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FOREWORD

The intent of Design Standards is to specify requirements that assure effective design and delivery of fit for purpose

Water Corporation infrastructure assets for best whole-of-life value with least risk to Corporation service standards

and safety. Design standards are also intended to promote uniformity of approach by asset designers, drafters and

constructors to the design, construction, commissioning and delivery of water infrastructure and to the compatibility

of new infrastructure with existing like infrastructure.

Design Standards draw on the asset design, management and field operational experience gained and documented by

the Corporation and by the water industry generally over time. They are intended for application by Corporation

staff, designers, constructors and land developers to the planning, design, construction and commissioning of

Corporation infrastructure including water services provided by land developers for takeover by the Corporation.

Nothing in this Design Standard diminishes the responsibility of designers and constructors for applying the

requirements of the Western Australia's Work Health and Safety (General) Regulations 2022 to the delivery

of Corporation assets. Information on these statutory requirements may be viewed at the following web site location: 

Overview of Western Aust th 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,

Water Treatment Section, Engineering. Future Design Standard changes, if any, will be issued to registered Design

Standard users as and when published.

Head of Engineering

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

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

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

© Copyright – Water Corporation: This standard and software is copyright.  With the exception of use permitted by the Copyright

Act 1968, no part may be reproduced without the written permission of the Water Corporation.

 

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

Water Corporation accepts no liability for any loss or damage that arises from anything in the

Standards/Specifications including any loss or damage that may arise due to the errors and omissions of any person.

Any person or entity which relies upon the Standards/Specifications from the Water Corporation website does so 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 Corporat

project manager and/or designer for that particular Project.
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1 INTRODUCTION

1.1 Purpose

The purpose of this Design Standard is to explain Water Corporat preferred approach to drinking

water chlorination in Aboriginal Community Water Services (ACWS).

This Design Standard documents ACWS specific requirements. It also documents deviations from, and

resolves some of the optionality available in, the wider suite of Water Corporation Design Standards,

and therefore must be read in conjunction with those Design Standards.

1.2 Scope

This Design Standard applies to ACWS that are covered by Water Corporat Memorandum of

Understanding (MoU) with the Department of Health (DoH), are not regularised, and are being operated

and maintained by third party Regional Service Providers (RSPs).

This Design Standard addresses chlorine gas, and brine and continuous electro-chlorination systems in

the context of ACWS.

1.3 Background

Water Corporation has taken responsibility from the Department of Communities (DoC) for the

provision of water services in approximately 140 remote Aboriginal communities. Water Corporation

is expecting to deliver multiple new drinking water chlorination systems in these communities.

Water Corporat position, informed by the Australian Drinking Water Guidelines (ADWG) and its

MoU with DoH, is that drinking water supplies should be disinfected to a minimum Ct with some form

of chlorination, and a free chlorine residual maintained through to the customer tap.

New ACWS chlorination systems are required because some Aboriginal community drinking water

supplies do not currently have chlorination, and some existing chlorination systems need to be replaced

due to condition, performance, or the proximity of incompatible land uses.

1.3.1 Application of Water Corporation Standards

The design of ACWS chlorination systems will be in accordance with Water Corporation Design

Standards, specifications, and standard designs, unless stated otherwise in this Design Standard.

Within this Design Standard some deviations from other Water Corporation Design Standards and

normal practice have been adopted because of a desire t t-for-purpose 1.

1.3.2 Regional Service Providers

Water Corporation has retained the services of the three existing RSPs who have been operating and

maintaining the ACWS schemes for DoC. The three RSPs are:

• Kimberley Regional Service Provider (KRSP) who operate in the Kimberley, 

• Pilbara Meta Maya (PMM) who operate in the Pilbara, and

• Ngaanyatjarra Services (NgS) who operate in the Goldfields.

                                                     
1 Stakeholders have requested a t-for-purp ACWS chlorination design, which is usually expressed as a desire to deliver at a lower cost

than Water Corporat pproach to chlorination, although a reluctance to relax t risk tolerance makes that difficult. The

compromises proposed herein to reduce capex will likely result in reduced durability and asset life and some variation in O&M context

compared to normal Water Corporation practice (although not compared to current RSP practice). Aside from the desired reduction in cost,

there are a range of addit t-for-purp to consider. These include remoteness, poor road

access and potential isolation; limited local support services; lower level of operator attendance; in some cases, highly variable demand profiles

that affect the water residence time; and in many cases, quite challenging raw water quality. See also Section 1.3.4.
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It is expected that Water Corporation will continue to contract out the operation and maintenance of

ACWS assets. However, the intention is to design new ACWS assets such that they could be operated

by Water Corporation or by alternate contractors at some future time.

The existing RSPs are to be consulted during the design and delivery of new ACWS chlorination

systems, both for their local experience and knowledge, and because there is some optionality within

this Design Standard to allow for commonality with existing equipment already used within a Region

where RSPs have found that equipment to be fit-for-purpose and reliable. 

1.3.3 ACWS Disinfection Guideline 

Water Quality Business Unit (WQBU) and Aquanex2 have developed an ACWS Disinfection Guideline

(Nexus #185639098) with some input from EBU and the RSPs.

The ACWS Disinfection Guideline has been used as a primary input to the development of this Design

Standard, although, t t-for-purp this Design Standard does not strictly follow

all recommendations in that guideline.

1.3.4 Operational Challenges

1.3.4.1 Source Water Quality

Many ACWS schemes have source water with high hardness, often much higher than typical Water

Corporation sites3.

Hard water may deposit scale throughout a chlorination system leading to blockages, interference with

the accuracy of instruments, and underperformance or failure of components. Many reliability issues

that RSPs currently experience in ACWS schemes are caused by hard water.

The options to address hard water and improve related reliability are limited without increasing capex

beyond Water Corporat normal approach to chlorination4. Consequently, unless maintenance

activity and opex are increased, it is expected that hardness related issues will continue at a similar rate.

1.3.4.2 Servicing Interval and Analyser Accuracy

RSP personnel usually attend chlorination sites once per four to twelve weeks5. Maintenance of the

chlorine analyser is completed as one of the key tasks of these visits (e.g. calibration, replacement of

membrane as needed etc.). Note that sites with a twelve-week attendance frequency do not currently

incorporate chlorine residual analysers. 

There is a concern that for sites with longer service intervals the readings from chlorine residual

analysers may become unreliable over the duration of the servicing interval6. This is an issue because

the delivery of chlorine at the correct dose rate relies on the chlorine analyser7. 

This Design Standard includes control logic to try and identify if an analyser is far out of calibration,

but the approach is untested.

                                                     
2 Aquanex are a consultancy with experience in Aboriginal community water supplies across Australia.
3 At least 50 ACWS sites have median hardness over 200 mg/L, and 20 over 400 mg/L. Some maximums exceed 1000 mg/L.
4 Calgon dosing or water softening could be incorporated with the chlorination system to treat the part of the flow passing through narrow bore

pipework and instruments but would greatly increase the chlorination module cost, which Stakeholders have not been prepared to endorse. AIP

may elect to include measures to address hardness at a scheme level on a case-by-case basis (e.g. Calgon dosing, water softening, or reverse

osmosis desalination). 
5 In contrast, Water Corporation usually attends weekly.
6 WQBU have indicated that at some ACWS sites even the four weekly interval appears to be inadequate to ensure accurate analyser results.
7 All normal Water Corporation and contemporary RSP designs, and the approach in the ACWS Disinfection Guideline and this Design

Standard, rely on the analyser for control. Older RSP designs do not utilise an analyser but also deliver more erratic chlorination as a result. If

the analyser reading was known to be too inaccurate, then the dosing control for the chlorination could be programmed to fail over to a cruder

flow paced dosing methodology, but this may result in chlorination that is as equally erratic, the challenges is that there is not necessarily any

clear way to determine remotely if the analyser is inaccurate - until it is wildly inaccurate.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/185639098
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/185639098
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1.3.4.3 Variable Demand Profile

Highly variable community populations can result in periods with very low demand and long chlorinated

water storage tank residence times, punctuated by brief periods with very high demand and short

residence times. 

The former has the potential to result in the loss of a chorine residual, whereas the latter may result in

inadequate Ct and inadequate initial chlorine residual. 

This Design Standard adopts the chlorination configuration recommended in the ACWS Disinfection

Guideline, which has greater functionality than either contemporary RSP or Water Corporation normal

practice, to try and manage both extremes.

1.3.5 Level-of-Service

DoH has advised that in the event of an ACWS chlorination failure, supply of water to customers should

continue. In that scenario, communities will be issued with health advisory notificat

wat p tifications) as part of a management response8. 

While the above may give the impression that there is a greater tolerance for lower reliability than in

Water Corporat practice this is not the case, and the design should aim to deliver as much

reliability as is achievable within t t-for-purp ter Corporation.

This Design Standard includes the requirement for the SCADA necessary to identify and report any

fault as soon as it occurs so that a timely management response may be implemented. It is also premised

on there being sufficient chlorinated reserve water in the scheme to allow time to mount the response9. 

1.3.6 Deployment Model

Similar to Water Corporat tion, and current RSP practice, in

order to reduce as far as practicable high-cost on-site construction, chlorination systems described by

this Design Standard are based around road transportable chlorination modules that are fabricated and

factory tested off site and then installed and commissioned on site. 

These are referred to as ACWS Chlorination Modules hereafter.

1.4 Reference Drawings

Standard drawings for ACWS Chlorination Modules can be found in planset EO28 (for chlorine gas)

and OT81 (for BEC and CEC).

1.5 Statutes and Standards

This Design Standard refers (directly or indirectly) to the legislation and standards noted below.

The Designer remains responsible for determining any other relevant codes, codes of practice, standards,

regulations and/or legislation that apply to the scope of works.

1.5.1 Conflict in Standards

In the event of conflict in standards or codes, the following hierarchy shall be used:

1. Statutory requirements of the Commonwealth of Australia and the State of Western Australia.

2. Water Corporat tandards and Specifications.

3. Australian Standards and Codes of Practice.

                                                     
8 It should be noted that such administrative controls are relatively lower in effectiveness and reliability for the protection of public health than

a fully functioning chlorination system and are therefore not the preferred risk mitigation approach.
9 The reserve storage is normally set at a minimum of 2x AADD in accordance with the Department of Communities Remote Service Level

Guidelines. This means that at peak demand, at most sites, there will likely be about 24 hours available to identify, diagnose, and implement a

response to a chlorination failure.
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4. Other international standards or codes acceptable to Australian Statutory Authorities.

5. National recognised standards which equipment manufacturers normally use that are not already

covered above.

1.5.2 Legislation

Dangerous Goods Safety Act 2004 (WA)

Dangerous Goods Safety (Storage and Handling of Non-explosives) Regulations 2007 (WA)

Environmental Protection Act 1986 (WA)

Medicines and Poisons Act 2014 (WA)

Public Health Act 2016 (WA)

Work Health and Safety Act 2020 (WA)

Work Health and Safety (General) Regulations 2022 (WA)

1.5.3 Australian Standards

AS 1170 Structural design actions – General principles

AS 1170.1 Structural design actions – Permanent, imposed and other actions

AS 1657 Fixed platforms, walkways, stairways, and ladders 

AS 1688.2 The use of ventilation and air-conditioning in buildings – Part 2: Ventilation

design for indoor air contaminant control

AS 2927 The storage and handling of chlorine gas

AS 3000 Electrical installations

AS 3500 National plumbing and drainage code 

AS 3780 The storage and handling of corrosive substances

AS 3959 Construction of buildings in bushfire-prone areas

AS 4041 Pressure piping

AS 4775 Emergency eyewash and shower equipment

1.5.4 Water Corporation Standards

DS 20 Electrical Design Process

DS 22 Ancillary Plant & Small Pump Stations – Electrical

DS 24 Electrical Drafting

DS 26 Type Specifications - Electrical

DS 28 Water and Wastewater Treatment Plants - Electrical

DS 29 Arc Flash Hazard Assessment of Switchgear Assemblies

DS 30 Mechanical General Design Criteria & Glossary

DS 31-01 Pipework

DS 31-02 Valves & Appurtenances

DS 32 Pump stations

DS 33 Water Treatment Mechanical Design Standards
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DS 35 Ancillary Plant Mechanical Design Standards

DS 40 Design Process for SCADA Works

DS 40-06 Software Change Control

DS 40-08 Standard for the Control of Chemical Dosing

DS 40-09 Field Instrumentation

DS 62-01 Site Security, Public Safety and Emergency Treatments

DS70-01 Chlorine Buildings

DS70-02 Chlorine Leak Detectors

DS70-03 ESDs

DS70-05 Chlorine Container Weigh Scales

DS70-06 Chlorine Ancillary Equipment

DS70-20 Small Chlorination Systems (Water) - Control Function Description

DS70-20/30 Small Chlorination Systems (Water) – Basis of Design

DS 78 Chemical Dosing

DS 79-01 Design of Chemical Systems - Legislative Requirements and General

Principles

DS 79-02 Emergency Safety Showers and Eyewash Stations

DS 79-03 Chemical Barrier Protection

DS 79-04 Chemical Signage Labelling and Markers

DS 79-05 Small Chemical Storage & Dosing Systems – Basis of Design

DS 80 WCX CAD Standard

DS 81 Process Engineering

DS 95 Standard for the Selection, Preparation, Application, Inspection and Testing

of Protective Coatings on Water Corporation Assets

DS 112-01 Brine Electro-chlorination

DS 112-02 Continuous Electro-chlorination

SPS 497 Polyethylene Tanks for Chemical Service 

S081 Security and Public Safety

S151 Prevention of Falls

1.5.5 Other References

Aquanex ACWS Disinfection Guideline

Water Corporation Operational Technology Approved Equipment List

Water Corporation Strategic Products Register

Memorandum of Understanding with Department of Health

Water Corporation Criteria for Drinking Water Supply

DoC Remote Service Level Guideline
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1.6 Abbreviations

ACWS – Aboriginal Community Water Services

ADWG – Australian Drinking Water Guidelines

BEC – Brine Electro-chlorination 

CEC – Continuous Electro-chlorination

D&C – Design and Construct [contract]

DoC – Department of Communities

DoH – Department of Health

EBU – Engineering Business Unit

KRSP – Kimberly Regional Service Provider

MoU – Memorandum of Understanding

PMM – Pilbara Meta Maya

PTM – Prefabricated Treatment Module

NgS – Ngaanyatjarra Services

RPZD – Reduced Pressure Zone Device

RSP – Regional Service Provider

SAPS – Stand-Alone Power System

WQBU – Water Quality Business Unit

1.7 Design Process

The design for ACWS chlorination systems should follow Water Corporat Engineering Design

Process, with: 

• Electrical design undertaken in accordance with DS20,

• Mechanical design undertaken in accordance with DS30, 

• SCADA design undertaken in accordance with DS40,  

• Process design undertaken in accordance with DS78, DS79 and DS81, and

• Drawing practice in accordance with DS24, DS80 and DS81.

It is recommended that Concept Design is delivered by Water Corporation, with the support of

consultants as needed, and Engineering and Detailed Design are completed by a Design and Construct

(D&C) Contractor who will construct and commission the assets.

Water Corporation should engage with the relevant RSP in the development of the Concept Design. The

D&C Contractor will be required to continue the engagement with the RSP through the balance of the

project delivery.

1.8 Generic Design Criteria

1.8.1 Importance Level

ACWS Chlorination Modules will normally be Importance Level 3 under AS1170.
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The majority of ACWS Chlorination Modules will be installed in Wind Region A0. A small number

will be deployed in Wind Regions B2, C and D. ACWS Chlorination Modules will typically be installed

in a Terrain Category 2 environment.

1.8.2 Noise Levels

Chlorination system designs shall at a minimum comply with the Environmental Protection (Noise)

Regulations 1997 (WA), noting that there may be situations where specific commitments or the need to

maintain social licence demand a higher level of performance, and the Work Health and Safety (General)

Regulations, 2022. The design shall also follow the Managing noise and preventing hearing loss at

work: Code of practice, Worksafe WA, 2022.

1.8.3 Manual Handling

Chlorination system designs shall comply with the Hazardous Manual Tasks Code of Practice (LGIRS,

2022) and Designers shall ensure that any manual handling tasks can be performed safely and efficiently.

To satisfy the requirements of the Hazardous Manual Tasks Code of Practice (LGIRS, 2022) the

Designer must assess the manual handling activities required to operate and maintain the plant, reduce

ergonomic injury risk factors, and design the plant with the accessibility needed for any mechanical

lifting equipment (or other aids/tools) required to perform manual tasks safely and efficiently.

Specific tasks to assess in the design of ACWS Chlorination Modules include the handling of chlorine

gas cylinders, the loading of salt for BEC systems, the periodic rotation of equipment (e.g. CEC, BEC

cells) for maintenance, and the replacement of heavy equipment (e.g. pumps).

1.8.4 Heights and Confined Spaces 

Working at heights and confined spaces are to be avoided wherever possible. Where working at heights

is unavoidable then the design shall comply with S151 and AS1657 at a minimum.

1.8.5 Materials in Contact with Drinking Water

All materials in contact with drinking water shall comply with AS4020 and have DoH approval for use

in potable water applications per Schedule 5 and 6 of the MoU between the DoH and Water Corporation

for the supply of Drinking Water10.

1.8.6 Power Supplies

Many ACWS chlorination systems will be supplied with power from Standalone Power Systems (SAPS)

that incorporate solar panels and battery storage. Designs will need to minimise power consumption and

wherever possible bias power demand to daylight hours, to reduce the size of battery banks. Ultimately

though, this Design Standard assumes that water quality takes priority, and that ACWS chlorination

systems supplied from a SAPS should be provided with a genset that can be called into use if batteries

become depleted and the ACWS chlorination systems must run to protect public health.

1.9 Source Water Quality Data

The following key source water quality data needs to be obtained to inform chlorination system design

choices:

• Chlorine demand/decay (for setting dose rates and sizing equipment),

• Hardness (for understanding scaling risk),

                                                     
10 Exceptions may be granted by Water Corporation for materials that have a long-accepted history in water treatment applications or have

equivalent certification from an appropriate international jurisdiction.
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• Chloride and TDS (for determining suitability of CEC),

• pH (if outside of acceptable range for chlorination, then pH correction needed),

• Turbidity (if > 5 NTU, then additional pretreatment required), and

• Total and dissolved iron and manganese, dissolved CO2 (can be roughly estimated from field

pH and alkalinity in most cases), and sulphate (all for understanding other fouling risks and

determining additional pretreatment needs).

Note that the Investigation and Planning for Drinking Water Sources Procedure must be followed in

developing a new water source. This procedure includes the requirement to complete a New Drinking

Water Source Investigation Report, which involves sampling the water source for a suite of water quality

parameters that covers all of the above except for chlorine demand/decay (which may need to be

requested separately).

The sampling program needs to deliver an adequate understanding of the source water quality

variability. For groundwater sources it is recommended that a minimum of three sampling events is

undertaken. These should include a dry season sample, a wet season sample, and a third sampling event

in the wet season or immediately post the wet season. If data from these suggests that there is a high

degree of connectedness between surface and groundwater, then more samples may be needed. This

should be discussed with the Water Resource Science section of AIP. A sampling program for surface

water sources should be discussed with the Water Resource Science section of AIP.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58559244
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58549234
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58549234
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2 CONFIGURATION 
All new ACWS chlorination systems will be designed to operate with a chlorinated water storage tank.

This may be one or more ground tanks, an elevated tank, or a combination of the two.

Standard Water Corporation practice is to dose chlorine on the inlet to the chlorinated water storage

tank. Standard RSP practice is to dose chlorine on a recirculation loop between the chlorinated water

storage t tlet and inlet. As recommended in the ACWS Disinfection Guideline, new ACWS

chlorination systems will adopt a hybrid of these two approaches as outlined below.

2.1 Components

Each ACWS chlorination system will be based around an ACWS Chlorination Module and include:

• Chlorination equipment (including items both within the ACWS Chlorination Module and

potentially remote to the module, such as a tank inlet flow meter and dosing quills11) and

associated safety equipment (e.g. leak detectors),

• Chlorine residual sampling and analysis equipment,

• Recirculation pump wit prevention (either RPZD or automated double-block-and-

bleed),

• Electrical switchboard, control cubicle (with OIP and SCADA equipment), and associated

electrical and I&C equipment including earthing, lightning and surge protection, and telemetry,

• Ancillary services (e.g. lighting, HVAC, security system, service water booster pump, safety

shower, hose reel, etc.) as needed, and

• Equipment housing.

2.2 Functionality

In accordance with the ACWS Disinfection Guideline new ACWS chlorination systems will be

configured so that they can achieve two different functional outcomes:

• Chlorine dosing of the source water entering the chlorinated storage tank whenever source water

is being conveyed into the storage tank (usually raw water direct from bores) to ensure Ct and

an initial residual is achieved (i.e. primary chlorination); and

• Chlorine dosing of water being recirculated from the storage tank outlet to the inlet to maintain

a chlorine residual, especially if demand falls and residence time increases (i.e. secondary or

top-up chlorination)12.

To achieve that functionality with a single dosing system13 requires the recirculation loop from the tank

outlet to be cross connected to the t ter inlet upstream of the chlorine dose point14. The

recirculation loop must then have backflow prevention (discussed further in Section Error! Reference

source not found.) because of the water quality risks introduced by the cross-connection.

In systems where the chlorine decay rate is low enough compared to the minimum demand the function

of the recirculation loop will become redundant. It is suggested that if the residence time at the average

                                                     
11 If feasible as many of these items as possible should be incorporated within the ACWS Chlorination Module, to reduce site works.
12 As the recirculation pump will be one of the larger power demands in the module this is an additional reason to reduce reliance on it.
13 Use of a second dosing system adds somewhat more cost and has not been endorsed by stakeholders.
14 The configuration recommended in the ACWS Disinfection Guideline placed the chlorine dosing on the recirculation loop. This Design

Standard deviates from that recommendation, instead placing the dosing on the tank inlet pipework downstream of the cross-connection. The

ACWS Disinfection Guideline configuration would eliminate the need for a sample pump and for backflow prevention on the recirculation

loop, but it would increase the criticality of the recirculation pump (arguably it would need to be installed duty/standby) as chlorination could

only occur with this pump running. Running the recirculation pump constantly will also push the bore pumps back on their curves and will

increase power demand as the recirculation pump will be one of the largest electrical loads in the system.
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day demand in the minimum demand week will result in a loss of less than 0.5 mg/L of chlorine residual,

then the Asset Manager could consider eliminating the recirculation loop to simplify the system (it

would then become a normal Water Corporation configuration).

In situations where each bore is controlled from a pressure switch (that infers the position of a tank inlet

float valve), a non-standard arrangement with separate tank inlet and recirculation loop will be required,

or the tank inlet float valve will need to be replaced with a tank level sensor and a motorised tank inlet

valve (i.e. the motorised valve would be installed upstream of the recirculation loop discharge point), or

a tank level sensor will need to be installed and communications to the bores established. The latter is

preferred.

Figure 2-1: Example ACWS chlorination system arrangement

2.3 Water Quality Targets

The water quality targets for each ACWS drinking water scheme will be defined in its Water Safety

Plan. The following minimum targets are anticipated:

• Free chlorine Ct leaving the chlorinated water storage t L.min.

• Target free chlorine residual at the outlet of the chlorinated water storage tank = 1.5 mg/L (note

that in some instances with lengthy residence times in reticulation and distribution piping this

may need to be greater than 1.5 mg/L).

• Free chlorine residual at customer tap L.

• Total chlorine residual at customer taps < 3 mg/L.

To calculate dose rates, chlorine demand measurements will need to be made for all water sources in

each scheme. Hydraulic residence time estimates should be provided by AIP.
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3 TECHNOLOGY SELECTION
Gas chlorination, BEC, and CEC are acceptable technologies for long term chlorination. These three

technologies are to be deployed in accordance with the technology selection chart in Figure 2-1 below.

No new commercial sodium hypochlorite systems are to be deployed, except for in short-term

emergency deployments15. Existing commercial sodium hypochlorite systems will be retained. They

should be replaced with gas, BEC or CEC systems at the time of any future renewal.

3.1 Chlorine Gas

Chlorine gas is relatively simple and highly reliable. It is less prone to scaling than other options, and

there is no shelf-life issue. On the downside, gas chlorinators may not operate accurately at very low

flows (based on Water Corporation experience below 3 g/h chlorine or below 1 L/s water flow rates)

and there are OHS and public safety risks associated with chlorine gas leaks.

AS2927 establishes minimum buffers of up to 15 m for chlorine cylinders, but also includes the

requirement for additional risk mitigation if there are sensitive land-uses within 150 m. Water

Corporation DS79 and S224 establish the need to prevent public access within 30 m of a cylinder facility,

prepare landowners within 60 m, and to deploy additional risk mitigation measures if there are sensitive

land-uses within 150 m.

For ACWS, because of the challenges with mounting a timely and effective emergency response in these

locations remote from emergency services, Water Corporation has adopted the position that chlorine gas

will not be used within 150 m of residential properties or community facilities. Alternative risk

mitigation measures were considered but are not practical and/or cost effective.

3.2 ‘Commercial Sodium Hypochlorite

Sodium hypochlorite is relatively simple, and it has no buffer issues. On the downside, commercial

sodium hypochlorite (produced at 12.5% w/v) has a poor shelf-life (i.e. it is unstable and degrades), and

larger volumes are required compared to other chlorine sources (e.g. 33 kg of chlorine gas is equivalent

to 260 L of commercial hypo or 130 kg of NaCl for BEC). It is also more prone to scaling than gas, and

there are OHS risks associated with its handling because of its corrosivity. In ACWS, the OHS risks are

compounded given the distance to medical facilities.

The degradation of sodium hypochlorite increases with time and temperature. To minimise this Water

Corporat preference is to limit the age of commercial sodium hypochlorite use to within a few

weeks of its manufacture, and to include refrigerative air conditioning where it is stored in areas prone

to elevated temperatures (increasing energy consumption).

The degradation results in deteriorating product strength, the formation of gas bubbles which can gas-

lock pumps and dosing equipment, and the production of chlorate as a byproduct. The ADWG does not

currently address chlorate, so it is not currently regulated in WA; however, the World Health

Organisation (WHO) recommends limiting chlorate in drinking water to 0.7 mg/L. Water Corporation

is concerned that in remote schemes chlorate could exceed the WHO guidelines. The NHMRC has also

flagged that chlorate inclusion in the ADWG may occur within a few years.

Theoretically, a lower strength hypochlorite solution (nominally 4% to 5%) would degrade at a slower

rate, although care would still need to be taken with the age and temperature of inventories. Water

Corporation has not trialled this option and no suitable product is available in WA (unless batched as a

custom order). Other States report mixed results. Use of the lower strength product would increase opex

and also require an increase in the volume of chemical being transported to sites, which even at 12.5%

w/v is already worse than BEC, CEC or gas chlorination.

                                                     
15 Manually dosed calcium hypochlorite tablets may also be an option for use in an immediate crisis response.
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For these reasons it is recommended that Water Corporation does not introduce new commercial sodium

hypochlorite dosing facilities in ACWS (except emergency deployments where the risk of pathogens

may outweigh the risks associated with using commercial sodium hypochlorite solution in the short

term). 

3.3 Brine Electro-chlorination

BEC is a well-established technology that Water Corporation has been moving to instead of commercial

sodium hypochlorite at smaller installations where gas is not feasible. It produces a dilute sodium

hypochlorite solution from sodium chloride salt using an electrolyser. This dilute solution is then dosed

in the same manner as commercial sodium hypochlorite.

The advantages of BEC compared to chlorine gas and commercial sodium hypochlorite systems are that

there are no buffer requirements, no dangerous goods to handle, degradation and chlorate are much less

of a concern, and the volume of material (i.e. salt) to be transported is half that for commercial sodium

hypochlorite.

The advantage of BEC compared to CEC systems is that the power demand is lower, and the power

demand for batching (typically 200 to 1000 W) can usually be scheduled at times optimal for either

energy tariffs and/or the availability of solar power when fed by SAPS. 

While BEC has a better OHS, public safety and public health profile, it has some downsides:

• It has more components than any of the other options which increases it complexity, footprint

and capex requirements.

• At larger capacity sites, materials handling becomes an issue.

• Salt quality and cost can be an issue. Some electrolysers require high purity salt. Using lower

grades of salt may void warranties and lead to fouling of the electrolyser. There may also be

issues with some forms of salt p Electrolyser brands need to be selected that operate

with low cost, commonly available grades of salt.

• The softener regeneration waste should ideally be infiltrated on-site, but there is a risk that

environmental constraints at some locations may result in the need to evaporate (adding capex)

or capture the wastes in an IBC for disposal elsewhere (adding opex).

While health concerns have been raised about using salt, dosing a typical 3 mg/L of chlorine equivalent

adds less than 5 mg/L of sodium and 7 mg/L of chloride to the drinking water.

3.4 Continuous Electro-chlorination

CEC is a new technology developed by Hydrodis with significant input from Water Corporation. Unlike

BEC, which uses packaged salt, CEC electrolyses the chloride already present in the water, so no salt

needs to be delivered to site.

On the downside CEC consumes more electrical energy than BEC, and power demand cannot

necessarily be scheduled for optimal times. The process is more efficient at higher chloride

concentrations, with a practical lower limit in the order of 30 to 50 mg/L of chloride.

Based on Water Corporat experience to date, it would appear likely that CEC will be cost

competitive with other forms of chlorination. However, without long-term experience, and with only a

small number of deployments to date there is less confidence around CEC than other technologies which

have been available for decades or more. Nonetheless, given its promise, CEC is a technology of

significant interest to Water Corporation with high potential for ACWS.

CEC should only be considered for ACWS schemes where chloride is > 30 mg/L and preferably >50

mg/L, and for those schemes with SAPs where the TDS is > 300 mg/L.
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An additional point to note with CEC is that Water Corporation has observed that some types of free

chlorine residual analysers do not operate reliably downstream of CEC16. 

3.5 Technology Selection Flowchart

Figure 3-1: Technology selection flowchart

                                                     
16 Refer to DS112-02 for further information. 
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4 HOUSING
Water Corporation normally uses transportable ‘prefabricated treatment (PTMs),

incorporating a pre-stressed concrete base, for housing chlorination equipment. Water Corporation

considered seacontainers early in the development of it t tandard, but selected

PTMs because of their greater floor space17 and durability. This decision has been revised for ACWS

due to the lower cost of seacontainers and their greater transportability18,19.

The preference is for all key equipment associated with an ACWS Chlorination Module to be housed

within the seacontainer where practical. This includes the chlorinated water storage inlet flow meter, the

tee-junction between the inlet and recirculation mains, the dose points and sample points.

4.1 Use of Seacontainers

Chlorination equipment will be housed in 10ft or 20ft -c tainers20.  

Seacontainers shall be supplied as new (i.e. single trip seacontainers only).

Seacontainers and their fit out shall achieve a minimum 20-year asset life installed on site. Notably, no

timber or plywood elements shall be used in the flooring or fit out of seacontainers. 

4.1.1 Flooring

The floor of seacontainers shall comprise minimum 6 mm thick fully welded chequer plate steel. 

Dispensation may be granted at Water Corporat tion for alternate flooring materials (e.g.

compressed fibrous cement) where they have a demonstrated track record of achieving the minimum

design life.

4.1.2 Structural Reinforcement

Seacontainers shall be provided with the structural reinforcement necessary to:

• Accommodate any internal loads (e.g. pumps, filled sodium hypochlorite storage tanks) without

deflection of the seacontainer flooring, and

• Meet the wind loading requirements of AS1170.2, noting that penetrations of the seacontainer

(e.g. for personnel access door) may reduce its native strength. 

4.1.3 Coatings & Durability

The following minimum coatings will be applied to seacontainers:

• Internal metal surfaces: Water Corporation Coatings Specification A1 and D1

• External metal surfaces: Water Corporation Coatings Specification A1 and C2. Note Section

12.1 of this Design Standard details the finished colour and branding to be applied to the outside

of seacontainers to ensure they look more like process buildings.

• Any metallic mounting elements for equipment (e.g. ‘top-hat pumps, pipe-supports

etc) that is not stainless steel should also be coated according to Specification A1 and D1. 

                                                     
17 A 20ft seacontainer has about 60% of the floor space of a standard PTM. This reduction in floor space in which to fit the same amount of

equipment results in more challenges for operation and maintenance.
18 The empty weight of a 20ft seacontainer is about 2 tonnes, whereas the empty weight of a standard chlorination PTM exceeds 10 tonnes. In

most cases a 25+ tonne crane needs to be mobilised to site to lift and locate a standard chlorination PTM.
19 The exterior width of a PTM is 3.3m whereas a seacontainer is 2.4m. In some locations with poor road access the additional width of a PTM

would make site access even more challenging, especially where access tracks are narrow and fringed by vegetation.
20 For larger communities (e.g. >500 kL ADPW) and/or those with pre-filter oxidation a 40ft seacontainer may be required for BEC systems

to accommodate the larger brine and hypochlorite tanks and/or additional dose pumps and analysers. For cases with pre-filter oxidation the

filtration equipment should ideally be housed in the same 40ft seacontainer to reduce on-site works.
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Dispensation may be granted at Water Corporat tion for alternate floor treatments where they

have a demonstrated track record of achieving the minimum design life. 

The floor of BEC chlorination modules shall include measures to protect the floor from corrosion due

to spilt salt or brine such as a vinyl wrap per DS112-01.

The internal flooring of seacontainers will be completed wit -slip

4.1.4 Insulation

The walls and ceiling of seacontainers shall be lined with steel-faced, insulated panels (e.g. Bondor or

Askin panels, or an approved equivalent) of a maximum 50 mm thickness, to provide both thermal (R-

value not less than 2.0) and noise insulation. The steel facing shall be 0.6 mm minimum thickness

Colorbond/galvanised steel sheet with a white finish (to N14 AS2700). These requirements may

necessitate the use of PIR rather than EPS panels provided fire ratings can be achieved.

All walls shall have a flush internal surface, with no piers or columns, to facilitate the fixing of piping,

electrical, instrumentation and control equipment.

Care shall be taken in the wall panel fixings to avoid the possibility of bimetallic corrosion.

4.1.5 Drainage

Seacontainers will be fitted with floor drains to prevent the pooling of any water within the seacontainer.

All floor drains must be fitted with a pan and vermin proof screen and drain to an approved location.

Floor drains must be flush with the floor (i.e. no lip) and in cases where a vinyl wrap has been applied,

must be such that there can be no ingress of water between the vinyl and the floor material. 

4.1.6 Doors & Door Security

A personnel door shall be provided for each interior space within a seacontainer, other than a gas

cylinder storage space (which shall be accessed using the seacontainer end double doors). While it is

anticipated that all 20ft seacontainer layouts should be able to accommodate a personnel door, it is

recognised that this may not be feasible for some 10ft layouts.

Any door lock-barrels or padlocks shall be to t preferred pattern.

4.1.6.1 Standard Seacontainer End Doors

Where possible, the standard double doors at the end of the seacontainer should be modified so that they

can only be opened from the inside via a separate personnel door. When this is the case, the external

latch mechanisms should be removed, to remove leverage opportunities for forced entry and to reduce

the appearance of the building being a storage container. The doors shall then be secured with internally

mounted top and bottom bolts, and an internally mounted cross-bolt between the two doors. 

Where access to the double doors from the inside (via a separate personnel door) is not possible (i.e. the

only access and egress is via the double doors), one leaf of the double doors shall be converted to a fixed

leaf and the other retained as the active leaf. There is a requirement to ensure that a person can always

open a door to escape from the inside without the use of a key or a tool (AS3000 2.10.2.2). To satisfy

this the external latch mechanisms will need to be removed from at least one leaf. 

Generally, the fixed leaf should be secured with internally mounted top and bottom bolts, whereas the

active leaf should be secured with a heavy-duty stainless-steel dead-latch in the same manner that

personnel doors are secured. Alternatives may be suitable but would need to be reviewed case-by-case

to ensure that they deliver the necessary functionality and may need approval under Section 9 of the

WA Electrical Requirements.
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4.1.6.2 Personnel Doors

Each personnel door is to be a structurally reinforced, steel sheet faced, waterproof security door with

three heavy duty hinges, either recessed or with non-knockout pins, and security hinge bolts. The door

shall include a leading edge for its entire height for protection of the tongue and strike plate, and to

exclude the opportunity to use a lever to force the door open (i.e. anti-jemmy edge).

Personnel doors shall open outwards. The travel path of doors shall not be restricted by external features

on the building or any other structure.

Heavy-duty stainless-steel dead-latches, keyed to t pecification, with flush-mounted keying

cylinders, shall be used to open the doors from outside. The only external handles permitted are surface

mount handles. Doors shall be fitted with catches for holding the door in the open position, a soft-

closer, and rebound rubbers to prevent the doors swinging fully open and knocking the walls.

Switchroom doors (i.e. those accessing dedicated switchrooms) shall have crash-bar emergency exit

hardware fitted on the inside. 

Chlorination room personnel doors shall be held open with hooks for the duration of personnel working

inside and therefore do not require crash-bar emergency exit hardware on the inside. Chlorination room

personnel doors shall have a single action stainless steel (Lockwood 002) door handle on the inside,

which shall be lever action for safe egress purposes.

Personnel doors may be used to locate low level vents for the chlorination room.

4.1.7 Small Power & Lighting

Seacontainers are to be provided with internal and emergency lighting in accordance with DS28. 

LED lights are to be used, with lighting enclosures rated to a minimum of IP65.

The design shall include an external light that illuminates the area in front of the personnel access door.

The external light shall be manually activated from within the seacontainer (i.e. no external movement

sensor activation, and no external switches, to avoid attracting vandals).

All GPOs to be installed inside the chlorination building, must be RCD protected surface mounting

combination switch sockets with a degree of enclosure of at least IP56. 

A minimum of two spare single-phase GPOs shall be provided in each interior space within the

seacontainer (other than a chlorine cylinder store) for use by O&M personnel. Where power is supplied

by a SAPS, signage should be included at GPOs warning of extended usage. Where the addition of

GPOs will require an increase in the generation size of the SAPS, Water Corporation shall be consulted

for direction21.

4.1.8 Security System

In the base case, ACWS Chlorination Modules will not include a dedicated security panel. A security

panel may be recommended for some sites following a risk assessment completed by Water

Corporat pal Security Consultant. 

In the base case, all doors (i.e. personnel doors and the seacontainer end doors) shall be provided with

magnetic reed switches (Sentrol 2507AH or approved equivalent) that are hardwired to the PLC. A rate

of rise fire detector shall also be hardwired to the PLC. Any breach of security or fire detection shall

generate an alarm on the SCADA system.

                                                     
21 An option may be to include a contactor that allows for shutoff of the GPO if the SAPS battery is low.
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4.1.9 Physical Security (Other Than Doors)

Physical security enhancements (normally robust security cages) shall be provided to protect any

equipment mounted externally on seacontainers including external light/s, external components of air-

conditioning systems and external piping. 

External valves are to be avoided but if they are unavoidable, then they shall be lockable.

Any vent larger than 300 mm by 300 mm shall be fitted with a rated security screen.

4.1.10 Tropical Roof

The seacontainer should be fitted with a skillion style tropical roof (provided it can be done without

compromising cyclone rating and within road transport restrictions). A tropical roof will reduce the heat

load and pooling of water on the seacontainer roof (extending the cont

a nominal fall of 100mm across the width of the seacontainer.

4.1.11 Fire Risk Mitigation

The chlorination module design shall comply with AS3959. 

The design should address all credible fire risks (e.g. from transformers) as well as bush fire risk.

Where the bushfire attack level is BAL-40 and above, in addition to compliance with AS3959 the

following additional requirements must be completed:

• Protection of any non-metallic aboveground outdoor pipework with metallic sheath.

• Ember screening of any wall penetrations (e.g. for pipes and air-conditioner hoses) that have

gaps (where a circular probe of 2 mm diameter is able to pass through).

• Enclosure of the subfloor space and sub-floor frame to prevent the accumulation of flammable

materials under the seacontainer. The enclosure must be such that it does not increase the

corrosion risk of the seacontainer floor or sub-floor frame. 

4.2 Layout

The internal layout of the seacontainer should be as uncluttered as possible, with all piping and cabling

mounted around the internal walls of the seacontainer to provide a tidy arrangement with good access

to all components for operation and maintenance.

The layout within the seacontainer shall satisfy the minimum switchboard access and clearance

requirements of AS3000.

An unobstructed clearance of not less than 1m shall be provided in front of dosing panels, pumps and

other equipment to allow operations and maintenance access, and equipment removal and replacement.

Walkways shall be no less than the minimum width required to remove the equipment in the module,

and otherwise not less than 600mm.

For BEC chlorination modules, the dilute sodium hypochlorite tank should be installed and replaced

through the seacontainer end doors, while the personnel door shall be wide enough to accommodate the

replacement of the brine tank.

The Designer should ascertain whether it is possible to locate the tank inlet flowmeter, check valve,

recirculation cross-connection, dose point/s, and sample point in the seacontainer. This approach would

reduce the need to run dose lines and sample lines on site, would provide a more reliably operating

environment for the flow meter, and may eliminate the need for a sample pump, the dose point PSV,
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and surge diverters for the flowmeter. However, it would require more space in the seacontainer and

require running the tank inlet pipework through the chlorination module22. 

4.2.1 Switchroom

If the switchboard has an Arc Flash PPE category greater than Cat 0 as per the DS20 general design

requirements for Switchboards for Modular Package Plants, then it shall be placed in a separate room.

4.2.2 BEC and CEC Modules

For BEC and CEC designs, all equipment (other than switchboards with arc flash PPE category greater

than zero) may be contained in a single room or partitioned into separate spaces for wet and EI&C

equipment at the discretion of the Designer.

The decision to separate wet equipment from EI&C equipment should consider available floor space

and/or whether a partition is required to provide additional wall space for mounting items. If there is a

partition, then a viewing window between the two rooms is not mandatory. If there is a partition provided

solely to deliver additional wall space, then it does not need to be a full height partition. 

Where any EI&C equipment shares a space with wet process equipment then that E&IC equipment shall

be rated not less than IP56.

4.2.3 Gas Chlorination Modules

For gas chlorination designs, the chlorine gas cylinders, and related ancillaries, shall be stored in a

separate, fully partitioned, room at the double door end of the seacontainer (equivalent to the

arrangements in planset EO28).

All other equipment (other than switchboards with arc flash PPE category greater than zero) may be

contained in a single room or partitioned into separate spaces for wet and EI&C equipment at the

discretion of the Designer.

The decision to separate wet equipment from EI&C equipment should consider available floor space

and/or whether a partition is required to provide additional wall space for mounting items. If there is a

partition, then a viewing window between the two rooms is not mandatory. If there is a partition provided

solely to deliver additional wall space, then it does not need to be a full height partition. 

Where any EI&C equipment shares a space with wet process equipment then that E&IC equipment shall

be rated not less than IP56.

4.2.4 Leak Detector Sensors

Gas leak sensors shall be installed where they will not get wet; otherwise, they shall be installed under

a shield that keeps them dry.

For chlorine gas leak detectors, the preferred mounting height is 300 mm above floor level.

For hydrogen gas leak detectors, the preference is for them to be ceiling mounted (and otherwise on

walls but never lower than 300 mm below ceiling height).

4.3 HVAC

ACWS Chlorination Modules shall be provided with a combination of natural and mechanical

ventilation, and refrigerative air-conditioning systems. The objectives of the HVAC are to: 

                                                     
22 Although it offers a compact and neat solution, Water Corporation has only adopted this approach in a small number of cases to date.
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• Ensure a temperature and humidity range compatible with the operation of the electrical and

control equipment within the room, the stored chemicals, and the thermal safety and comfort of

operators,

• Ensure the atmosphere within the room remains below the OHS limits specified in the SDS for

any chemicals stored, used or produced in the room, and 

• Ensure that the atmosphere remains below the lower explosive limit with respect to any fugitive

hydrogen gas emissions from BEC and CEC systems. 

4.3.1 Ventilation 

Chlorine gas cylinder storage rooms and chlorination rooms in gas chlorine dosing systems will be

provided with ventilation as per DS70-01, DS70-20-30, and EO28. 

BEC and CEC chlorination rooms will be provided with ventilation in accordance with DS112-1,

DS112-2 and DS30-02. 

Ventilation openings shall be designed to withstand bushfire attack in accordance with AS3959, shall

use louvred vent panels as needed to exclude rain and minimise dust ingress, and shall be fitted with

tropical midge mesh inside to prevent vermin ingress.

4.3.2 Air-Conditioning 

ACWS Chlorination Modules shall be provided with air-conditioning for all rooms containing electrical

switchboards and control panels, water quality analysers, and BEC system chillers23.

The maximum allowable temperature shall be determined based on the lesser of the tolerance of

electrical and control equipment, the OHS requirements for operating and maintenance staff, or

otherwise a temperature rise in the building no greater than 6°C above ambient temperature.

Additionally, the temperature set-point should not be lower than the local dew point temperature, in

order to avoid condensation forming on walls and in electrical components24.

The internal components of the air-conditioning unit shall not be mounted directly above switchboards

(due to the risk of water dripping onto switchboards if the drain in the condensation tray gets blocked).

The external components of the air conditioning unit must be vandal proof. At a minimum they will be

provided with a robust security cage. No exposed controls or valves are to be located on the external

element of the air-conditioning unit.

The air-conditioner will be capable of restarting automatically following a power outage.

If the air conditioning unit is required to manage humidity for any of the electrical equipment, then the

ACWS chlorination module shall be provided with a humidity sensor.

As the air-conditioning will likely be one of the largest power demands in an ACWS chlorination

module, its operation should, in sites with SAPS, be biased to daylight hours as far as practicable to limit

the size of power supply battery systems. To achieve this, temperature set-points and air-conditioning

operation should be programmable for different ranges at different times of day.

If practicable, the air conditioning system should be connected to SCADA to both report faults and to

allow remote access to the set-points.

RSPs will be engaged to determine their preferred air-conditioning units.

 

                                                     
23 Water Corporation has experienced over-heating faults in the analysers, chillers, and EI&C equipment of chlorination systems, and air

compressors where they have been used in a similar environment.
24 At a first pass a temperature set-point in the range of 30oC to 35oC may be appropriate but should be assessed case-by-case.
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5 STORAGE & BATCHING

5.1 Chlorine Gas Installations

Gas chlorination systems shall be designed in accordance with DS70-20/30, DS70-01, DS70-02, DS70-

03, DS70-05, DS70-06, and EO28.

Chlorine gas cylinders shall be provided in a duty/standby pair so that an automatic changeover to the

standby cylinder can occur once the duty cylinder is evacuated25. 

Each cylinder in a pair shall be provided with its own weigh scale, vacuum regulator, drip leg and drip

leg heater, carbon column, and emergency shutoff device.

The cylinder room shall be fitted with both high and low range chlorine leak sensors.

5.1.1 Gas Storage 

The minimum volume of chlorine gas to be stored should be sufficient to meet the ADPW demand

through a full servicing interval (normally four to twelve weeks depending on the site), plus an

accommodation for a servicing delay of up to four weeks. For most ACWS sites, 33 kg chlorine gas

cylinders will be sufficient to meet this requirement.

5.2 BEC Installations

BEC systems shall be designed in accordance with DS112-01.

5.2.1 Brine Storage 

A single brine saturator tank shall be provided in ACWS Chlorination Modules. The tank will have a

hinged lid and a maximum height of 800mm as the salt will need to be manually loaded. The preferred

material is HDPE.

The brine tank shall be sized to accommodate at least the mass of salt required to meet the ADPW

demand through a full servicing interval (normally four to twelve weeks depending on the site), plus an

accommodation for a servicing delay of up to four weeks, without the need for topping up of the salt

(i.e. eight to sixteen weeks in total, depending on the site). The tank shall also include a headspace for

brine solution of not less than 100 L.

5.2.2 Brine Pumps 

Where a softener or electrolyser requires a brine pump, then a single duty pump shall be provided for

each softener or electrolyser26. 

5.2.3 Dilute Hypochlorite Storage

A single dilute sodium hypochlorite tank shall be provided in ACWS Chlorination Modules. The height

of the tank shall be as tall as practical, to reduce its footprint, without compromising access to the top

hatch or the level instrument mounted on its lid (nominally 1.2 m to 1.5 m, depending on diameter). The

tank may be GRP (to SPS498) or HDPE (to SPS497). All tank connections should be flanged. The tank

                                                     
25 Water Corporation, KRSP and PMM all configure cylinders in pairs. Otherwise, when a cylinder is exhausted an emergency call-out will be

required to change to a new cylinder. Given the frequency that would occur at, it would rapidly become cost prohibitive. Note that operationally,

RSPs might decide to run with a single cylinder for a period (i.e. in duty only mode) until that duty cylinder gets low and then add the standby

cylinder alongside it, to reduce cylinder rental costs.
26 The preferred softeners and electrolysers will probably incorporate an eductor or peristaltic pump, so a separate pump is not expected.
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should be placed in a bund sized such that 110% of the tank volume may be captured in the event of a

leak, however a portion of this may be retained within the tank below the height of the bund wall27. 

The dilute sodium hypochlorite tank shall be sized to accommodate a minimum of three days of sodium

hypochlorite at peak demand for plants where electrolysers, chillers, softeners and blowers have been

installed duty/standby, and a minimum of ten days at peak demand where equipment has been installed

without standby redundancy.

Storage tank levels will be measured with a radar instrument mounted on the tank roof. The bund will

include a high-level switch that will raise an alarm and shut-off supply from the electrolysers to the tank,

although dosing will continue until a low-low tank level is reached.

5.2.4 Softeners

All BEC modules are to include softeners on the electrolyser feed and the brine saturation tank make-

up water supply (same softener to be used for both functions), unless the source water hardness is < 20

mg/L28.

The design should include duty/standby softeners where duty/standby electrolysers are utilised. If

duplex softeners can be shown to have the equivalent reliability of a duty/standby pair, then a single

duplex softener may be utilised.

The target water quality for the softener should be a hardness of < 10 mg/L29.

Ideally, softener regeneration waste should be infiltrated on site. If this is not feasible due to

environmental constraints, then consideration should be given to disposing to any nearby sewer, or

wastewater or RO waste ponds, or otherwise to a small, dedicated, plastic lined evaporation basin30.

5.2.5 Chillers

All BEC modules are to include water chillers on the electrolyser feed. The design should include

duty/standby chillers where duty/standby electrolysers are utilised; unless the electrolyser supplier will

warrant the operation of the electrolysers for a minimum of ten days without the chiller (at the most

onerous water and air temperatures), in which case the chiller may be provided duty only.

5.2.6 Electrolysers 

For small capacity systems, it may be more cost effective to install a larger dilute sodium hypochlorite

storage tank and a duty only electrolyser (see Section 5.2.3). For most other locations it will likely be

more cost effective to install duty/duty electrolysers, because the size of the dilute sodium hypochlorite

storage otherwise required would force the design into a 40ft seacontainer. A dilute sodium hypochlorite

storage size of about 2000 L capacity is probably near a practical upper limit for a 20ft seacontainer.

Electrolysers should be sized to batch the volume of sodium hypochlorite required at AADD in less than

8 hours, and that required at ADPW in less than 12 hours. The operation of electrolysers will generally

be scheduled for (constrained to) daylight hours, although they may be permitted to run for longer

periods if excess power is available, or sodium hypochlorite tank levels are low.

5.2.7 Air Blowers

Provide duty/standby air blowers to strip hydrogen gas where duty/standby electrolysers are utilised. If

the electrolysers are fitted duty only, then the blower may be duty only.

                                                     
27 Note AS3780 does not strictly apply to sodium hypochlorite below 1% strength, and the bunding requirement derives largely from

environmental protection provisions, so there is some flexibility here (e.g. around the ‘tan t het .
28 This is only likely where RO permeate is being supplied to the ACWS chlorination module.
29 DS112 includes, and electrolyser suppliers will specify, additional water quality limits (e.g. iron, manganese).
30 Regeneration wastes are likely to be < 10 kL/a for most sites (depending on hardness and community size), so a small evaporation basin may

be feasible if there is no other option.
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5.3 CEC Installations

There are no specific storage or batching requirements for CEC installations.

5.4 CIP Facility

ACWS chlorination modules will not include a CIP facility. If electrolysers (either BEC or CEC) require

a chemical clean to remove scale, then the maintenance approach will be to replace the cell/s with

rotatable spare/s, and to undertake any required maintenance off-site at a depot facility under controlled

conditions.
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6 RECIRCULATION LOOP
As noted in Section 2, the recommended dosing configuration for ACWS schemes is a hybrid of source

water dosing and recirculation dosing. The recirculation loop is used for secondary (or ‘top-up

chlorination, while primary chlorination is at the tank inlet.

6.1 Recirculation Cross-Connection

The chlorinated water storage tank inlet pipework and recirculation pipework shall be connected with a

tee-piece. The inlet flow should be through the straight run, and the recirculation introduced via the tee.

The direction of flow for the recirculation shall be from the tank outlet to the inlet.

If the recirculation is between the outlet of an elevated tank and the inlet of a ground level tank, then the

recirculation loop shall include a motorised isolation valve31. This valve will close when the recirculation

loop is not required to operate, to prevent continuous drainage of the elevated tank through the

recirculation loop.

6.2 Recirculation Pump

The recirculation pump will be provided duty only. This is to save both space in the seacontainer and

capex. As the recirculation loop is only needed to provide top-up chlorination, and the inlet dosing can

continue to operate absent the recirculation loop, this level of redundancy is considered sufficient.

The recirculation pump will only run when there is no source water flow into the chlorinated water

storage tank (to eliminate hydraulic interference with bore pumps). The operation of the recirculation

pump will also be biased to only run in daylight hours, although overnight running will be permitted if

the chlorine residual falls low enough (see Section 0).

Ideally, the recirculation pump should be sized to recirculate the associated tank volume in 12 to 24

hours of continuous operation (although given the constraint noted above on source water transfer, and

the bias for day-time operation, it will rarely run for a full 24 hours)32. 

In some gas chlorination systems with a small storage tank, the ejector pump/s may be sufficient to act

as a recirculation pump, in which case no standalone recirculation pump will be required.

In small BEC systems, it may be possible to use a common pump to serve as both the service water

booster and the recirculation pump.

In some schemes where there is a booster pump station or sufficiently high elevated tank supplying a

community, it may be possible for this source to provide the recirculation flow. If this can be done

without compromising community supply, then a standalone recirculation pump may not be required.

In this arrangement, a motorised isolation valve would be needed to control the use of the recirculation

loop, and a Maric flow control valve may also be needed in order to provide a stable flow rate.

A maximum recirculation pump size of about 2.2 kW is likely sufficient for most cases. Should there be

the need for a larger pump, or a compelling need for duty/standby recirculation pumps, then the pump(s)

may need to be located somewhere other than the seacontainer because of space constraints.

The pump discharge shall include a flow switch, and pressure gauge.

6.3 Backflow Prevention

The tank inlet pipeline shall be provided with a non-return valve immediately upstream of the

recirculation cross-connection to reduce the risk of recirculated water being pumped back down the

                                                     
31 For designs with an automated double-block-and-bleed arrangement for bypass protection (rather than an RPZD) this function will be

provided by default, and no additional valve is required.
32 Continued recirculation and dosing over an extended period risks the accumulation of disinfection byproducts, the accumulation of sodium

in the case of BEC systems, and the depletion of chloride in the case of CEC systems. Eventually, it will make more sense to dump the contents

of the tank and refill it. A protocol to facilitate this needs to be developed with RSPs.
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source water pipeline (into bores or the water treatment plant). To protect any RO membranes from an

accidental backflow of chlorinated water, additional backflow prevention measures should be

considered where the supply to the tank inlet comes from an RO plant rather than directly from bores.

A break tank on the RO plant discharge would be the most robust option33.

The recirculation pipeline shall be provided with an RPZD or automated double-block-and-bleed on the

discharge of the recirculation pump, to prevent the accidental bypassing of source water through the

recirculation pump to customers when the recirculation pump is not running34. The automated double-

block-and-bleed is the preferred approach. It shall be located within the seacontainer to protect the

components from vandalism, UV light, and weathering.

Where an RPZD is utilised instead, it shall be sized to ensure back-pressure on the recirculation pump

is not excessive (nominally <80 kPa) at design flows but without being overly large (DN32 to DN65 is

considered a likely size). It should be mounted inside the seacontainer to protect it from vandalism.

The relief line of any RPZD or the bleed line of any double-block-and-bleed assembly should discharge

to a tundish to avoid water spillage inside the seacontainer. This tundish should be piped to drainage

outside of the building.

 

                                                     
33 A non-standard design that removed the recirculation cross-connection and had independent dosing for the tank inlet and recirculation loop

would also eliminate this risk.
34 AS3500 requires an RPZD or air-break in high-risk cross-connection scenarios. Following the National Construction Code risk assessment

process, it is possible this could be considered a medium risk (although this is open to interpretation as the application is not directly analogous)

necessitating a double check valve assembly only, but Water Corporat own water quality risk assessment processes consider supply of

unchlorinated water an extreme risk, which would therefore necessitate an RPZD. An automated double-block-and-bleed assembly would

achieve the same functional outcome with less headloss. 
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7 DOSING 
As noted in Section 2, the recommended dosing configuration for ACWS schemes is a hybrid of source

water dosing and recirculation dosing. It uses the same chlorine dosing equipment to deliver primary

chlorination on the chlorinated water storage t t, and secondary chlorination (or ‘top-up

chlorination) on a recirculation loop between the t tlet and inlet.

7.1 Tank Inlet Flowmeter

A Water Corporation approved magnetic flow meter shall be installed in the chlorinated water storage

t t pipeline. This flow meter will be used for flow pacing the chlorine dosing. It shall be located

upstream of the recirculation cross-connection. In this position it will:

• Provide a true measure of flow into the chlorinated water storage tank.

• Detect source water flow and thus trigger the switch from recirculation to inlet dosing.

• Avoid the potential for scale deposition within the sensor body that might occur if it were

downstream and exposed to incompletely mixed chemical solutions being dosed. 

The flowmeter shall be installed according to DS40-09. If it is located outside of the seacontainer, if

feasible, the preference would be for the flowmeter body to be in a securely covered pit with the

transmitter mounted remotely in the chlorination module.

7.2 Dose Point

The dose point shall be on the source water inlet pipeline supplying the chlorinated water storage tank.

It should be downstream of the recirculation cross-connection. It should be far enough upstream of the

chlorinated water storage tank such that the minimum mixing distance between the sample and dose

points noted in DS78 may be achieved.

If it is located outside of the seacontainer, equipment at the dose point shall be securely enclosed to

protect it from vandalism. A single enclosure may serve both chemical barrier protection and security

functions.

7.3 Dosing Lines

Where the water hardness exceeds 200 mg/L as CaCO3 then consideration should be given to installing

manually switched duty/standby injection dose points for BEC systems.

The dose line should be fitted with an isolation valve immediately upstream of the dose point/injection

quill, and a non-return valve immediately upstream of this dose point isolation valve.

Where a dose line exceeds 10 m in length, it should be fitted with a PSV immediately upstream of the

dose point non-return valve.

7.4 Chlorine Gas Installations

The design should follow DS70-20/30, DS70-01,-02,-03,-05,-06, and EO28.

The design shall include duty/standby ejector pumps, ejectors and chlorinators35.

The default chlorinator for chlorine gas systems will be the Evoqua V10K.

                                                     
35 The standby dosing equipment may be deleted on a case-by-case basis in agreement with the Asset Manager if the project can demonstrate

it is not warranted. As above, the gas storage equipment (e.g. cylinders, vacuum regulators, ESDs etc) will always be installed duty/standby. 
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7.5 BEC Installations

The design should follow DS112-01.

The design shall include duty/standby dose pumps and their ancillaries36. The dose pumps and their

ancillaries will be installed on a single dose panel enclosed within a two-door cabinet with a partition

separating the duty and standby equipment. The dose panel shall have a single strainer (with bypass)

and a single calibration column.

7.6 CEC Installations

The design should follow DS112-02.

The CEC cells will be located downstream of the recirculation cross-connection so that inlet flow and

recirculation flow can both be directed through a common bank of CEC cells.

For ACWS systems with an RO plant it will only be possible to utilise CEC if the RO system is fitted

with a partial bypass around the RO that blends bypassed water with the permeate37. The CEC system

should be located on the bypass line immediately upstream of the permeate blending. The free chlorine

residual sample point will be located downstream of the blend point. A static mixer may be required to

ensure the rapid mixing of the two streams.

 

                                                     
36 The standby dosing equipment may be deleted on a case-by-case basis in agreement with the Asset Manager if the project can demonstrate

it is not warranted.
37 This is usually done to both reduce the size of the RO plant and to provide some permeate remineralisation. In addition to reducing the capex

on opex associated with the RO assets themselves, it also reduces the demand on bores and the volume of concentrate that must be managed.

The intention is to incorporate bypass blending with ACWS RO systems wherever feasible.
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8 SAMPLING & ANALYSIS
The chlorination system shall incorporate a free chlorine analyser that is used for controlling the chlorine

dosing on the inlet of the chlorinated water tank and for monitoring of the chlorine residual at the outlet

of the chlorinated water storage tank.

The need for temperature, conductivity, pH, turbidity, and ORP instruments shall be assessed on a case-

by-case basis.

Additional information supporting the design of sampling systems is available in DS78.

Note that in hard water applications the analyser and its relatively small-bore piping will be at risk of

obstruction by scaling. Short of significant additional expenditure on water treatment, the only realistic

options to manage this are reactive. Therefore, the design shall ensure that the valve and piping elements

are easy to replace (e.g. in terms of access, fixings, etc.) in-situ.

8.1 Sample Points

Water shall be sampled on both the chlorinated water storage tank inlet and its outlet.

In accordance with DS70-20/30 and EO28-60-78 (chlorine gas systems), OT81-60-78.1 (CEC systems)

and OT81-60-78.2 (BEC systems), a motorised three-way valve (with limit switches to confirm position)

will direct flow from either the tank inlet or tank outlet to the analyser. An L-Port valve should be used.

The tank inlet sample point shall be downstream of the chlorine dosing point. Data from this sample

point will provide the feedback for the tank inlet chlorine dosing control. The separation distance

between the dosing point and the sample point is to achieve the minimum mixing distance advised in

DS78 for the flow velocity and pipeline diameter (or incorporate a static mixer). 

The tank outlet sample point shall be from the main supplying the community, upstream of the

recirculation pump offtake. Data from this sample point will provide information on the residual being

supplied to the community and provide feed-forward control of the recirculation chlorine dosing (if

using chlorine gas or BEC). However, CEC may also need to include the “tank inlet

in dose rate control (and thus would periodically peek at the outlet but normally receive the sample from

the inlet).

Water sampling shall be biased to tank inlet sampling when the source water pumps are operating, with

a periodic sample collected from the outlet. When the source water pumps are not running the system

will sample the outlet only (if using chlorine gas or BEC). Control logic is detailed in Section 0.

8.2 Sample Pump

A sample pump may be required to ensure that the dosing control feed-back loop on the tank inlet can

operate effectively. The requirement will be site specific and will depend on the distance between the

chlorination seacontainer and the sampling points, and the pressure available at those points.

For dosing with feedback control to work accurately the lag time between dosing and sampling should

ideally be less than three minutes. A sample pump may be required if:

• Pressure at the sample point is too low to provide the flow required by the analyser through the

nominally DN15 sample piping, or

• The residence time in the sample piping to the analyser exceeds three minutes at the flow

required by the analyser/s.

A portion of the discharge from the sample pump will bypass the analyser. The bypass line will likely

incorporate a pressure sustaining valve to maintain back pressure on the sample pump (to be assessed

on a case-by-case basis depending on selected pump requirements and site hydraulics). The bypass

stream will be returned to the tank inlet main downstream of the tank inlet main sample point. The
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portion of the flow required by the analyser will be taken as a sidestream using a throttling valve to

control the flow rate.

The sample pump will be installed duty only. Sample pump operation shall be confirmed by a flow

switch. If there is a fault with the analyser system, including the pump, the inlet dosing will revert to

flow paced dosing, without residual trim.

8.3 Strainer

A solids removal screen filter (strainer) shall be installed upstream of the analyser/s. 

The preferred strainer type and aperture shall be determined on a case-by-case basis in consultation with

RSPs. Water Corporation typically uses a relatively coarse (e.g. 0.5 mm aperture), manually cleaned,

strainer.

If using a fine strainer, or if a higher solids load is anticipated in the sample water, it is important to

ensure that material caught by the strainer does not interfere with sample water flow or create an

t In this case and given the likely frequency of site attendance when strainers

might be cleaned, automatically backwashing screen filters (as currently used by RSPs) should be

considered (e.g. Glacier Filtration F76S or similar automatically backwashing screen filter, installed

with a 24 VDC actuator and differential pressure monitoring).

Where an automatically backwashing screen filter is installed, backwash water should be discharged to

the sample water return tank.

8.4 Sample Panel

The free chlorine residual analyser should be installed on a sample panel located in the chlorination

room.

A suitably ranged clear rotameter shall be installed upstream of the analyser for adjusting flow through

the analyser sample cup.

A low flow switch shall be installed upstream of the analyser.

t talled upstream of the free chlorine residual analyser on a bypass line with

manual isolation valves. This carbon filter will be used to quench any chlorine residual in the flow and

allow a quick maintenance calibration (zeroing) of the chlorine residual analyser. During normal

operation the carbon filter will be isolated with the sample flow bypassing it.

Where an analyser is a type open to atmospheric pressure, the outlet stream shall incorporate a standpipe

with an anti-siphon fitting to ensure that the analyser is always flooded. The vent shall incorporate a

riser sufficient to prevent any overflow. For sites with high levels of chlorine in the water being analysed,

the vent shall be discharged outside of the building to reduce local corrosion. If vented outside of the

building the opening should include a tropical midge mesh or gauze cover to prevent insects and other

wildlife from entering the vent line.

The sample water circuit shall include a manual sample tap for collecting samples for off-site laboratory

analysis and/or checking locally with a hand-held instrument. The manual tap should be positioned such

that it does not destabilise the flow to the analyser when in use.

8.5 Analysers

Analyser performance is likely to be the most capricious element of an ACWS chlorination system given

the challenging source water and the infrequent visits for cleaning and maintenance of the sample system

components, and calibration and maintenance of the analyser.

Analysers will be selected in consultation with the RSP (given their experience with analyser reliability

in these challenging environments) and the Senior Principal Engineer Water Treatment, Advisory, EBU.
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Reference should also be made to the Water Corporation Chlorine Analyser Selection Guide (Chlorine

Analyser Selection Guideline Nexus#139248630).  

Generally, the RSP will be given their choice of preferred analyser for gas chlorination and BEC

systems.

The selection of analysers for CEC systems requires further consideration. Water Corporation has

experienced performance issues with some analysers downstream of CEC cells (theorised to be a

function of dissolved hydrogen gas) so only some analysers will be deemed compatible (and the analyser

must be installed downstream of a degasser).

For cases of particularly hard water, some success has been reported with bare electrode free chlorine

analysers fitted with hydrodynamic bead cleaning cups and these should be considered in cases of hard

water (while these units are more tolerant of hard water, they require a stable pH though, and this should

be factored into selection).

8.6 Analyser Sample Water Return 

The outlet stream from all analyser/s, except those where a reagent is added, shall be collected in a return

water tank and pumped back to the chlorinated water storage tank inlet downstream of the sample point. 

The return water tank shall have a minimum capacity of 100 litres. It shall be fitted with a vent and with

an overflow pipe directed to site drainage. The return water tank shall be vented outside of the

seacontainer to reduce local corrosion (the tank should be sealed, including the use of glands for

penetrations, to prevent the escape of chlorinous fumes into the seacontainer). The vent discharge shall

include a tropical midge mesh or gauze cover to prevent insects and other wildlife from entering the

vent line.

The sample water return pumping package will be controlled from integral level switches for return

water tank high level and return water tank low level. The pump shall be supplied with electricity from

a GPO and will not interface with the control system. The sample water return pump shall be installed

duty only.

A high-high level switch shall be installed in the return water tank to report to SCADA when the tank

is overflowing. The analyser system will not shutdown in the event of an overflow of the return water

tank; the analyser system will continue to operate as normal, and the return water tank will simply

overflow to site drainage until the problem is rectified.

 

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/139248630
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/139248630
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9 ANCILLARIES

9.1 Service Water 

Depending on the technology selected, a service water supply may be required for the ACWS

Chlorination Module.

• Chlorine gas systems require a service water supply for their safety shower and eyewash. Water

used for the safety shower/eyewash unit needs to be of potable quality.

• BEC systems require a service water supply for their eyewash, and for flushing and process

water. Water used for the eyewash unit needs to be of potable quality.

• CEC systems do not require a service water supply (provided no CIP system is installed, or site

descaling is planned).

Where service water is required, the preferred source would be a reticulated gravity supply (if available).

9.1.1 Service Water Booster Pump

The ACWS chlorination module may require a service water booster pump package depending on the

available flow and pressure in the service water supply. The Designer shall evaluate the need for a

service water booster pump package on a site-by-site basis. 

If a service water booster pump package is required, then the Designer shall size the booster pump

package on the flow and pressure requirements of the most onerous realistic combination of operations

demanding service water at the same time. 

The service water booster pump package shall be located within the ACWS chlorination module and

shall be provided duty only. The booster pump package shall be installed in parallel with an online

bypass that incorporates a non-return valve (to ensure a degree of supply continuity in the event of loss

of operation of the booster pump package).

9.1.2 Service Water RPZD

A service water RPZD38 shall be used to prevent backflow of chemicals or associated streams into

potable water services. BEC and chlorine gas systems will likely require a service water RPZD i.e. they

have both potable water services (safety shower/eyewash) and non-potable services (chemical batching

and dosing systems).

Water usage connections associated with non-potable use (e.g. process water for electrolysers, make up

water for brine saturators, hose reel) shall be located downstream of the service water RPZD to protect

upstream services from contamination.

The service water RPZD should be mounted inside the seacontainer to protect it from vandalism. To

provide visibility of operation the relief valve of the service water RPZD shall discharge into a tundish,

that in turn drains outside of the building. The drain outlet shall include a drain flap to prevent ingress

of insects. If space requirements make it impractical to install the RPZD within the seacontainer, it shall

have pipework connection points for mounting outside the seacontainer and mounting points for a

protective mesh gauge, both of which shall be transported loose inside the seacontainer for installation

on site. The mesh cage shall have a lockable panel that can be opened/removed to provide access for

servicing the RPZD.

9.2 Safety Shower & Eyewash

All chlorine gas modules are to include a safety shower and eyewash unit. 

                                                     
38 Not to be confused with the recirculation loop RPZD.
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All BEC modules shall be provided with an eyewash unit only (a safety shower is not required as CIP

systems are not being provided). It should be noted that the absence of a safety shower for BEC modules

will preclude the future use of any chemicals on those sites for cleaning or other purposes.

CEC modules will not be provided with either an eyewash or safety shower (as CIP systems are not

being provided). It should be noted that the absence of a safety shower and eyewash for CEC modules

will preclude the future use of any chemicals on those sites for cleaning or other purposes.

If it is decided during the design process that BEC or CEC operations and maintenance will include

onsite cleaning chemical use and/or descaling will be undertaken, then the requirement for an eyewash

and safety shower shall be assessed by the Designer with reference to OHS requirements, DS79-02,

AS4775, and AS3780.

Safety shower and/or eyewash units shall comply with the requirements of DS79-02, AS4775, and as

relevant AS2927 or AS3780. The only deviation is that the overhead green light noted in DS79-02 will

only be activated when the seacontainer doors have been opened.

The safety shower and/or eyewash unit shall be fitted with a flow switch to alarm its use to SCADA.

Potable water shall be used to supply the safety shower and eyewash unit/s (i.e. the supply off-take shall

be located upstream of any non-potable services RPZD).

Ideally, the safety shower and/or eyewash unit will be located within the seacontainer to protect it from

vandalism, provided it can be done within the separation limits of relevant Australian Standards. If

located inside the seacontainer, then the seacontainer floor drainage will be designed accordingly.

If the safety shower and/or eyewash unit is located outside, then the pipework shall be lagged for thermal

protection and fitted with a thermo-static relief valve.

9.2.1 Hose Reel

BEC modules shall be provided with a hose reel to allow equipment to be flushed prior to disassembly.

9.3 Fire Extinguisher

ACWS Chlorination Modules will include a wall mounted portable fire-extinguisher located inside the

module in accordance with AS2444, unless the Designer in consultation with the RSP determines, as is

likely the case, that fire-extinguishers carried by RSPs in their vehicles can provide adequate fire risk

mitigation.

9.4 Storage

Storage space should be provided on site for PPE, hard water test strips, critical spares, etc. RSPs may

elect to delete storage from the scope and rely on equipment (including SCBA in the case of gas

chlorination systems) carried in their O&M vehicles.
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10 BALANCE OF PLANT

10.1 Pipework

Design and installation of pipework shall be in accordance with the requirements of design standard DS

31-01 Pipework - Mechanical.

10.1.1 Pipe Sizes

The design should minimise the number of pipe sizes to reduce spares holdings.

10.1.2 Pipe Materials

All pipework shall be Schedule 80 PVC-U in accordance with ASTM D-1785.

The pressure rating of the PVC-U shall be de-rated for service temperatures above 20°C. Where valves,

flanges, fittings, or other components are added to the pipework, the line shall be de-rated to the rating

of the lowest component in the line.

10.1.3 Pipework Jointing

The pipework shall be solvent welded except the tank to pipework connections and pipework to

equipment connections, which shall be flanged wherever possible. The use of threaded fittings shall be

avoided wherever possible. If threaded connections must be used, threads must be new, sharp, and

secured with a high-quality Teflon tape. Dismantling joints are to be provided as needed to facilitate the

removal and replacement of dosing spears and pumps.

To ensure leak-free pipework, the solvent welded pipe joints shall be made with care and strictly as per

the manufact tallation instruction and the WS-2 Welding and Jointing specification. PVC-U

cleaner/primer shall be utilised for all solvent welded joints. Over-applying the solvent cement to the

joints should be avoided as excess glue can reach the interior of the pipe and restrict flow.

The solvent cement used for these joints shall be Tangit DTX.

10.1.4 Hoses and Tubing

Where used, flexible hose material shall be compatible with the chemical. The preferred hose type is

braided clear PVC (potential for leaks is minimised when procuring as a system of the hose and matching

connectors e.g. as offered by the pump supplier as a pump accessory39) with AS4020 approval or

international equivalent40. 

10.1.5 Pipework Supports

All pipework shall be supported at specific intervals depending on the pipe wall temperature, the density

of the flow medium, the pipe diameter and wall thickness, and the stress loading on the pipeline. The

pipe manufacturers typically provide published data in their design guides and will be able to advise on

the spacing of the supports.

All supports shall be constructed of materials suitably resistant to sodium hypochlorite such as PVC,

FRP, PE, or 316 stainless steel. Mild steel supports shall not be used.

                                                     
39 AS4020 approval is not required for hose supplied as part of the dosing pump system because these hoses are specified based on being

compatible with the chemical rather than specified for contact with potable water.
40 AS4020 has international equivalents such as NSF/ANSI 60 and 61 in the United States, BS 6920 in the UK, and DVGWW270 in Germany.

These standards are designed to ensure that materials and products used in drinking water systems do not negatively impact the water's quality,

taste, or appearance.
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All pipework less than DN50 that is less than 200mm from the floor shall be provided with protection

in the form of kickplates, unless clear of walkways.

10.1.6 Pipework Coating 

All pipework shall be colour coded in accordance with Water Corporat tandard Colour Coding

for Pipework (EG71-1-1) for ease of identification. 

All above ground PVC pipework outside of the seacontainer shall be painted with at least two coats of

approved water based, UV-resistant, acrylic exterior paint.

10.1.7 Pipework Testing 

All pressure pipework shall be hydrostatically pressure tested in accordance with AS4041 before being

commissioned. Unless specified otherwise the pipework should be tested to 1.5x the maximum design

pressure. Care shall be taken to remove or isolate equipment from the lines which cannot be safely tested

to the same pressure as the pipework.

10.2 Mechanical

Mechanical design will be in accordance with DS30 series of Water Corporation design standards. 

Where equipment is not nominated here then it should be selected from Water Corporat trategic

Product Register or agreed otherwise.

Due to floor space constraints, the preference is for vertical pumps or compact horizontal pumps. Pumps

will need to be laid out so that they can be removed manually (through the personnel door or seacontainer

end doors), or where the weight is unacceptable for a manual lift, with mobile equipment (e.g. trolley

jack / mobile floor crane / portable lifting jib / cantilever hoist).

10.2.1 Recirculation Pumps

Recirculation pumps shall be Grundfos CRN (or approved equivalent).

10.2.2 Chlorine Gas Ejector Pumps

Chlorine gas ejector pumps shall be Grundfos CRN (or approved equivalent).

10.2.3 Sodium Hypochlorite Solution Dosing Pumps

Sodium hypochlorite solution dosing pumps shall be Grundfos DDA-FCM.

Grundfos DDA-FCM dose pumps may either be serial connected to the PLC with Modbus TCP or

hardwired with a 4-20 mA input signal for flow rate (determined by the PLC), a 4-20 mA output signal

for flow rate (determined by the FCM), and digital I/O for pump available, fault, run and stop.

10.2.4 Sample Water Booster Pump

To save space in the seacontainer, sample water booster pumps shall be as small as practicable. Pumps

with 316 stainless steel wetted components are preferred.

10.2.5 Sample Water Return Pump

To save space in the seacontainer, where flow and pressure conditions permit, Designers should consider

a Grundfos Unilift or similar. Where a submersible pump is mounted in the sample water return tank

the tank volume should be increased accordingly.
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10.2.6 Service Water Booster Pump

To save space in the seacontainer, service water booster pumps shall be as small as practicable. Pumps

with 316 stainless steel wetted components are preferred. The preference would be to avoid the use of

pneumatic accumulator tanks (p tanks) where possible due to the risk of failure with

infrequent maintenance.

10.2.7 Valves

All valves inside the seacontainer to be Georg Fischer to suit Schedule 80 PVC-U.

Automatic valve actuators will be 24 VDC electric only (i.e. no pneumatic valves). They shall be

provided with associated limit switches to confirm position. Limit switches may be hardwired or serially

connected to the PLC. Power and control cables should be provided with a means of disconnection that

facilitates replacement by a mechanical fitter (rather than a District Electrical Technician).

Any valves located outside the seacontainer should be locked with an approved padlock.

10.3 Electrical

Electrical design will be in accordance with the DS20 series of Water Corporation design standards. 

10.3.1 Switchboards

Switchboards are expected to below 50A and to be designed and delivered in accordance with the

dispensations available in sections 3.9 (small modular treatment plants) and 3.11 (proprietary package

equipment) of DS20. If a switchboard will exceed 50A, then a discussion is to be held between the

Senior Principal Electrical Engineer, Advisory, EBU and the Asset Manager to determine if further

dispensation is permissible.

Switchboards are to have a minimum rating of IP56 if installed in a wet-room, or IP41 if installed in a

separate electrical switchroom.

10.3.2 Decontactors

Except for critical safety equipment which is not permitted to be unplugged at any time (e.g. leak

detectors or ESDs), GPOs, industrial plug/sockets or decontactors shall be provided for all equipment

to facilitate ease of isolation and replacement in the field (i.e. without the requirement for an electrical

technician). No administrative controls shall be used where elimination or an engineered solution is

practicable41. 

10.3.3 Lightning Protection and Earth Bonding

Earthing design shall be in accordance with the requirements of DS22/DS20. A lightning risk assessment

shall be conducted in accordance with AS1768 and protection measures implemented to ensure the

overall risks are within tolerable levels. Note that treatment plants and stand-alone power systems are

both considered distributed facilities within AS1768.

10.3.4 Surge Arresters

Surge arresters shall be provided for all analogue signals and all digital signals originating/terminating

external to the seacontainer.

                                                     
41 An industrial socket/plug is only permitted if a separate switching device isn’t required. If it is required, then a decontactor will need to be

used, notwithstanding the allowance within AS3000 for use of an industrial socket/plug with warning signage.
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10.3.5 Uninterruptible Power Supply 

An Uninterruptible Power Supply (UPS) shall be provided to supply backup power to critical

components (specifically the PLC, communications systems, instrumentation including leak detectors,

ESDs, and security system) for a minimum of 24 hours. The UPS shall be configured so that it can be

disconnected without interrupting the power supply to the chlorination module. Note that if power is

being supplied from a SAPS that is located close to the ACWS Chlorination Module, then a 24VDC

supply maybe provided directly to remove the requirement for a separate UPS.

10.4 SCADA

The control cubicle will be separate from the power supply cubicle.

10.4.1 Operator-Interface-Panel (OIP)

Local plant cont touchscreen OIP mounted on the control cubicle. A Water

Corporation approved OIP shall be used.

10.4.2 Programmable Logic Controller (PLC)

Water Corporat preferred PLC for applications such as these is the Siemens ET200SP. Operational

Technology (OT) have indicated that they may accept an alternative, however, the default PLC will be

the Siemens ET200SP unless agreed otherwise with the Manager OT Acquisitions.

10.4.3 SCADA Server

The SCADA Server shall be selected at the discretion of the RSP. It is expected that each RSP will have

their own SCADA arrangements.

ACWS chlorination systems will not be mapped to UWSS. Alarm and condition monitoring will be

provided by the RSP. Water Corporation data capture will be via access to the RSP SCADA system.

ACWS chlorination systems may be mapped to UWSS at a future date42.

10.4.4 Remote Terminal Unit (RTU)

RSPs may nominat ther communications gateway, as needed to interface with their

SCADA system. The RTU must have Modbus capability for connection to the PLC, preferably with

TCP/IP.

10.5 Civils & Site Installation

10.5.1 Location 

The location of the ACWS Chlorination Module on site shall satisfy the following requirements:

• The base of seacontainer shall be located above the 1:100-year AEP flood level,

• It t protect

bushfire fuel loads are kept very low to reduce bushfire risk),

• It should be placed at least 3 m inside the site security fence,

• It should be placed as close to the tank inlet dose point as practical to minimise the dosing

control loop time (unless the dose point has been incorporated with the chlorination module),

and 

                                                     
42 As they may be mapped to UWSS in the future, the use of the Siemens ET2000SP should ensure that any future UWSS integration will be

relatively seamless.
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• Where feasible, it should be oriented to avoid rain ingress into open doorways (from the

prevailing wind direction).

10.5.2 Anchorage and Foundation

The seacontainer shall be placed on concrete footings or a concrete slab. The seacontainer shall not be

placed directly on the ground, because of the increased likelihood of corroding the steel framing and

floor members. To further reduce the potential for corrosion of the steel framing and floor members, the

design shall eliminate areas where water can pool against steelwork (e.g. from rainfall, seacontainer

drainage, or safety shower operation) and shall limit opportunities for damp dirt to accumulate against

any steelwork.

The design shall also limit the opportunities for the accumulation of leaf litter or debris around, beneath,

or on top of the seacontainer, to reduce the likelihood that bushfire embers could start a fire that impinges

on the ACWS Chlorination Module.

The seacontainer anchorage and foundation design shall be to AS 1170.2 for the wind region the

seacontainer will be installed in. The design shall address:

• Depth of footing and/or slabs below ground level, and their overall dimensions,

• Level and type of reinforcement of the footing and/or slabs,

• Procedures for dealing with moist clay soils and preparation,

• Compaction, fill grade if any and depth of fill,

• Concrete grade and aggregate for the footings, which shall comply with the relevant standards,

noting that concrete strength is to be 32 MPa minimum, and

• Details of the hold-down fasteners required to satisfy AS 1170.2.

Fasteners and metalwork shall be suitable for achieving the required design life in the environmental

conditions at the site in accordance with AS4312. Factors to consider are described in AS4312 and

include the natural environment (e.g. humidity, airborne salt), micro-environment/micro-climate and

industrial pollutants (e.g. hydrogen sulphide at a WWTP). At high corrosivity sites, additional surface

protection to steel (or the selection of more durable materials) shall be provided to achieve the required

design life.

To reduce siteworks, pre-cast foundation elements may be considered provided that they can achieve

the requirements of this section.

10.5.3 Ramps, Steps and Apron

Where there is a step-up into the seacontainer that exceeds 250 mm in height then steps shall be provided

as needed in accordance with AS1657.

For gas chlorination modules the cylinder load-in bay / footpath level shall be as close as practical to

the same level as the base of the lip on the door frame. Where this is not the case ramps may be used

with a slope that does not exceed 1:20.
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11 PROCESS CONTROL

11.1 Overview 

All source water being transferred to the chlorinated water storage tank will be chlorinated prior to entry

to the tank (i.e. inlet chlorination). A flow signal in the storage t t main will initiate this primary

chlorination.

For chlorine gas systems, chlorine solution will be dosed into the inlet main using ejector pumps, gas

ejectors and chlorinators.

For BEC systems, a dilute hypochlorite solution will be dosed into the inlet main using digital dosing

pumps.

For CEC systems, the full inlet flow to the tank will be directed through a bank of CEC cells where

hypochlorous ion will be produced in-situ via electrolysis.

The primary chlorination dose rate will be controlled via a feedback loop from a downstream sample

being provided to a free chlorine residual analyser.

If there is a fault with the sample system, or analyser, the primary chlorination will revert to flow paced

dosing using the flow signal from the tank inlet and a setpoint that has been pre-determined from

chlorine demand data for the water source.

The free chlorine residual analyser will also, periodically, be provided with a sample from the

chlorinated water storage tank outlet. If the residual at the tank outlet is below target, then a “top-up

chlorination sequence may be initiated.

If top-up chlorination is needed and the primary chlorination is not operating, the double-block-and-

bleed that prevents bypass will open and the recirculation pump will start up and circulate water from

the t tlet back to its inlet, past the chlorination dose point in the case of gas and BEC systems,

or back though the CEC cells in the case of CEC systems. A top-up chlorination dose may then be added

to the recirculating water as needed. 

If top-up chlorination is needed and the primary chlorination is operating, the recirculation pump will

not start up, however the setpoint chlorine residual will be revised by adding the top-up chlorination

dose on top of the primary chlorination dose for a pre-determined period.

Top-up chlorination will continue until the appropriate residual is measured at the tank outlet, or a top-

up chlorination timer, that sets the maximum period of top up chlorination without operator review,

expires (to avoid over-chlorination). 

If the transfer of source water is initiated while the recirculation pump is operating, the recirculation

pump will shut down, and the system will revert to primary chlorination.

The double-block-and-bleed that prevents bypass will close whenever the recirculation pump is not

operating.

11.2 Differences to Normal Practice

Like normal Water Corporation practice, all source water being transferred to the chlorinated water

storage tank will be chlorinated prior to entry to the tank (i.e. inlet chlorination). A flow signal in the

storage t t main will initiate this primary chlorination.

The main differences between the process control in ACWS Chlorination Modules and normal Water

Corporation chlorination practice are:

• ACWS Chlorination Modules include a recirculation loop (with double-block-and-bleed) and

top-up chlorination, in addition to primary chlorination.
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• ACWS Chlorination Modules include logic to limit some functions to daylight hours, when

solar power is available, unless critical limits are reached.

• ACWS Chlorination M panc to try and identify significant

calibration issues with chlorine residual analysers.

• ACWS Chlorination Modules include an over-ride function for the normal Water Corporation

practice of automatically shutting down a water supply in response to a chlorination system

failure i.e. ACWS Chlorination Modules provide a Poor Water Quality alarm, but it does not

trigger shutdown of the water supply.

• Some ACWS Chlorination Modules include an automated backwash for analyser screen filters.

11.3 Dosing Logic

When source water is being pumped into the chlorinated water storage tank, the logic used for primary

chlorination will essentially be Water Corporat tandard chlorination logic as described in DS70-

20 – Small Chlorination Systems Water – Control Functional Description.

When source water is not being transferred, if the tank outlet chlorine residual falls below a nominated

setpoint, the recirculation pump may start (provided there are no time-of-day power consumption

restrictions in play), and top-up chlorine dosing may be initiated.

Dosing of the source water will have priority. If the recirculation pump is running and top-up

chlorination is underway, and the transfer of source water begins, the recirculation pump will stop, and

the dosing system will switch from top-up to primary chlorination. Recirculation and top-up chlorination

may recommence if needed once the source water transfer has ceased.

11.3.1 Dosing Set-Point (Primary Chlorination)

The dose rate for the primary chlorination (on the source water supplying the chlorinated water storage

tank inlet) should be set at the greater of:

• The dose rate needed to ensure minimum Ct is achieved at the tank outlet at ADPW (Average

Day of Peak Week demand),

• The dose rate needed to deliver the desired tank outlet residual at the residence time equal to the

AADD in the tank. 

The top-up chlorination function will be used to make-up any shortfall in residual at the tank outlet,

particularly where the residence time exceeds that at AADD. 

11.3.2 Dosing Set-Point (Top-Up Chlorination)

The top-up chlorination dose rate will be determined based on the measured outlet residual.

The dose rate should equal the shortfall between the target residual and the measured residual at the tank

outlet. This will be a slow process to bring the residual chlorine up but will also avoid overshooting.

11.3.3 Dosing Logic (Primary Chlorination)

Primary chlorination will be initiated by the flow of source water into the chlorinated water storage tank.

The dose rate will be trimmed based on feedback control from the free chlorine residual analyser

sampling the tank inlet to achieve the pre-determined setpoint.

In the event of a known fault with the free chlorine residual analyser the primary chlorination will revert

to flow paced dosing using the source water flow signal and a password-protected setpoint dose rate (a

predetermined fixed dose rate calculated from the measured, site-specific chlorine demand data)

manually input into the control system at the time of commissioning.
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11.3.4 Dosing Logic (Top-up Chlorination)

Top-up chlorination will be initiated by a low chlorine residual at the tank outlet. Top-up chlorination

will be inhibited in the event of a known fault with the free chlorine residual analyser.

The top-up setpoint is calculated from a residual measured at the tank outlet and then the dose is trimmed

based on feedback from the tank inlet residual to achieve the top-up set-point at the inlet, and

periodically review the residual at the tank outlet. The residual trimming is the same logic as the primary

chlorination43.

As noted above, top-up chlorine could be dosed via recirculation or added on top of the primary

chlorination dose. In all cases top-up - timer (nominally 2 hours) and

in all cases a hard upper limit on dose rate will be applied.

When the tank outlet residual reaches a low level, restricted top-up chlorination will be called. In

restricted mode the top-up chlorination can either be dosed on top of the primary chlorination dose, or

via recirculation during daylight hours (i.e. to save solar battery storage). When the tank outlet residual

reaches a low-low level, unrestricted top-up chlorination will be called (irrespective of time of day).

11.3.5 Discrepancy Alarm

The dosing logic will include a discrepancy alarm to help identify significant calibration issues with the

free chlorine residual analyser.

When dosing the source water, measured flow x (measured chlorine dose - known initial chlorine

demand) for the source should roughly match the analyser result. If they don’t match, there could be:

• Problem with measured flow.

• Chlorine demand different to expected.

• Dose pump/system delivering wrong dose.

• Analyser delivering inaccurate information.

Note that this will be difficult to implement with schemes with multiple bores or varying bore water

quality.

11.4 Generic

All generic functions (i.e. those that are independent of the chlorine source e.g. general alarms, power

fail, security, mains water flow, dose rate control etc.) shall be as per DS70-20. 

11.5 Gas Systems

All functions relating specifically to gas systems (e.g. leak detection, emergency shut-off, cylinder

management etc.) shall be as per DS70-20.

11.6 BEC Systems

Water Corporation does not currently have a generic functional description for BEC systems. General

requirements are outlined in DS112-01, the FCDs from Donnybrook WTP and the West Bullsbrook re-

chlorination facility may be utilised in the interim for indicative guidance on BEC batching

management, and the Water Corporation FCD for sodium hypochlorite may be used for guidance on the

dosing system.

                                                     
43 This logic has not been used by Water Corporation before. It should be reviewed and revised in the development and FAT of the first ACWS

chlorination modules.
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11.7 CEC Systems

Water Corporation does not currently have a generic functional description for CEC systems. General

requirements are outlined in DS112-02, and the Horrocks WTP FCD may be utilised in the interim for

indicative guidance on CEC cell management.

11.8 Sampling & Analysis

Chlorine residual monitoring (including three-way valve control) should be in accordance with DS 70-

20 other than as noted above in Section 11.3. When dosing on the tank inlet, the sampling and analysis

will be biased to the inlet, with an hourly check on the outlet residual. When dosing in recirculation the

sampling and analysis will have a half-hourly check on the outlet residual. When not dosing the sampling

and analysis will continuously sample from the outlet.

11.9 Auto-Shutdown

A Water Quality Poor alarm should be generated in accordance DS 70-20, however there will not

necessarily be an automatic isolation of water supply to the community. Instead, the auto-shutdown

function will be provided with an operator activated over-ride. 

The over-ride will have a prescribed run timer (default: 24-hour duration). When the time expires auto-

shutdown will be executed unless over-ridden again, in which case the timer will restart. This will allow

operators to continue to supply water to a community in the event of a chlorination failure, as requested

by DoH. The requirement to deliberately over-ride the auto-shutdown will act as a prompt for operators

to assess the risk and issue necessary notifications to the community. 
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12 SIGNAGE & LABELLING

12.1 Seacontainer Finishing & Branding

Measures must be taken to ensure that ACWS Chlorination Modules look like process buildings, as

seacontainers attract malicious attention because it is often assumed that items of value are stored within.

The outside of the ACWS Chlorination Module seacontainer is to be completed with a white finish (to

N14 AS2700). 

It is recommended that the seacontainer is then clearly signed on both long sides in large lettering (at

least 30cm high) wit ter Corporat p the p Insert

Community Name] Community Drinking Water Supp t tecting Your Drinking

Water Supp this signage is to make it as clear as possible that the ACWS Chlorination

Module seacontainer is part of the water supply system and not simply a random storage container.

12.2 Pipe Labelling

All pipework shall be identified and labelled in accordance with DS 79-04 Signage Labelling and

Markers. Pipe labelling shall clearly identify pipe contents (e.g. potable water, service water, chlorine

solution, sample water, sample return water etc) and direction of flow.

12.3 Safety Signage

The ACWS Chlorination Module shall be supplied with the signage required by the individual standard

for the relevant chlorination type (DS70 series for gas; DS112-01 for BEC and DS112-02 for CEC).
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