.

Variable Speed Controllers Power Monitoring

All variable speed controllers for drives rated > 30kW shall be fitted with power measuring equipment
monitoring current per phase, voltages phase to neutral, real power, reactive power and frequency.

Note: All power monitoring signals shall be displayed on ViewX’ and stored in PI.

Variable Speed Controllers Protection

The protection for variable speed controllers shall be designed and specified in accordance with Design
Standard DS21 (> 150 kW) or Design Standard DS22 (< 150 kW) and the relevant Type Specification.

Variable Speed Controller Tender Analysis

Variable Speed Controllers (VSCs), similar to motors and transformers, exhibit notable efficiency
metrics and energy loss factors that should be taken into account during tender analysis, rather than
focusing solely on capital expenditure.

The analysis of tenders for variable speed controllers with ratings exceeding 150 kW shall be conducted
in accordance with the procedures outlined in Section 6, Motor Tender Analysis, of Design Standard
DS21.

The cost analysis and clause-by-clause compliance procedures outlined in Sections 6.1 and 6.3 for
motors shall also be applied to the evaluation of variable speed controller tenders. For the comparison
of these tenders, the losses-based AAC formula specified in Section 6.1.3 of Design Standard DS21
shall be utilised. Where feasible, the relevant AAC formula should be incorporated into the Tender
Documentation.
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9.2

9.3

9.4
9.4.1

9.4.2

9.4.3

9.5

MOTORS

General

Motors shall adhere to the applicable requirements outlined in Design Standard DS21 and Design
Standard DS22, as well as the relevant Type Specifications specified in DS26.

In instances where a Type Specification is unavailable for a given project, the designer shall adhere to
the principles, intent and objectives outlined in this Design Standard and the Type Specifications.

Specifications for Motors Rated >150 kW

The specifications for motors rated >150 kW shall be in accordance with the motor performance
requirements of Section 5 of Design Standard DS21.

Specifications for Motors Rated < 150 kW

The specifications for motors rated < 150 kW shall be in accordance with the motor performance
requirements of Section 4 of Design Standard DS22.

Motor Protection

General

Motor protection shall adhere to the requirements stipulated in Design Standards DS21 and/or Design
Standard DS22 as appropriate.

Motor Protection for Motors Rated > 150 kW

The protection for motors rated > 150 kW shall be designed and specified in accordance with Sections
5 and 9 of Design Standard DS21.

Motor Protection for Motors Rated < 150 kW

The protection for motors rated < 150 kW shall be designed and specified in accordance with Sections
4,7 and 8 inclusive of Design Standard DS22.

Motor Tender Analysis

Tender analysis for motors rated above 150 kW shall be conducted in accordance with the provisions
outlined in Section 6 of Design Standard DS21.
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10
10.1

10.2

Active Filters

General

Generally Active Filters will be deployed within Type 2 or Type3 treatment plants, however, rarely,
they may be deployed within Type 1 treatment plants where the Designer deems appropriate.

Active filters shall form part of the plant’s overall power quality management strategy and shall be
integrated with passive filters, transformer sizing, earthing, and protection systems to ensure reliable
and continuous operation of all treatment processes.

Active Filters shall adhere to the applicable requirements outlined in section 14 of Design Standard
DS21 as well as the relevant Type Specifications specified in DS26-34 (High Voltage) and DS26-35
(Low Voltage).

In instances where a Type Specification is unavailable for a given project, the designer shall adhere to
the principles, intent and objectives outlined in this Design Standard and the Type Specifications.

Selection and Installation Requirements

The selection, sizing, and installation of active filters shall comply with AS/NZS 61000 series
requirements, the manufacturer’s certified installation guidelines and all applicable electrical DS20
series Design Standards.

10.2.1  Selection Requirements
Active filters shall be selected based on a detailed harmonic analysis and shall meet the following
criteria:
a) Capacity and Rating
The filter shall be sized to mitigate harmonic currents, voltage distortion, and reactive power
requirements under all normal and credible abnormal operating conditions. The selected rating
shall allow for future load growth and diversity of non-linear loads.
b) Compatibility with Plant Electrical Systems
The filter shall be compatible with the plant’s LV or MV distribution system, including VSDs,
soft starters, UPS systems, instrumentation, and generator-supported networks.
¢) Performance Requirements
The filter shall be capable of reducing total harmonic distortion (THD) to levels compliant with
AS/NZS 61000.3 and network operator limits. It shall provide dynamic compensation for
varying load profiles without introducing resonance or instability.
d) Environmental and Duty Considerations
The filter shall be suitable for the environmental conditions of the installation location, including
temperature, humidity, dust, vibration, and corrosive atmospheres typical of water treatment
facilities.
e) Integration with Protection and Control Systems
The filter shall interface with existing switchboard protection, SCADA, and monitoring systems,
providing alarms, status indications, and fault reporting as required.
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10.2.2  Installation Requirements

Active filters shall be installed in accordance with the following requirements:

a)

b)

c)

d)

Location and Accessibility

Filters shall be installed within switchrooms or dedicated enclosures that provide adequate
ventilation, access for maintenance, and compliance with AS/NZS 3000 and AS 2067 (where
applicable).

Cable Routing and Connections

Power and control cabling shall be routed to minimise electromagnetic interference and shall
comply with segregation requirements as required by clause 10.7 of Design Standard DS22.

Ventilation and Thermal Management

Adequate ventilation or forced cooling shall be provided to maintain the filter within its rated
operating temperature range. Heat dissipation requirements shall be incorporated into
switchroom HVAC design.

Protection Coordination

Circuit protection devices shall be coordinated to ensure safe operation of the filter under
fault, overload conditions.

Commissioning and Verification

The installation shall undergo commissioning tests, including harmonic measurements,
functional testing, and verification of communication interfaces. Post-installation THDV
levels shall be demonstrated to meet the design requirements.
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Switchrooms for Type 2 and Type 3 Treatment plants

Switchrooms, both incoming and distribution, shall be purpose-built rooms designed and constructed in
accordance with the requirements of AS 2067 and the requirements specified in section 15 of Design
Standard DS21. Switchrooms shall be located within a suitable building specifically intended for the
housing of high-voltage (HV) and low-voltage (LV) switchboards, associated protection equipment,
control systems, and auxiliary services.

The design of the incoming supply arrangement within each switchroom shall comply with all applicable
Network Operator requirements, relevant network technical rules, and the statutory obligations of
Energy Safety. This includes, but is not limited to:

a) Compliance with approved service and metering arrangements.
b) Provision of appropriate isolation, protection, and earthing systems.
¢) Adherence to clearances, access, and safety requirements for HV and LV equipment.

d) Integration of all incoming supply components with the overall plant protection, earthing,
and power quality strategy.

Switchrooms shall be designed to ensure safe operation, ease of maintenance, ease of ingress and egress,
and reliable long-term performance of all dectrical infrastructure. Environmental conditions, fire safety,
ventilation, cable routing, and personnel and emergency access shall be addressed in accordance with
the aforementioned standards.
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12
12.1

EMERGENCY STOP and MOTOR ISOLATION

Emergency Stop Requirements

12.1.1  Standards Alignment
Emergency stop requirements based on AS 4024.1604 and IEC 60204-1govern the design and operation
of emergency stop systems for machinery and industrial equipment.
Although AS/NZS 3000:2018 (Wiring Rules) does not prescribe the specifics of emergency stop design,
it mandates safe electrical installation practices that include:
a) Safe isolation of electrical equipment during an emergency and before maintenance or
inspection.
b) Prevention of unintended restart following power restoration.
c) Clear visibility and accessibility of control devices.
All isolation and restart prevention measures described herein shall comply fully with AS/NZS
3000:2018, specifically clauses 2.3.5 and 4.13.1.1 (b), ensuring alignment across both electrical
installation and machinery safety disciplines.
12.1.2  General Requirements
Emergency stop devices shall be manually actuated, fail-safe, and override all other functions to avert
or reduce hazards. They must be prominently located at each operator station and require a single human
action to initiate.
12.1.3  Device Design
Emergency stop actuators shall be red with a yellow background, mechanically latched in the OFF
position, and require manual reset before restart. Control circuits shall employ devices to detect faults
and prevent inadvertent operation. Resetting an emergency stop shall not automatically reapply power
or restart the machinery.
Emergency stop devices shall:
a) be latched under mechanical initiation,
b) be latched under mechanical initiation,
c) be lockable in the initiated (latched) condition only (Refer Appendix B),
d) be located as close as practicable to the equipment they are de-energizing,
e) be clearly marked,
f) not re-energise equipment during unlatch and,
g) generate an alarm on the SCADA system when activated.
12.1.4  Stop Categories, Risk Assessment and Documentation
Emergency stop design shall be determined by a risk assessment that is captured in the Safety in Design
(SiD) report and that considers:
a) The necessity of installing emergency stop devices.
b) Types of emergency stop devices.
c) The necessity of safety relays for equipment that requires controlled stopping.
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12.1.5

12.2

12.3

d) Location of emergency stop devices, as to minimise the damage to persons, machinery or
work in progress.

e) Number of emergency stop devices required per piece or groups of equipment.
f) Consequence of activating emergency stop devices.

Furthermore, a risk assessment shall be conducted for all major projects during the design phase to
determine whether Category 0 or Category 1 (refer AS 4024.1604, IEC 60204-1) emergency stop
functionality is most appropriate based on stopping performance and hazard reduction goals.

Stop categories shall be selected in accordance with this risk assessment:
1. Category 0: Immediate power removal (uncontrolled stop).
2. Category 1: Controlled stop followed by power removal.

Note: Category 1 is not normal and should only be considered in special situations and with the approval
of the Principal Engineer.

Full documentation, including risk assessment reports, design records, validation tests, and discussions
shall be maintained for all emergency stop systems.

Lock-Out/Tag-Out (LOTO) and Emergency-Stop Locking

Emergency-stop actuators shall never be locked in the uninitiated position or inhibited during normal
operation, as this would defeat their primary safety function.

When equipment requires maintenance or inspection following an E-stop activation, isolation of all
energy sources shall be achieved through a formal Lock-Out/Tag-Out procedure.

The LOTO process shall include:
a) be latched under mechanical initiation,
b) Isolate all relevant energy sources at the primary disconnect or motor starter.
c) Attach a padlock and “Do Not Operate — Under Maintenance” tag to each isolation point.
d) Provide an alternate emergency stop means if personnel remain in or around the hazard zone.

e) Ensure only a qualified supervisor may remove locks and tags after verifying that all work
is complete and the area is safe.

Note 1: Emergency stops are safety-critical and must remain free of padlocks or disabling mechanisms
during normal operation.

Note 2: Refer to the discussion on the locking of emergency stops in Appendix B.

Reference shall be made to Appendix D for the emergency stop compliance list, standards comparison
table and flow chart for LOTO.

Motor Isolation

Motor isolation facilities for maintenance purposes shall be provided in accordance with the
requirements of AS3000:2018 (refer clause 4.13 and 2.3.6).

Local Stop/Start Control

Local stop/start control stations shall be located adjacent to each motor unless determined otherwise by
the Asset Manager.
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13
13.1

13.2

13.3

13.4

13.5

ELECTRICAL EARTHING AND BONDING
Type 1 Plant Earthing Connections

Earthing connections for small (Type 1) treatment plants shall be designed and specified in compliance
with Section 9 of Design Standard DS 22, with the clarification that "pump station" within this section
refers to the 'treatment plant'.

The earthing connections to the general mass of earth must be designed to ensure that, even under the
most adverse climatic conditions and independent of any connection to the Supply Authority’s earth
system, touch and step voltages remain within the limits specified by AS2067 and Design Standard
DS23.

Type 2 & Type 3 Plant Earthing Connections

Earthing connections for medium (Type 2) and major (Type3) treatment plants shall be designed and
specified in accordance with Section 11 of Design Standard DS 21 with the proviso that the meaning of
the term "pump station" in the figures shall be taken to include all individual sections of the treatment
plant which are supplied by a separate transformer. The earthing and bonding of cathodically protected
pipelines shall be as shown in Section 11 of Design Standard DS 21.

The design of the earthing connections to the general mass of earth shall be such that, under the worst-
case climatic conditions and without reliance on connection to the Supply Authority earth system, the
touch and step voltages do not exceed the limits determined by the application of AS2067 and Design
Standard DS23.

Interconnection of Power and Light Current Earthing Systems

Within each switchboard earth bars separate from the power system protective earth bar shall be
provided for instrumentation/communication systems and for intrinsically safe systems (if these light
current systems exist within the particular switchboard).

Generally, all such earth bars shall be bonded together and connected to the main earth system. However,
if special conditions exist requiring a separate instrumentation/communication earthing system, the
instrumentation/ communication system shall be connected to the main power protective earth system
via transient earth clamps with a rated DC 100 V /sec spark over voltage of 150 V +/- 20% and a 1 kV
/usec surge spark over voltage of <800 volts.

Site Wide Earthing Interconnection

All transformer earthing systems within a treatment plant having a High Voltage distribution system
shall be bonded together using 35 mm? (minimum) copper conductor PVC insulated cable (green with
yellow stripe).

Earth Bonding of Pipework, Metalwork and Structures

Metal pipework, metalwork and structural metal shall be earthed generally as described in Section 11 of
Design Standard DS21 and section 9 of Design Standard DS22.

Uncontrolled if Printed Page 55 of 84

Ver 2 Rev 0

© Copyright Water Corporation 2026



Design Standard No. DS 28

OYWATER

Treatment Plants - Electrical

14 LIGHTNING PROTECTION of BUILDINGS and
STRUCTURES

Lightning protection shall be provided for all buildings, process structures, and associated infrastructure
within the treatment plant to ensure the safety of personnel, the protection of critical equipment, and the
preservation of structural integrity. The lightning protection system shall be designed, installed, and
maintained in full compliance with Design Standard DS27, AS/NZS 1768, and relevant IEC standards.
Designers are required to consult and adhere to the provisions outlined in Design Standard DS27
throughout the development of lightning protection systems.

The lightning protection system shall:

a)

b)

Protect Personnel

Provide a safe working environment by minimising the risk of electric shock, step and touch
potentials, and other hazards arising from lightning activity. All conductive structures, walkways,
handrails, and equipment accessible to personnel shall be bonded and earthed to prevent
dangerous potential differences during lightning events.

Protect Electrical and Mechanical Equipment

Prevent damage to essential plant assets, including but not limited to pumps, motors,
switchboards, instrumentation, SCADA systems, communication networks, and chemical dosing
equipment. Surge protection devices shall be installed on all incoming power, control, and
communication circuits to limit transient overvoltages and prevent propagation of
lightning-induced surges throughout the facility.

Protect Buildings and Process Structures

Safeguard all above-ground structures, including treatment buildings, reservoirs, tanks, pipe
galleries, access platforms, and elevated metallic components, from direct lightning strikes and
associated thermal, mechanical, and electrical effects. Air terminals, down conductors, and
carthing systems shall be configured to provide a continuous, low-impedance path to earth and to
maintain the structural integrity and operational reliability of the facility.

The overall lightning protection system shall be integrated with the site earthing and bonding
network to ensure equipotential conditions across the plant. The design shall prioritise personnel
safety, continuity of operations, reduction of outage risk, and long-term resilience of the treatment
facility.
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15
15.1

15.2

15.3

15.4

POWER and CONTROL CABLES
Cable Types

Power and control cables shall be specified in accordance with the Section 13 of Design Standard DS21
and Section 10 of Design Standard DS22.

Cables for variable speed controllers shall be specified in accordance with the clause 13.1 of Design
Standard DS21 and clause 10.1 and 10.2 of Design Standard DS22.

Cables to active filters shall be specified in accordance with clause 13.2.3 of Design Standard DS21.

High Voltage distribution cables shall be as specified for incoming cables to transformers in Section 13
of Design Standard DS21.

Low Voltage cables running between switchboards shall be PVC or XLPE insulated, PVC sheathed and
shall be nylon sheathed, PVC sheathed overall if run underground.

Cables not covered by the above shall be the type best suited for the particular purpose in accordance
with industry best practice.

Cables traversing or installed within hazardous areas shall be specified in accordance with HA-ST-03:
EEHA Selection and Installation Manual.

Cable Ratings

Power cable continuous, intermittent and fault ratings shall be calculated in accordance with the Section
13 of Design Standard DS21 and Section 10 of Design Standard DS22 with cable systems designed
accordingly.

Power cables shall be selected, rated, and installed to ensure safe and reliable operation under all
expected loading conditions, including continuous duty, intermittent/cyclic loading, and short-circuit
fault conditions. Cable ratings shall comply with AS/NZS 3008, AS/NZS 5000 series, and all relevant
network operator requirements.

Cables supplying non-linear loads, such as variable speed drives (VSDs), uninterruptible power supply
(UPS) systems, and inverter-based equipment, must be appropriately derated to address increased
conductor heating resulting from harmonic currents. For circuits serving non-linear loads, cable
selection shall include derating for elevated RMS current attributable to harmonic components, as well
as consideration of skin and proximity effects at harmonic frequencies. Additionally, neutral conductor
sizing must account for circuits with significant triplen harmonics to ensure safe and reliable
operation.

All power cables shall be rated to withstand the maximum prospective short-circuit current (both 3 phase
and earth fault) for the required fault duration at the relevant point of installation.

Minimum Separation of Power and Control Cables

Minimum separation of power and control cables shall be specified in accordance with clause 10.7 of
Design Standard DS22.

High Voltage Cable Terminations

High Voltage cable terminations shall be specified in accordance with the clause 13.5 of Design
Standard DS21 and clause 10.5 of Design Standard DS22.
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16 CABLE INSTALLATION METHODS
16.1 High Voltage Distribution Cables

High Voltage distribution system cables running between various sections of the treatment plant:

a)
b)

c)
d)
e)
f)

Shall have a fault rating in accordance with WA Electrical Requirements,

Shall be rated in accordance with the manufacturer's recommendations and, if run
underground, with the measured thermal resistivity of the backfill soil type,

Shall be laid in trefoil formation,

Shall be protected from rodent and termite damage,

Shall be protected from mechanical damage including vibration damage,

Shall be buried directly, protected by polymeric cable cover strip in accordance with AS3000;

e Run in enclosed cable ducts on cable ladders separate from cable ladders
carrying other cables, or

e Run within buildings on cable ladders separate from cable ladders carrying
other cables.

In respect to item (b) above, in the absence of soil resistivity measurements, it can be taken that well
drained sand has a thermal resistivity of 2.5°C.m/W and that bricklayers' sand has a thermal resistivity
of 1.2°C.m/W.

The routes of all buried High Voltage cables shall be marked with approved above ground markers as
per the requirements of Design Standard DS21 clause 13.8.

16.2 High Voltage Drive Cables

High Voltage cables associated directly with drives:

a)

b)

c)
d)

Shall be run either in non-metallic conduits, or on cable ladders of either stainless steel if run
in chemical dosing or mixing areas or of aluminium if run in general areas,

Shall be protected from sun, rodent and termite damage,
Shall be protected from mechanical damage including vibration damage, and

Shall be laid with cores clamped in trefoil formation where run on cable ladders.

16.3 Low Voltage Distribution Cables

Low Voltage distribution system cables running between switchboards in various sections of the
treatment plant:

a)
b)

c)
d)
e)
f)
g)

Shall be run in non-metallic conduits if run underground,

Shall be run on shaded stainless steel cable ladder if run above ground in chemical dosing or
mixing areas,

Shall be run on shaded aluminium cable ladder if run above ground in general areas,

Shall be protected from rodent and termite damage,

Shall be laid in trefoil formation where run on cable ladders if single core, and

Shall be rated in accordance with the measured thermal resistivity of the backfill soil type.

Shall when traversing or installed within hazardous areas be in accordance with HA-ST-03:
EEHA Selection and Installation Manual.
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16.4

16.5

16.6

In respect to item (e) above, in the absence of soil resistivity measurements, it can be taken that well
drained sand has a thermal resistivity of 2.5°C.m/W and that bricklayers' sand has a thermal resistivity
of 1.2°C.m/W.

Other Cables

Cables other than distribution cables and High Voltage drive cables shall be installed in the manner best
suited for the particular purpose in accordance with industry best practice and the requirements of
Design Standards DS21 and DS22.

Cable Trays and Ladders

There is no current restriction in the use of non-metallic (e.g. PVC) based cable tray/ladder systems
provided that the non-metallic based system is fit for purpose appropriate to the project and
environmental conditions under consideration. Hence, whether non-metallic based cable trays systems
are used at a site will be determined by the designer of the particular project.

Such non-metallic tray/ladder systems shall be non-flammable, UV stabilised suitable for outdoor use,
minimum service temperature performance of -20 to 60 degrees Celsius and verification tested by a third
party to IEC (BS EN) 61537.

Benefits to consider are:
a) Increased electrical safety due to double insulation.
b) No requirement for tray/ladder earthing

¢) Reduced installation costs. (No earthing cables, snap-on accessories, lack of sharp edges, ease
of handling).

d) Reduced maintenance costs (no corrosion and no earthing system to maintain).

Other Cable Related Design Requirements

Other requirements relating to cables, positioning, shielding etc shall be specified in accordance with
the Section 13 of Design Standard DS21 and Section 10 of Design Standard DS22 as appropriate.
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17

17.1
17.1.1

17.1.2

BUILDING SERVICES
Internal Lighting

General Requirements

Internal lighting for all treatment plant buildings, process areas, and ancillary rooms shall be designed
in accordance with the requirements of AS/NZS 1680 Interior Lighting and its relevant sub-parts.

The minimum maintained illuminance levels, uniformity ratios, glare limits, and other performance
characteristics shall comply with the recommendations of AS/NZS 1680.2.4, Table E1, Item 43 —
Petroleum, Chemical and Petrochemical Works, as this category most closely reflects the visual tasks,
hazards, and operational conditions present within water and wastewater treatment facilities.

Lighting design shall also:

a) Provide appropriate colour rendering and colour temperature to support accurate visual
inspection of equipment, instruments, and process conditions.

b) Ensure glare control, luminaire placement, and maintenance factors are suitable for
industrial environments with elevated humidity, chemical exposure, and airborne
particulates.

c) Integrate with emergency and exit lighting systems designed in accordance with AS/NZS
2293.

d) Consider access, maintainability, and safe working conditions for operational and
maintenance personnel.

Lighting illumination levels (lux) and minimum uniformity (Uo) shall be in accordance with the
recommendations in Appendix E

All luminaires installed within treatment plant facilities shall be LED-based, industrial-grade fittings
designed for high reliability, low flicker, and long service life. Luminaires shall be selected for suitability
to the environmental conditions of each space, including humidity, chemical exposure, dust, vibration,
and temperature. Minimum ingress protection ratings shall be applied in accordance with the
environmental classification of each area.

Luminaires shall be installed to provide uniform, glare-controlled illumination that complies with the
relevant requirements of AS/NZS 1680 and AS/NZS 2293. Mounting arrangements shall allow safe
access for maintenance and shall avoid creating obstructions or shadowing.

Process Areas, Plant Rooms, Galleries, Switchrooms and Similar Spaces

Industrial IP65 or higher LED luminaires shall be used in all process and plant areas. Luminaires may
be surface-mounted, suspended, or installed on cable tray or support rails where this facilitates
maintenance and cable management. High-bay LED luminaires may be used where ceiling height and
building configuration permit, provided that safe access for maintenance is ensured.

Lighting in areas containing rotating machinery shall be designed to minimise stroboscopic hazards.
Luminaires shall be equipped with low-flicker electronic drivers, and lighting circuits shall be arranged
to provide uniform illumination across all phases or supplies.

Where required, additional task lighting shall be provided to ensure adequate illumination of equipment,
workstations, and operational interfaces.
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17.1.3

17.1.4

17.2

17.3

Switchboards, Control Panels and Electrical Equipment

Switchboard rooms and control panel areas shall be illuminated to avoid shadows on instruments,
pushbuttons, switches, and indicators. Where necessary, supplementary task lighting shall be provided
to ensure clear visibility during operation and maintenance.

For large switchboards or deep cubicles, internal LED task lighting shall be installed to provide adequate
illumination when doors are open. Internal lighting shall be interlocked or switched to prevent
inadvertent operation.

Administration Buildings, Offices and Control Rooms

Administrative areas, offices, and control rooms shall be illuminated using low-glare LED luminaires
appropriate to the visual tasks performed. Recessed or suspended luminaires shall be used where
practical to achieve a clean, functional, and aesthetically appropriate installation. Lighting design shall
comply with the relevant requirements of AS/NZS 1680, including UGR limits, colour rendering, and
illuminance levels.

Emergency Lighting

Emergency lighting shall be provided to ensure safe movement and to illuminate hazards within all
buildings and operational areas in the event of loss of normal supply. Emergency lighting shall be
installed in all areas where plant operation, chemical handling, or electrical switching activities occur,
including rotating machinery spaces, chemical storage and dosing areas, switchrooms, control rooms,
and other high-risk zones.

Illuminated exit signs shall be provided in accordance with the Building Code of Australia and shall be
installed only in areas intended for regular occupation or where designated egress paths exist, including
administration buildings, offices, control rooms, workshops, and laboratories.

All emergency and exit lighting shall comply with AS/NZS 2293.1. Emergency luminaires shall provide
a minimum in-service operating duration of 90 minutes following loss of normal supply, or longer where
required by AS/NZS 2293.1 or other applicable codes. Luminaires shall be LED-based and suitable for
the environmental conditions of the installation, including ingress protection, corrosion resistance, and
impact resistance.

Emergency lighting systems shall incorporate manually initiated discharge testing facilities or an
approved automatic test and monitoring system in accordance with AS/NZS 2293.2.

Exterior Lighting

[llumination shall be provided for process areas, valve and meter pits, substations, walkways, roadways,
doorways and general access areas within the treatment plant boundaries. Special attention shall be paid
to illumination of trip and fall hazards, open tanks, trenches, pits and the like.

Outdoor substations shall be illuminated to a level appropriate to the operational risk and complexity of
the installation. As a general rule, standard outdoor HV yards in the 11-33 kV range shall be designed
to Category P4, as this provides sufficient visibility for switching operations, equipment identification,
and safe movement around high-voltage apparatus. Smaller padmount or kiosk-style substations with
minimal night-time access may be illuminated to Category P5, provided that operational risk is low and
no complex switching is expected after dark. Larger (> 33 kV) or higher-risk substations, including
those with extensive switching equipment, cable trenches, elevated platforms, or significant trip hazards,
shall be designed to Category P3 to ensure adequate visibility for safe operation and maintenance. Where
stairs, platforms, or other hazards are present, the higher category shall take precedence.

Exterior lighting within treatment plants shall be designed in accordance with AS/NZS 1158.3.1
Lighting for Roads and Public Spaces — Pedestrian Area (Category P) Lighting, using the following
minimum lighting categories:
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17.4.1

17.4.2

a) Entrance roads and internal roadways: Category P4

b) Areas requiring night-time maintenance or operational tasks: Category P4 or P35, selected
based on task risk and operational requirements

¢) General plant exterior areas: Category P6

d) Steps, stairways, ramps, footbridges, and areas with trip or fall hazards: Category P3 or P4,
depending on hazard severity

e) Footpaths and walkways: Category P3

Luminaires shall be LED type and shall provide appropriate optical control, uniformity, and glare
limitation in accordance with AS/NZS 1158.3.1. Luminaires shall be suitable for corrosive and
high-humidity environments typical of treatment plants. High-pressure sodium lamps shall not be used
for new installations.

Where practical, exterior luminaires should be installed on walls or other structures. The number of
lighting poles within the treatment plant is to be minimised in order to reduce obstructions to vehicle
movements. All lighting poles exceeding 3 metres in height must include mechanisms that allow for the
raising and lowering of the column for lamp maintenance without requiring specialised equipment.

To mitigate potential damage to external luminaires due to vandalism, suitable luminaire types shall be
selected or protective guards fitted as appropriate.

All exterior doorway lighting on each building shall be controlled by a switch located on the outside of
the building adjacent to the main personnel access door.

Exterior lighting shall be designed for minimal environmental impact and to contain light within the site
boundaries.

Control of Exterior Lighting

General

Roadway lighting shall be controlled by an automatic daylight (photocell) switch with provision for
manual override. Other exterior lighting shall be controlled by a photocell in combination with local
‘Off/Auto/On’ control switches. Manual override facilities shall be clearly labelled and located to allow
safe maintenance access.

For small to medium treatment plants, exterior lighting control equipment shall be located within the
administration building or main control room.

For major plants, consideration by the Designer shall be given to providing individual control and
monitoring of each exterior lighting zone from a central location (e.g. DALI), such as the SCADA
system or a dedicated lighting control panel.

Where required for safety or security, automatic activation of exterior lighting shall be provided when
vehicles approach the site entrance. This may be achieved through gate sensors, motion detectors, or
integration with the site security system. The Designer shall confirm with the Corporation whether this
requirement applies to the project.

All exterior lighting control devices, including photocells, sensors, and switches, shall be suitable for
outdoor industrial environments and shall have appropriate ingress protection and corrosion resistance.

Digital Lighting Control (DALI) for Major Treatment Plants

Plant lighting systems increasingly use the Digital Addressable Lighting Interface (DALI) as the
standard method for controlling and monitoring LED luminaires. DALI is an internationally recognised
protocol (IEC 62386 and adopted by AS/NZS 62386.101-304) that enables individual luminaires to be
addressed, switched, dimmed, grouped, and monitored over a simple two-wire control network. It
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provides significant operational advantages over traditional switched circuits, including real-time fault
reporting, automated emergency lighting testing, and integration with SCADA systems.

DALI-based emergency lighting systems (DALI-EM) allow automatic function and duration testing,
centralised logging of results, and immediate identification of failed luminaires or batteries. DALI-2,
the current generation of the protocol, provides improved interoperability, enhanced device types
(including sensors and switches), and more robust commissioning and diagnostic capabilities.

For treatment plants, DALI offers improved reliability, reduced maintenance effort, and enhanced
visibility of lighting system performance, particularly in critical areas such as switchrooms, control
rooms, workshops, and large process buildings.

174.3 DALI Requirements

Where lighting control or monitoring is required beyond simple switching, luminaires shall be provided
with DALI-compatible LED drivers and connected to a DALI or DALI-2 control network. The DALI
system shall allow individual addressing, grouping, switching, dimming, and status monitoring of each
luminaire. All DALI equipment shall comply with IEC 62386 and shall be fully interoperable with other
certified DALI-2 devices.

Emergency luminaires shall be DALI-EM or DALI-2-EM type and shall support automatic function
testing, duration testing, and reporting in accordance with AS/NZS 2293.2. Test results, battery status,
and failure indications shall be available to the site’s central monitoring system or SCADA via a DALI
gateway or approved interface.

DALI control gear, sensors, and field devices shall be suitable for the environmental conditions of the
installation, including ingress protection, corrosion resistance, and temperature rating. DALI wiring
shall be segregated and installed in accordance with manufacturer requirements and relevant standards.

The Designer shall coordinate the DALI system architecture, addressing scheme, and integration
requirements with the electrical, SCADA, and emergency lighting systems to ensure consistent zone
definitions, reliable communication, and clear operational hierarchy.

17.5 General Purpose Power Socket Outlets
17.5.1  General

Ideally, single phase general purpose switched socket outlets should be located in buildings and outdoor
areas such that any working area of the treatment plant can be reached with a 30 m extension cord.
However, due to the widespread use of portable generators for operation and maintenance activities it
may not be necessary to provide single phase general purpose switched socket outlets in every area.

In addition to single phase general purpose switched socket outlets provided for plant operation and
maintenance duties, single phase general purpose switched socket outlets shall be provided in all
buildings as follows:

a) At least two double outlets in each office,
b) At least four double outlets in each amenities area,
¢) Two double outlets located at each workstation, and

d) At least one double outlet located at each High Voltage switchboard, motor control centre
switchboard and at each control cubicle,

A three phase 20-amp 5 pin general purpose switched socket outlet shall be installed in each switchroom.
In addition, such three phase outlets shall be provided within buildings and in outdoor areas where
required to facilitate the operation cleaning and maintenance of the plant,

All general purpose switched socket outlets shall be provided with Residual Current Detection
protection and labelled as “RCD PROTECTED” at each outlet.
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17.5.2

17.6

Sockets for Connection of Critical Equipment

Certain items of critical plant equipment, including chlorination systems, analysers, instrumentation and
other devices essential to continuous operation, may be adversely affected by nuisance tripping of RCDs.
Unintended shutdown of such equipment can compromise process performance, safety, and regulatory
compliance.

In accordance with AS/NZS 3000:2018 Clause 2.6.3.2.3.3 (Exception 3), socket outlets installed
specifically for the connection of identified critical equipment may be exempt from RCD protection,
provided that:

a) the socket outlet is dedicated to that item of equipment,
b) the exemption is justified by documented operational or safety requirements,

c¢) the circuit is protected by an MCB and complies with all earthing and fault-loop impedance
requirements,

d) the exemption does not apply to general-purpose socket outlets or multi-use circuits.

The Designer is responsible for specifying all equipment recommended for RCD exemption during the
design process. Socket outlets located on final subcircuits intended for the connection of designated
critical equipment, as outlined above, are not required to be fitted with RCD protection.

Air Conditioning

17.6.1  Air Conditioning and Environmental Control
All electrical equipment shall be selected for operation under the atmospheric and environmental
conditions present on site. Where equipment cannot be economically obtained with a suitable
environmental rating, the operating environment shall be modified to ensure compliance with the
equipment manufacturer’s requirements.
Whole-of-building air conditioning is generally not practical for treatment plant structures. However,
the following rooms shall be assessed to determine whether mechanical ventilation, refrigerated cooling,
or full HVAC is required:
a) Control rooms
b) Switchrooms
¢) Rooms containing power transformers
d) Rooms containing large variable speed drives (VSDs) or other heat-generating power
electronics
e) UPS and battery rooms
f) PLC/SCADA/Communication rooms
The Designer shall determine the appropriate environmental control strategy based on equipment
heat loads, atmospheric contaminants, dust levels, and manufacturer requirements.
17.6.2  Corrosive Atmospheres (Wastewater Treatment Plants)
Where these rooms are located in areas subject to HzS or corrosive gases:
a) Air conditioning or ventilation systems shall draw air from a clean, non-corrosive source.
b) Activated carbon or equivalent chemical filtration shall be provided at air intakes.
¢) Electrical equipment cabinets located in corrosive areas and not served by conditioned air
shall be positively pressurised with clean, filtered air.
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d) HVAC equipment, ductwork, and external components shall be corrosion-resistant and
suitable for wastewater environments.

17.6.3  Cooling Requirements
For rooms housing large VSDs, transformers, UPS systems, or other heat-generating equipment:
a) Mechanical ventilation may be used where clean, dust-free, non-corrosive air is available.

b) Refrigerated cooling shall be provided where suitable intake air is not available or where
required to maintain equipment within manufacturer-specified temperature limits.

c¢) Cooling and ventilation systems shall be sized so that the combined heat load does not
increase the room temperature by more than 5°C above ambient when all equipment is
operating at full load.

The Designer shall confirm equipment heat loads, environmental conditions, and manufacturer
requirements to determine the appropriate environmental control strategy for each room.

17.6.3.1 Mechanical Ventilation

Mechanical ventilation may be used where clean, dust-free, non-corrosive air is available. Ventilation
systems shall:

a) Provide sufficient airflow to limit room temperature rise to < 5°C above ambient at full
equipment load

b) Exhaust warm air to a location that prevents recirculation
c) Include filtration appropriate to the site environment
d) Be designed to prevent ingress of corrosive gases or dust

Ventilation systems shall operate continuously when equipment is energised.

17.6.3.2  Refrigerated Cooling
Refrigerated cooling shall be provided where:
a) Clean intake air is not available
b) Equipment requires temperature control below ambient
¢) Manufacturer limits cannot be met by ventilation alone
d) The room houses large VSDs, UPS systems, or sensitive electronics
Cooling systems shall:
a) Be sized based on calculated sensible heat load plus a safety margin
b) Maintain room temperature within manufacturer-specified limits
a) Operate independently of building-wide HVAC systems

b) Use corrosion-resistant components suitable for treatment-plant environments

17.6.3.3 Humidity Control
Where humidity may affect equipment performance or reliability:
a) Dehumidification shall be provided as part of the HVAC system
b) Condensate drainage shall be directed to suitable disposal points

c) Equipment shall be protected from condensation during startup and shutdown
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17.6.3.4  Pressurisation

Rooms or cabinets requiring protection from dust or corrosive gases shall be positively pressurised using
clean, filtered air. Pressurisation systems shall:

a) Maintain a minimum positive pressure relative to adjacent spaces
b) Include filtration appropriate to the contaminants present

¢) Be monitored for pressure loss or fan failure

17.6.3.5 Monitoring and Alarms

Environmental control systems shall be monitored via SCADA where applicable. Alarms shall be
provided for:

a) High room temperature

b) Low room temperature (where relevant)
c) Loss of ventilation or cooling

d) Filter blockage

e) Pressurisation failure

f) High humidity

17.6.3.6 Documentation
The Designer shall provide:
a) Heat-load calculations
b) Ventilation and cooling system sizing
¢) Equipment manufacturer environmental requirements
d) Airflow diagrams and HVAC schematics
e) Corrosion-protection measures

f) SCADA alarm lists

17.7 Acoustic Noise Control

The overall design of the treatment plant shall comply with the acoustic noise limits imposed by
environmental legislation and any project-specific approval conditions. A noise impact assessment shall
be undertaken where required to identify noise-critical equipment and determine appropriate mitigation
measures.

Where electrical equipment contributes to external noise emissions, low-noise variants shall be specified
wherever practical. This includes transformers, variable speed drives, switchroom ventilation systems,
cooling fans, and associated HVAC equipment. Preference shall be given to equipment with reduced
mechanical noise, low-noise cooling systems, and acoustic-rated housings where available.

Selection of low-noise equipment shall form part of the noise-mitigation hierarchy, with the aim of
minimising the need for acoustic building treatments, barriers, or enclosures. The Designer shall
coordinate equipment selection, plant layout, and building design to ensure compliance with applicable
noise limits.
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17.8
17.8.1

17.8.2

17.8.3

17.8 Fire and Gas Detection and Alarm System

General

A fire and gas detection and alarm system shall be provided for all treatment plants except very small
package installations. The system shall provide coverage for, as a minimum:

a) Administration and amenities buildings

b) Control rooms and associated equipment rooms
¢) Switchrooms and substations

d) Plant rooms

e) Gas handling, processing, and storage areas

Where the plant includes workshops, laboratories, or other special-purpose facilities, a risk assessment
shall be undertaken to identify fire, chemical, or gas hazards and determine the appropriate form of
detection and protection. The assessment shall consider all flammable, toxic, or reactive materials stored
or used on site.

Automatic sprinkler or gaseous suppression systems shall only be provided where justified by the risk
assessment and shall comply with the relevant Australian Standards.

Design
Fire detection and alarm systems shall be designed in accordance with:
a) AS 1670.1 — Fire detection and alarm systems
b) AS 1670.4 — Gas detection systems
c) AS 1603 series — Fire detection and alarm equipment
d) Building Code of Australia (BCA)

Detectors installed in wastewater treatment environments shall be resistant to low-level hydrogen
sulphide and other corrosive gases.

The main fire indicator panel (FIP) shall be located in the administration or amenities building and shall
provide monitoring outputs to the plant control system (PCS/SCADA), the alarm forwarding system,
and the local Fire Brigade where required. The FIP shall include routine testing facilities in accordance
with the relevant standards.

For major plants, sub-indicator panels shall be provided in local plant areas where appropriate. Alarm
zones shall be allocated in accordance with AS 1670.1 and shall reflect the physical layout of the plant.

The system shall provide local visual and audible alarms. Audible alarms shall interface with the site
paging or public-address system where provided. Interlocks shall be provided where required to shut
down process equipment, isolate electrical supplies, or initiate ventilation systems.

Equipment

Smoke detectors shall be installed in control rooms, switchrooms, and other clean, conditioned spaces.
Heat detectors shall be used in areas subject to dust, fumes, or normal process emissions. Aspirated
smoke detection systems shall be considered for critical control rooms or equipment rooms where early
warning is required.

Where appropriate, flame detectors (UV, IR, or UV/IR) shall be used in high-risk process areas.

Manual call points shall be provided at the main building entrances and, for major plants, at additional
strategic locations around the site.
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External visual and audible alarms shall be provided on key buildings to indicate fire or gas alarm
conditions.

Areas where toxic or flammable gases (e.g., chlorine, biogas) are handled, processed, or stored shall be
equipped with suitable gas detectors connected to the FIP and SCADA. Gas detection shall be
interlocked with ventilation systems, chemical dosing equipment, and other safety systems as required.
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18

VALVE ACTUATORS

Valve actuators shall be designed and specified in accordance with Section 12 of Design Standard DS22
and Type Specification DS26 41 to ensure compatibility with plant control systems, environmental
conditions, and operational requirements.
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19
19.1

19.2

19.3

ELECTRICAL INSTALLATION

General

Electrical installation work shall include the supply, installation, testing, commissioning, and
documentation of all electrical equipment, wiring systems, switchboards, controls, lighting, earthing,
and associated services required for the safe and reliable operation of the treatment plant. All work shall
comply with the Corporation’s Type Specifications & Design Standards as applicable, relevant
Australian Standards, statutory requirements, and the requirements of the Network Operator (Supply
Authority).

The installation shall be suitable for the environmental, operational, and safety conditions of water and
wastewater treatment plants, including corrosive atmospheres, high humidity, dust, vibration, and
outdoor exposure.

Type 1 Installations

Electrical installation design shall be carried out generally in accordance with the requirements of
Section 18 of Design Standard DS22.

Furthermore, the design process associated with the installation, tendering, tender analysis and
recommendation work for small electrical installations shall comply with the relevant

requirements of Sections 1 and 2 of Design Standard DS20.

Type 2 and 3 Installations

Electrical installation design shall be carried out generally in accordance with the requirements of
Section 16 of Design Standard DS21.

Furthermore, the design process associated with the installation, tendering, tender analysis and
recommendation work for medium and large electrical installations shall comply with the relevant
requirements of Sections 1 and 3 of Design Standard DS20.
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20
20.1

20.1.1

20.1.2

20.1.3

WORK ON EXISTING TREATMENT PLANTS

General

The design of additions and upgrades to existing treatment plants shall follow the same general
principles as for new plants. However, the Designer needs to be aware of a number of issues that are
likely to arise when working on existing plants.

Site Survey
Before commencing work on additions to or upgrades of an existing treatment plant the Designer shall:

a) Obtain copies of all available drawings and documentation for the plant from the Design
Manager;

b) Carry out a site survey of the areas affected by the new works in order to confirm the
completeness and accuracy of existing documentation and to determine the condition of the
existing installation.

Any issues arising from the site survey which may affect the scope or design of the new works shall be
reported to the Design Manager.

The Designer shall meet with plant operations and maintenance personnel on a regular basis during the
design phase to brief them on the proposed works and to provide an opportunity for discussion and
feedback. Such meetings shall be coordinated through the Design Manager and any proposed or
requested design changes arising from them shall be referred to the Design Manager for approval.

Standards and Regulations

All new work shall conform to current Corporation, Australian and international standards and to current
statutory regulations.

Some of the standards and regulations to which existing plants, particularly older plants, have been
designed may have been superseded. In many cases this may be of little consequence. However, the
Designer will sometimes encounter compatibility or safety issues when interfacing with equipment or
facilities built to superseded standards. This is particularly so when designing additions and upgrades to
older plants that have been subject to several previous upgrades. In such cases the Designer shall identify
the issues and propose solutions, via the Design Manger, for consideration by the Senior Principal
Engineer.

Safety and Environmental Issues

The conformance of existing facilities affected by the new works to current statutory requirements shall
be checked. The Designer shall refer, via the Design Manager, any non-conformances, particularly those
which relate to safety or the environment, to the Senior Principal Engineer with recommendations for
resolving them.

If the Designer becomes aware of any safety or environmental issues relating to existing plant or
equipment, even though the plant or equipment may not be directly affected by the new works, the issues
shall be referred in writing to the Senior Principal Engineer, via the Design Manager.

Such issues may include:
a) Plant or equipment that does not meet current safety or environmental regulations.
b) Existence of hazardous materials (e.g. asbestos) on the site.

¢) Plant or equipment in poor or unsafe condition.
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20.1.4

20.2

20.3

Numbering

Numbering of equipment and instruments for the new works shall be in accordance with this standard
and Section 4 of the Corporation’s “DS80 WCX CAD STANDARD Manual”.

Before allocating any new numbers, the Designer shall check if any blocks of numbers have been
reserved in the existing scheme for future additions. If any such blocks exist they shall be allocated first.
For instance, if the plant includes three equipment items of a particular type and a fourth item is to be
installed, numbering for the new item may already have been allocated by a previous designer.

Where numbering has not already been allocated, numbering of new equipment and instruments shall
continue existing sequences. For example, if the last number used in an existing area is 1534, the new
equipment numbering could start from 1540. (It is recommended that a gap be left between the old and
new numbers.)

Numbering in some older plants may have been carried out to older standards not compatible with the
current practice specified in the DS80 WCX CAD STANDARD Manual. Generally, it is not feasible to
renumber existing equipment and instruments to conform to current practice, so a compromise system
must be adopted. Such cases shall be referred to the Design Manager.

Above all, numbering of new equipment and instruments shall follow a logical method which is
consistent as far as possible with existing practices at the plant.

Electrical Equipment and Cabling

The Senior Principal Engineer may require that existing electrical equipment and cabling affected by
the new works be upgraded or replaced if it has insufficient capacity for the additional loads, does not
conform to current Corporation standards, is in poor condition or is nearing the end of its useful life.

Hazardous Areas

The Designer shall carry out a full review of existing hazardous area classifications for those areas
affected by the new works. Existing areas shall be reclassified where necessary when the hazardous
areas created by the new works overlap existing plant, or the new works are within an area that is already
classified as a hazardous area.

Re-classification shall be undertaken in accordance with HA-ST-02: EEHA Classification Manual with
the existing site hazardous classification report updated.

When the new works affects the hazardous area classification of existing plant areas, the Designer shall
review existing electrical equipment in those areas to ensure they are suitable for the new classification.

If the Designer becomes aware of any hazardous area non-conformance issues relating to existing plant
or equipment not affected by the new works, the issues shall be referred in writing to the Senior Principal
Engineer.

The existing Hazardous Area Verification Dossier shall be kept up to date at all times by the addition of
new material from the new works as components and systems are designed, installed and commissioned
and brought online.
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APPENDIX A

Control, Instrumentation and SCADA Systems

Al Hydraulic Surge Vessels

Hydraulic surge vessels to be installed at pump stations within treatment plants shall be designed and
specified in accordance with Appendix A1 of Design Standard DS22.

A2 Control System Component of Treatment Plant Design

The standard design practice for the Operational Technology (OT) component of treatment
plants is now covered under Design Standard DS45-06 Treatment Plant Design.
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APPENDIX B
Emergency Stops

Discussion on the Locking of Emergency Stops

Locking an emergency stop in the deenergised state is encouraged in many industrial contexts, especially where
multiple operators or maintenance personnel are involved.

Australian WHS regulations (Reg 191) gives guidance on this matter. If a plant is operated or attended by more than
one person, and multiple E-stops are fitted, the design must ensure they are of the “stop and lock off” type. This
means the plant cannot be restarted until each activated E-stop is unlocked and reset, ensuring full control and safety.

Furthermore, ISO 13850 and AS/NZS 4024.1604 do not discourage locking E-stops in the deenergised state, rather
they support it as part of a fail-safe design ensuring unintended restart during hazardous conditions or maintenance.

Having the ability to lock an E-stop in the deenergised state is important in collaborative environments where multiple
technicians may need assurance that the system remains halted.

The requirement for additional safety is why earlier versions of the electrical standard DS28 have consistently
required a lockable E-stop (when deenergised), which is recognised as a legitimate improvement.

In summary, a lockable E-stop (deenergised only) prevents accidental restart, ensures all operators are aware of the
stop condition, supports multi-person safety controls and complies with WHS and ISO/IEC expectations for
collaborative safety.

The caveat is that the E-stop shall not replace formal isolation procedures like the lockout/tagout (LOTO). LOTO
remains the primary method for energy control. Lockable E-stop is a complementary control, not a substitute.
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APPENDIX C
VSC Ventilation Guidance

Ventilation considerations for variable speed converters and sample calculations are provided for
guidance only.

v

v
—
———
—_—
—

Figure C.2 Simple Room Ventilation System with Air Inlet through false floor
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Figure C.3 Room Ventilation with Air Extraction System

Figure C.4 Room Ventilation System with Internal Cooling

Some variable speed controllers are provided with facilities which allow an exhaust duct of limited
length to be connected directly to the controller with the air flow being powered solely by the cooling
air fan within the controller.

If the cooling system shown at Fig. C.2 is used, the cooling air inlet gratings in the false floor shall be
located directly adjacent to the cooling air inlets into the variable speed controller cabinets.

The required cooling air flow rate for the cooling systems shown at Fig. C.1 and C.2 can be calculated
as follows:

Fo=k * Py * %1250 by * T/ [(T, - T)*To]
Where;
F.= required air flow, m*/h

k= 2770
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P, = controller losses, kW

T, = allowable room temperature, °K
Tk = inlet air temperature, °K

To= reference temperature = 273 °K
h = altitude mean sea level, km

However, because of the relatively high inlet air temperatures in Western Australia, it will generally be
advantageous to extract the warm air from above the variable speed controller as indicated in Fig. C.3,

For systems shown in Fig. C.3 and Fig. C.4, the air extraction ducts should not be flanged onto the
variable speed controller cabinets because generally the controller air flow rate will much higher than
the required room air flow rate.

The required cooling air flow rate for the cooling systems shown at Fig. C.3 and C.4 can be calculated
as follows:

Fa=k * Py /[(T: - Tx) + k * Py *F¢!]
Where;
F.= required air flow, m*/h
k= 2770
P;= controller losses, kW
= allowable room temperature, °K
Ty = inlet air temperature, °K
F.= controller required air flow, m*/h

Room cooling air fans shall be equipped with variable speed drives and proportional/integral controllers,
so as to minimise fan speed consistent with keeping the room temperature within acceptable limits, and
hence to minimise dust collection and acoustic noise.
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APPENDIX D
E-Stop Compliance List, Comparison Table and Safety Workflow

D.1 Compliance Checklist

Emergency Stop Design and Placement

e Red actuator with yellow background.

e Located within reach of each operator and remote-control points.
e Requires single human action to activate.

e Mechanically latched in OFF position.

e Manual reset required, no automatic restart.

Control System Integrity
e Fault detection and fail-safe operation verified.
Motor Control Compliance

e Dedicated emergency stop switches for motors >150 VA.
e Clearly marked and immediately accessible.
e Prevents automatic restart after release.

Lock-Out/Tag-Out Protocols

e Isolation of all energy sources before maintenance.

¢ Padlocks and warning tags applied to each isolation point.

e Alternative emergency stop provided if personnel remain in hazard zone.
e Locks/tags removed only by qualified supervisor after safety verification.
e Emergency stop actuators remain unlocked during normal operation.

Documentation and Standards Compliance

¢ Risk analysis conducted during design phase.

e Records of design, validation, and maintenance maintained.

e Compliance with AS/NZS 3000:2018 for electrical isolation and restart prevention.

e Compliance with AS 4024.1604, IEC 60204-1, and ISO 13850 for emergency stop design.
e  WHS Regulation 191 and CE conformity (where applicable) observed.
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D.2 Comparison Table: Emergency Stop Standards
Feature AS/NZS 3000:2018 (Wiring AS 4024.1604 / TEC 60204-1
Rules)
Scope Electrical installation safety Machln.ery emergency stop design and
integration
ISOlat.l on Mandat.ory for maintenance and Integrated with LOTO procedures post E-stop
Requirements mspection
. Automatic restart prohibited Manual reset required; restart must be
Restart Prevention . .
after power restoration deliberate
Emgrgency Stop Not specified Red actuator, yellow background, mechanical
Design latch
Control Circuit Dual-channel or monitored safety circuits
. Not covered .
Architecture required
Stop Categories Not defined Category 0 (uncontrolled) and Category 1
(controlled)
. Installation records and test Risk assessments, validation, and maintenance
Documentation
results logs
Regulatory WHS Regulation, state electrical CE conformity, IEC standards, WHS
Enforcement safety laws Regulation

Table D.1 Emergency Stop Standards Comparison
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Maintenance Safety Workflow Chart

LOCKOUT

MAINTENANCE SAFETY WORKFLOW
WITH LOCKABLE EMERGENCY STOP (E-STOP)

HAZARD IDENTIFIED
(e.g. During Maintenance)

EMERGENCY STOP ACTIVATED
- Halts all motion
- Overrides all functions

E-STOP LOCKED
- Prevents reset
- Ensures multi-person awareness

APPLY LOTO PROCEDURES
- Isolate energy sources
- Attach locks/tags

PERFORM MAINTENANCE
- Safe access ensured

REMOVE LOTO DEVICES
- Verify task completion
- Remove locks/tags

UNLOCK E-STOP
- Manual reset required

RESTART SYSTEM
- Only after full clearance

Figure D.1 Maintenance Safety Workflow

Uncontrolled if Printed

Ver 2 Rev 0

© Copyright Water Corporation 2026

Page 80 of 84



OYWATER

Design Standard No. DS 28
Treatment Plants - Electrical

APPENDIX E

Lighting Requirements for Various Facility Areas

Overview:

This section outlines the recommended lighting levels, uniformity, and specific considerations for
different areas and spaces within the facility. The information is structured to provide clear guidance on
achieving suitable visual conditions for a range of operational tasks, supporting safety, accuracy, and
comfort in each environment.

General Process Areas:

For general process areas, the recommended illumination ranges from 160 to 240 lux, with a minimum
uniformity (Uo) of 0.40. Lighting should be designed to support industrial process tasks and incorporate
glare control to reduce eye strain and enhance visual performance.

Chemical Dosing Rooms:
Chemical dosing rooms require between 240 and 320 lux and a uniformity of at least 0.40. Good colour
rendering is essential to accurately identify chemicals, ensuring safety and efficacy in operations.

Sludge/Dewatering Areas:
Lighting in sludge and dewatering areas should provide 160 to 240 lux and a minimum uniformity of
0.40. All fittings must be IP-rated and resistant to corrosion to withstand harsh environmental conditions.

Filtration/Membrane Areas:
These halls should be illuminated to 240-320 lux with a uniformity of at least 0.40. Lighting must
support inspection tasks, enabling staff to carry out thorough checks and maintenance.

Control rooms:

Control rooms require higher lighting levels, between 320 and 400 lux, and a uniformity of at least 0.60.
Low-glare fittings should be used to avoid reflections on computer screens and provide a comfortable
visual environment for monitoring activities.

Switchrooms:
Switch rooms and motor control centres (MCCs) should have lighting of 320—400 lux with a minimum
uniformity of 0.50. The lighting must facilitate safe electrical operations and maintenance.

Workshops:
Workshops need 400—600 lux with a uniformity of at least 0.50. This level supports detailed mechanical
and electrical work, ensuring tasks are performed with accuracy.

Laboratories:
Laboratories require illumination between 400 and 600 lux and a uniformity of at least 0.60. A colour
rendering index (CRI) of 80 or higher is necessary for proper sample inspection.

Chemical Storage Areas:

Chemical storage areas should have 160—240 lux and a uniformity of at least 0.40. Lighting must be
compatible with environments containing corrosive vapours.

Dry/Wet Well Areas:
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Lighting for dry and wet wells should be between 80 and 160 lux, with a minimum uniformity of 0.30.
Luminaires must be moisture-resistant to ensure durability and safety.

Stairs/Platforms/Walkways:
These areas require 80—160 lux and a uniformity of at least 0.30. Lighting design should avoid shadows
on edges and steps, enhancing safety for users.

Plant Room Areas:
Plant rooms should be illuminated to 160—240 lux with a minimum uniformity of 0.40, ensuring
adequate access lighting for maintenance and inspections.

Amenity Areas:
Amenities require 160—240 lux and a uniformity of at least 0.40, with standard commercial lighting
recommended for these spaces.

Office Areas:
Offices and meeting rooms should have 320—400 lux and a minimum uniformity of 0.60, providing
visual comfort suitable for office tasks.

Storage Areas:
Storage rooms require 160—240 lux and a uniformity of at least 0.40, with good vertical illumination to
facilitate finding and handling stored items.

Corridors:
Corridors should be provided with 80—160 lux and a minimum uniformity of 0.30. Lighting must ensure
safe circulation throughout the facility.

Exterior Walkway Areas:
Exterior walkways require 20—40 lux and a uniformity of at least 0.25. All fittings must be weather-
resistant to withstand exposure to the elements.

Exterior Work Areas:
Exterior work areas should have 80—160 lux and a minimum uniformity of 0.25, providing suitable
conditions for night-time operational tasks.

Note:
Illuminance Uniformity

The lighting design shall achieve a minimum illuminance uniformity [ Uy | of ‘0.xy’ (e.g. 0.25, 0.40,
0.50, 0.60, etc.) defined as the ratio of minimum to average illuminance across the assessment grid.
Uniformity shall be calculated and verified in accordance with the AS/NZS 1680 Interior and Workplace
Lighting series, and the lighting layout, luminaire selection, and mounting arrangement shall be
configured to ensure compliance under maintained conditions.

For example:

A ‘Uo’ of 0.40 means:

o The darkest point in the space must not fall below 40% of the average lighting level.

o Lighting must be reasonably even, with no deep shadows or harsh contrasts.
This is especially important in treatment plants where uneven lighting can create safety hazards around
walkways, stairs, wet areas, and equipment.
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The uniformity requirement is defined in AS/NZS 1680 series, which governs interior and workplace
lighting across Australia and New Zealand. Relevant parts include:
e AS/NZS 1680.1 — General principles and recommendations
Defines uniformity ratios and how they are measured.
o AS/NZS 1680.2.x — Specific applications
Applies the uniformity requirements to different environments (industrial, circulation spaces,

offices, etc.).

Uncontrolled if Printed Page 83 of 84
Ver 2 Rev 0
© Copyright Water Corporation 2026



. QWATER
Design Standard No. DS 28 CORPORATION
Treatment Plants - Electrical

END OF DOCUMENT

Uncontrolled if Printed Page 84 of 84
Ver 2 Rev 0
© Copyright Water Corporation 2026



	1 INTRODUCTION
	1.1 Purpose
	1.2 Scope
	1.3 Aim and Content
	1.4 Sustainability
	1.4.1 Policy
	1.4.2 Sustainable Electrical Design Principles
	1.4.2.1 Energy and Environmental Performance
	1.4.2.2 Materials and Equipment Selection
	1.4.2.3 Future Adaptability
	1.4.2.4 Lifecycle and End-of-Life Considerations


	1.5 Corporate Standards References
	1.6 Definitions
	1.6.1 General
	1.6.2 Technical

	1.7 National and International Standards
	1.7.1 General
	1.7.2 Technical Standards

	1.8 Use of Type Specifications
	1.9 Use of Corporate Standard Designs
	1.10 Electrical Safety
	1.11 Mandatory Requirements
	1.12 Approval Process and H.V. Submission
	1.13 Quality Assurance
	1.13.1 Equipment Suppliers
	1.13.2 Installers
	1.13.3 Acceptance Tests

	1.14 Allowance for Future Upgrades

	2 Treatment Plant – Installation Types
	2.1 Type 1- Small
	2.2 Type 2 - Medium
	2.3 Type 3 - Major

	3 BASIS OF DESIGN
	3.1 General
	3.2 Basis of Design Document
	3.3 Environmental Conditions
	3.4 P&ID's and Equipment Lists
	3.4.1 Mechanical Equipment List
	3.4.2 Valve List
	3.4.3 Electrical Equipment List
	3.4.4 Maintenance of Lists

	3.5 Equipment Numbering Systems
	3.5.1 Mechanical and Electrical Equipment Numbering
	3.5.2 Existing Treatment Plants


	4 INCOMING SUPPLY.
	4.1 Energy Supply Agreement
	4.1.1 Major Treatment Plants
	4.1.2 Medium Treatment Plants
	4.1.3 Small Treatment Plants

	4.2 Connection to the Electrical Supply Network
	4.2.1 Incoming Supply Arrangements
	4.2.1.1 Small Treatment Plants
	4.2.1.2 Medium Treatment Plants
	4.2.1.3 Major Treatment Plants

	4.2.2 Initial Connection Enquiries
	4.2.2.1 Medium and Major Treatment plants
	4.2.2.2 Small Treatment Plants

	4.2.3 Information Required Initially from the Network Operator
	4.2.3.1 Medium and Major treatment Plants
	4.2.3.2 Small Treatment Plants


	4.3 Incoming High Voltage Electricity Supply for Medium and Major Treatment Plants
	4.3.1 Point of Attachment
	4.3.2 Point of Common Coupling
	4.3.3 Metering and Incoming Isolators
	4.3.4 Surge Protection and Insulation Coordination
	4.3.5 Incoming Feeder Ratings

	4.4 High Voltage Distribution for Medium and Major Treatment Plants
	4.4.1 General
	4.4.2 Protection Equipment
	4.4.3 Tripping Releases and Power Supplies
	4.4.4 Insulation Coordination for Plant Distribution System

	4.5 Substations within Medium and Major Treatment Plants
	4.5.1 Dual Transformers
	4.5.2 Switchgear Enclosures
	4.5.3 Transformer Enclosures
	4.5.4 Clearances.
	4.5.5 Connections to Transformers
	4.5.6 Transformer Ratings
	4.5.7 Transformer Feeders

	4.6 Low Voltage Distribution within Medium and Major Treatment Plants
	4.6.1 General
	4.6.2 Sectionalising Switchboards
	4.6.3 Protection
	4.6.4 Neutral and Earth Connections

	4.7 Embedded Generation within Medium and Major Treatment Plants
	4.7.1 Use of Earthing Transformer
	4.7.2 Selection of Earthing Transformers
	4.7.3 Synchronising with the Incoming Supply
	4.7.4 Point of Connection of Embedded Generators and Earthing Transformer
	4.7.5 Harmonic Circulating Currents.
	4.7.6 Fault Levels
	4.7.7 Generator Specifications
	4.7.8 Generator Protection
	4.7.9 Loss of Incoming Mains Protection
	4.7.10 Generator Circuit Breakers
	4.7.11 Network Operator's Special Requirements
	4.7.12 Use of Uninterruptible Power Supplies

	4.8 Solar Energy System Integration
	4.8.1 Scope
	4.8.2 General Requirements
	4.8.3 Civil and Structural Requirements
	4.8.4 System Protection
	4.8.5 Monitoring and Control
	4.8.6 Installation, Commissioning and Maintenance
	4.8.7 Structural Support and Roof Integrity
	4.8.8 Documentation

	4.9 Treatment Plant Wide Harmonic Analysis within Medium and Major Treatment Plants
	4.9.1 General
	4.9.2 Active Harmonic Filtering

	4.10 Power Factor Correction within Medium and Major Treatment Plants
	4.10.1 General
	4.10.2 Calculation of Required Capacitive kVAR
	4.10.3 Effect of Converters
	4.10.4 Switching of Capacitors
	4.10.5 Switching Apparatus and Protection

	4.11 Incoming Low Voltage Electricity Supply for Small Treatment Plants
	4.12 Power Supply Quality Monitoring

	5 SWITCHBOARDS
	5.1 High Voltage Switchboards
	5.2 Low Voltage Switchboards Rated > 440 amps
	5.3 Low Voltage Switchboards Rated ≤ 440 amps
	5.4 Low Voltage Switchboard Form of Separation
	5.5 Sectionalising Motor Control Switchboards
	5.6 Motor Control Switchboard Incoming Feeder Isolators
	5.7 Switchboard Isolation, Earthing and Interlocking
	5.8 Switchboard Control
	5.9 Power Monitoring
	5.10 Vendor Equipment Packages

	6  TRANSFORMERS
	6.1 Transformer Specifications
	6.2 Transformer Protection
	6.3 Transformer Tender Analysis

	7 MOTOR STARTERS
	7.1 General
	7.2 Motor Starters Rated > 150 kW
	7.3 Motor Starters Rated ≤ 150 kW
	7.4 Motor Starters Power Monitoring
	7.5 Motor Starters Protection

	8 VARIABLE SPEED CONTROLLERS
	8.1 General
	8.2 Variable Speed Controllers Rated > 150 kW
	8.3 Variable Speed Controllers Rated ≤ 150 kW
	8.4 Variable Speed Controllers Power Monitoring
	8.5 Variable Speed Controllers Protection
	8.6 Variable Speed Controller Tender Analysis

	9 MOTORS
	9.1 General
	9.2 Specifications for Motors Rated >150 kW
	9.3 Specifications for Motors Rated ≤ 150 kW
	9.4 Motor Protection
	9.4.1 General
	9.4.2 Motor Protection for Motors Rated > 150 kW
	9.4.3 Motor Protection for Motors Rated ≤ 150 kW

	9.5 Motor Tender Analysis

	10 Active Filters
	10.1 General
	10.2 Selection and Installation Requirements
	10.2.1 Selection Requirements
	10.2.2 Installation Requirements


	11 Switchrooms for Type 2 and Type 3 Treatment plants
	12  EMERGENCY STOP and MOTOR ISOLATION
	12.1 Emergency Stop Requirements
	12.1.1 Standards Alignment
	12.1.2 General Requirements
	12.1.3 Device Design
	12.1.4 Stop Categories, Risk Assessment and Documentation
	12.1.5 Lock-Out/Tag-Out (LOTO) and Emergency-Stop Locking

	12.2 Motor Isolation
	12.3 Local Stop/Start Control

	13 ELECTRICAL EARTHING AND BONDING
	13.1 Type 1 Plant Earthing Connections
	13.2 Type 2 & Type 3 Plant Earthing Connections
	13.3 Interconnection of Power and Light Current Earthing Systems
	13.4 Site Wide Earthing Interconnection
	13.5 Earth Bonding of Pipework, Metalwork and Structures

	14 LIGHTNING PROTECTION of BUILDINGS and STRUCTURES
	15 POWER and CONTROL CABLES
	15.1 Cable Types
	15.2 Cable Ratings
	15.3 Minimum Separation of Power and Control Cables
	15.4 High Voltage Cable Terminations

	16 CABLE INSTALLATION METHODS
	16.1 High Voltage Distribution Cables
	16.2 High Voltage Drive Cables
	16.3 Low Voltage Distribution Cables
	16.4 Other Cables
	16.5 Cable Trays and Ladders
	16.6 Other Cable Related Design Requirements

	17  BUILDING SERVICES
	17.1 Internal Lighting
	17.1.1 General Requirements
	17.1.2 Process Areas, Plant Rooms, Galleries, Switchrooms and Similar Spaces
	17.1.3 Switchboards, Control Panels and Electrical Equipment
	17.1.4 Administration Buildings, Offices and Control Rooms

	17.2 Emergency Lighting
	17.3 Exterior Lighting
	17.4 Control of Exterior Lighting
	17.4.1 General
	17.4.2 Digital Lighting Control (DALI) for Major Treatment Plants
	17.4.3 DALI Requirements

	17.5 General Purpose Power Socket Outlets
	17.5.1 General
	17.5.2 Sockets for Connection of Critical Equipment

	17.6 Air Conditioning
	17.6.1 Air Conditioning and Environmental Control
	17.6.2 Corrosive Atmospheres (Wastewater Treatment Plants)
	17.6.3 Cooling Requirements
	17.6.3.1 Mechanical Ventilation
	17.6.3.2 Refrigerated Cooling
	17.6.3.3 Humidity Control
	17.6.3.4 Pressurisation
	17.6.3.5 Monitoring and Alarms
	17.6.3.6 Documentation


	17.7 Acoustic Noise Control
	17.8 17.8 Fire and Gas Detection and Alarm System
	17.8.1 General
	17.8.2 Design
	17.8.3 Equipment


	18 VALVE ACTUATORS
	19 ELECTRICAL INSTALLATION
	19.1 General
	19.2 Type 1 Installations
	19.3 Type 2 and 3 Installations

	20 WORK ON EXISTING TREATMENT PLANTS
	20.1 General
	20.1.1 Site Survey
	20.1.2 Standards and Regulations
	20.1.3 Safety and Environmental Issues
	20.1.4 Numbering

	20.2 Electrical Equipment and Cabling
	20.3 Hazardous Areas

	APPENDIX A
	Control, Instrumentation and SCADA Systems
	A1 Hydraulic Surge Vessels
	A2 Control System Component of Treatment Plant Design
	APPENDIX B
	Emergency Stops
	Discussion on the Locking of Emergency Stops
	APPENDIX C
	VSC Ventilation Guidance
	APPENDIX D
	E-Stop Compliance List, Comparison Table and Safety Workflow
	D.1 Compliance Checklist
	D.2 Comparison Table: Emergency Stop Standards
	D.3  Maintenance Safety Workflow Chart

	APPENDIX E
	Lighting Requirements for Various Facility Areas

