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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 Australia’s Work Health and Safety (General) Regulations 2022 (dmirs.wa.gov.au)

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

Head of Engineering

This document is prepared without the assumption of a duty of care by the Water Corporation. The document is not intended to
be nor should it be relied on as a substitute for professional engineering design expertise or any other professional advice.

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

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

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

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

Any interpretation of anything in the Standards/Specifications that deviates from specific Water Corporation Project
requirements must be referred to, and resolved by, reference to and for determination by the Water Corporation’s
project manager and/or designer for that particular Project.
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1 INTRODUCTION

1.1 Purpose

This document explains the reasoning behind the Water Corporation’s design and installation requirements
for its continuous electro-chlorination (CEC) facilities and provides specific information relating to the
Corporation’s preferences and best practices which have evolved over years of experience.

1.2 Scope

This document applies to chlorination using on-site generation of chlorine by electrolysis of the background
chloride concentration in the water and is specific to the use of Hydro-dis CEC units.

1.3 Standards

1.3.1 Australian & International Standards

AS 1111.1
AS 11123
AS 1170
AS 1214

AS/NZS 1170.1
AS 1158.3.1

AS 1318
AS 1319
AS 1345
AS 1680.2.4
AS 1688.2

AS 2032
AS 2293.1

AS 3500

AS 3780
AS 3879

AS 3953
AS 4020
AS 4041
AS/NZS 4087

ISO metric hexagon bolts and screws — Product grade C — Bolts
ISO metric hexagon nuts — Product grade C
Structural design actions — General principles

Hot—dip galvanized coatings on threaded fasteners (ISO metric coarse
thread series)

Structural design actions — Permanent, imposed and other actions

Lighting for roads and public spaces — Pedestrian area (Category P)
lighting — Performance and design requirements

SAA Industrial safety colour code

Safety signs for the occupational environment
Identification of the contents of pipes, conduits and ducts
Interior Lighting — Industrial tasks and processes

The use of ventilation and air-conditioning in buildings — Part 2:
Ventilation design for indoor air contaminant control

Installation of PVC pipe systems

Emergency escape lighting and exit signs for buildings — System
design, installation and operation

National plumbing and drainage code (provision of backflow
prevention devices)

The storage & handling of corrosive substances

Solvent cements and priming fluids for PVC (PVC-U and PVC-M)
and ABS pipes and fittings

Construction of buildings in bushfire-prone areas
Testing of products for use in contact with drinking water
Pressure piping

Metallic flanges for waterworks purposes

Uncontrolled if Printed
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AS/NZS 4680 Hot-dip galvanized (zinc) coatings on fabricated ferrous articles
AS 4775 Emergency eyewash & shower equipment

1.3.2 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 27 Regulating Valve Control

DS 28 Water and Wastewater Treatment Plants - Electrical

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

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

DS 78 Chemical Dosing

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

DS 79-04 Chemical Signage Labelling and Markers

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
WS-2 Welding & Joining Specification — Thermoplastics

Strategic Products Register

1.4 Background Information

Continuous electro-chlorination (CEC) is technology for onsite production of low concentration
hypochlorite/hypochlorous acid from the background concentration of chloride in the water.

The Water Corporation has collaborated with Hydro-dis on development of CEC technology and has a
Preferred Supplier Agreement (PSA) for CEC cell purchases at cost plus 10%. The Water Corporation project

Uncontrolled if Printed Page 10 of 44
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team shall procure the CEC cells! under this PSA and then “Principal supply” them for incorporation into the
works.

The first installations of CEC at the Water Corporation were a temporary trial of an early protype at Babakin
(re-chlorination) in 2007 and a full-scale implementation at Horrocks? (oxidation and primary disinfection)
in 2023.

The generally accepted electrolytic reaction in low TDS water is the production of hydroxyl radicals at the
anode that then oxidise the chloride ions present to produce chlorine (in the form of hypochlorite ion)’.
Significant laboratory testing and field testing has confirmed that the products produced are hydrogen,
chlorine (hypochlorous/hypochlorite) and hydroxyl ions and that any cathodic reaction is minimal.

The hypochlorite ion (OCI") exists in equilibrium with hypochlorous acid (HOCI). The relative concentration
of these two disinfectant species depends on pH.

OCI_(aq) + HxOq) s HOCl(aq) + OH (g

Figure 1-1 illustrates this equilibrium. Hypochlorous acid is the stronger disinfecting species. The
equilibrium favours hypochlorous acid at pH less than 7.5. (Note that “CL” should be read as “CI” in Figure

1-1)
100 % —F—_ 0%
75 | s t 25
- A
S 50 0
* o
25 + 75
0 = 100
4 5 6 7 8 9 10 1N
pH

Figure 1-1: Equilibrium of Hypochlorite Ion & Hypochlorous Acid

Electro-chlorination provides a useful alternative to chlorine gas or bulk sodium hypochlorite in certain
treatment applications.

The primary advantages of continuous electro-chlorination compared to other chlorination options are:

e Zero offsite risk buffer.

e Hypochlorite is generated on demand avoiding issues related to decomposition (gas locking of
dosing lines, chlorate formation).

e Requires inputs of only water and electricity for operation, plus the chloride obtained from the natural
background concentration in the source water.

e Simple to operate.

e Does not increase TDS or sodium ions and marginally increases pH (typically 0.1 — 0.2 pH units).

e Better public perception, especially in localities where chemical dosing is viewed negatively.

! There is not currently any other available CEC equipment suited to primary chlorination at a municipal scale.

2 Horrocks CEC commissioning and optimisation report: https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/181646634

3 The terms ‘chlorine’ and ‘hypochlorite’ are used interchangeably in this document. In the context of CEC they both refer to the hypochlorite
ion and hypochlorous acid produced in the CEC process in terms of equivalence to that produced by dissolving chlorine gas into solution.
Chlorine gas equivalents are a standard approach for comparing different chlorination techniques.
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e FEliminates manual handling commonly associated with chlorine gas, sodium hypochlorite, and salt-
based batching electro-chlorination systems.

The primary disadvantages are:

e Hydrogen gas is generated at the electrodes as a by-product. Explosion risks are managed by a
combination of piping/ventilation design (to minimise the risk of the explosive gas accumulating)
and instrumented safety systems.

e The electrodes may require periodic cleaning that may include chemical cleaning.

e The electrodes require replacement at 5 to 7-year intervals or 20,000 hours service depending on
source water quality and the applied energy density to achieve oxidation and disinfection targets.

e Headloss (15 kPa across the CEC cell) since all the flow passes through the electro-chlorinator cells.

1.4.1 CEC cells

The black coating on the surface of the electrodes in the CEC cell (see Figure 1-2 and Figure 1-3) acts as the
catalyst for the oxidation process. This coating protects the titanium substrate from oxidation when it is an
anode and allows the production of hypochlorite from relatively low TDS water, using the chloride ions
naturally present in low concentrations (down to 30 mg/L chloride). The coating is on the outside of the inner
tube and on the inside of the outer tube. It is mechanically fragile, so care should be taken when dismantling
and reassembling the cell as the coating can be easily damaged. The coating is a proprietary Mixed Metal
Oxide (MMO) and contains platinum group oxides (Ruthenium, Iridium and Titanium) in specific ratios. It
is a catalyst of ceramic nature. Coating life expectancy is more than 20,000 operational hours provided there
is periodic cleaning of the cells and no physical damage to the coating.

The coating decreases in performance over time as the catalyst gradually irreversibly blinds with scale. This
causes the voltage required, to attain the necessary current, to gradually increase as the catalyst efficacy
slowly deteriorates. Monitoring that voltage change will indicate the overall condition of the cell coating and
can be used to predict the cell life. Once the maximum available voltage is applied, the current will begin to
decrease with a corresponding drop in hypochlorite production, indicating cell replacement is necessary. The
old cell should be returned* to the supplier for refurbishment (removal of spent catalyst and the application
of a new catalyst is a multi-stage process including firing in a furnace).

4 Note that the supplier (Hydro-dis) has agreed to cover the cost of the freight to return cells for recycling.
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Figure 1-2: Sectional view of a V15-R- CEC cell.
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Figure 1-3: Plan/sectional view of a V15-R CEC cell.
Note that the “R” in the cell model number indicates that the cell has reversible polarity.

1.5

1.6

1.7
1.7.1

Related Drawings

Refer to section 10.

Water Corporation’s Level of Service (LOS)

Disinfection is critical and mandatory to the production of safe drinking water. Redundancy provisions are
therefore critical and are covered in section 1.7.4.

For primary disinfection sites, a failure of the chlorination system shall initiate automatic stoppage of flow
in the water main being dosed.

Design Philosophy

Process selection

The advantages and disadvantages of continuous electro-chlorination relative to chlorine gas and bulk sodium
hypochlorite are discussed in section 1.4.

Continuous electro-chlorination may be practical in instances where there is sufficient background
concentration of chloride in the water. It must be noted however that although continuous electro-chlorination
requires no salt to be purchased, the electricity component of operating costs can be high because chlorine
generation is less electrically efficient at the low chloride concentration in fresh water (Note: the minimum
required chloride concentration is 30 mg/L for the V and V-R series of Hydro-dis CEC cells). For this reason,
continuous electro-chlorination applications will generally be limited to installations with capacity up to
2.5 ML/Day, beyond which the electricity component of the operating costs becomes a dominant factor
resulting in whole-of-life costs higher than for brine electro-chlorination (BEC). Note that BEC may be
financially preferable at smaller plant capacities where power supply is stand-alone/off grid because hypo
batching can be scheduled for daylight hours to minimise size of the battery energy storage system. Refer to
section 13 for indicative information on CEC power consumption at various salinities.
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The V15-R cell type has a minimum capacity based on the minimum hydraulic throughput of a single CEC
cell (1.5 kL/hour, which is equivalent to 36 kL/Day). Although this design standard prefers to standardise on
V15-R to minimise spares holdings, plants with capacity less than 36 kLL/Day could consider using V5-R
cells (minimum flow rate 0.4 kL/hour i.e. about 10 kL/Day).

Continuous electro-chlorination eliminates manual handling and minimises supply chain risk because there
is no salt to add or chemicals to be loaded. Table 1-1 provides a guide on circumstances suitable for
continuous electro-chlorination (CEC) and/or brine electro-chlorination (BEC).

Table 1-1: Process selection guide

Capacity < 2.5 ML/Day Capacity > 2.5 ML/Day
Background chloride < 30 mg/L BEC BEC
Background chloride > 30 mg/L CEC (or BEC) BEC

Capital cost estimation — Factors potentially in favour of CEC are relatively small footprint for equipment,
no need for salt or chemical deliveries, and reduced ancillaries compared to gas, BEC, and sodium
hypochlorite facilities.

Operating cost estimation/electricity — The electrical efficiency of electro-chlorination is proportional to the
chloride concentration in the feed to the electrolyser. Since brine electro-chlorination (BEC) uses brine,
electrical efficiency is high (4.1 to 4.4 kWh/kg Cl,) whereas CEC using background chloride has relatively
low electrical efficiency (Horrocks CEC oxidation dose is 3.6 to 6.5 kWh/kg Cl, and CEC disinfection dose
is 7 to 8 kWh/kg Cly). Note that the higher the background chloride concentration, the better the electrical
efficiency of CEC; hence, electrical efficiency is expected to vary between sites and even within a site (e.g.
if an oxidation CEC unit consumes chloride, then a subsequent disinfection CEC unit will have less remaining
chloride). Refer to section 13 for information on how power consumption (electrical efficiency) varies with
TDS and with choice of operating voltage.

A relative advantage of CEC (compared to BEC or concentrated sodium hypochlorite dosing) is that it does
not increase the salinity or sodium content of the water being treated (though his may only be an advantage
where the source water has marginal salinity and/or high sodium content).

Note that a DAR template for chlorination projects (Nexus # 45587152) is available for use in selecting the
preferred form of chlorination.

In reverse osmosis (RO) applications with a side stream (e.g. brackish water RO), then consider the
opportunity to operate CEC on the side stream to take advantage of the electrical efficiency from the
relatively higher chloride concentration in the side stream than in the blended water downstream of the RO.
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1.7.2 Design Requirements

1.7.2.1 General

WaterTreatment
Tachnology

Figure 1-4: Photo showing CEC cells (note: arrangement not entirely consistent with this design standard)
Layout of all equipment shall allow for safe and simple removal for maintenance. For optimal
efficiency, the TDS of feed water should be greater than 300 mg/L. Water quality data’ is required for
each water source for design purposes along with target criteria (e.g. chlorine demand and dose rates).

Table 1-2: Critical Operating Parameters of V15-R cells

Critical Operating Parameters
Parameter Minimum Maximum
TDS 100 mg/L No upper limit in practice/not established
Chloride 30 mg/L No upper limit in practice/not established
Flow Rate 1.5 kL/hr/cell 6 kL/hr/cell
Current No minimum 200 Amps
Voltage No minimum 80 Volts

Table 1-3: Cell Operating Voltages of V15-R cells

Recommended Voltages
TDS (mg/L) Applied Voltage (V), direct current
100 - 500 48
500 - 2000 24
>2000 12

5 The critical parameters are TDS and chloride. Other parameters relevant to design include chlorine demand and the
concentration of hardness, carbon dioxide and dissolved metals that will be oxidised.
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The background salinity determines the achievable chlorine dose rate (refer to section 13 for guidance), which
becomes especially relevant when high dose rates of chlorine are required for oxidation. The required number
of CEC cells is primarily determined by the hydraulic flow rate, and the chlorine dose rate is achieved by
varying the applied voltage, though where high doses are required (e.g. for oxidation of high iron
concentrations) then the dose may be achieved by a combination of higher voltage and additional CEC cells
(i.e. lower hydraulic throughput per cell).

Additional standby cells are used to maintain production when a cell is taken offline for polarity reversal
(refer to section 1.7.4). The interval between polarity reversal depends on the feed water quality and can vary
from several hours in high iron source waters to greater than 24 hours in clean water.

1.7.2.2 V15-R Series Feed Water Pretreatment Requirements

Dissolved carbon dioxide above 60 mg/L may contribute to the formation of organic acids (e.g. oxalate) and
facilitate co-precipitation of metal hydrates on the anode which can negatively affect CEC energy density
and power management. Therefore, to remain below this CO, concentration, design shall be based on a
maximum tolerable concentration of carbon dioxide in the feed water of 50 mg/L. Higher than this CO»
concentration may require de-gassing to reduce feed water to not exceed 50 mg/L CO,. Note that maximum
CO; concentration of 50 mg/L is subject to other factors such as throughput, caustic dosing (pH), power
setting to the cell(s) and will require assessment during the planning stage. Programming the PLC to limit
the maximum power (using standard PID functions such as Dose Rate High to set the high current limit)
applied to the cells to a lower figure such as 50% (refer to 1.7.2.9) minimises the effect of CO, on the
operation of the cells. Lower power settings also improve the oxidation efficiency of the process by
minimising unwanted reactions, these generally being the production of organic acid by-products directly
related to CO; concentration in the feed water. This optimal power setting for triggering polarity reversal can
be determined® during commissioning. The polarity reversal feature of the V-R series effectively minimises
the effect of organic acids and metal hydrates in the CEC process.

When considering alternatives for carbon dioxide removal, note that aerators (e.g. tray aerators) which
involve surfaces and/or splashing may introduce risks of Legionella growth and transmission, plus risk of
Melioidosis in tropical and sub-tropical areas. Alternatives that avoid/minimise these risks include:

e Borefield collector tank, which allows carbon dioxide to be released during entry and during the
hydraulic retention time within the tank (note that for effective mass transfer, from the water into the
tank headspace, it is important that the carbon dioxide concentration in the tank headspace stays
relatively low (i.e. close to background atmospheric CO» concentration) such as by ensuring ample
passive ventilation in the tank); or

e Aecration tank with air injected via membrane diffusers.

Lessons from Horrocks WTP:

e The aeration tank required considerable maintenance. CEC energy density did not significantly
change when aeration was not operated, and it was considered that the overall WTP operation was
more reliable without aeration following the development and installation of the V-R cell; hence,
aeration was discontinued’.

6 This optimisation is based on avoiding the majority of competing and/or unwanted reactions. If CO, concentration is low, then
the main unwanted reaction is electrolysis of water, though this tends to cause a relatively minor reduction in electrical efficiency
of producing chlorine (e.g. between 50% and 90% of the power supply capacity there is typically about a 10% reduction in
chlorine production efficiency). The general rule for setting this is PID achieving 50% max power since most of those reactions
occur above the 50% power figure. During commissioning, the average run time to reach 50% power is measured and the optimal
power setting then becomes a compromise between selecting higher power setting to achieve a reasonable run time (e.g. at least
1.5 hours) and optimal chlorine generation efficiency (which typically reduces above 50% power).

7 Although aeration has been switched off, the feed water still flows through this open-topped vessel, so it is possible that some
CO; liberation still occurs.
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1.7.2.3

1.7.2.4

1.7.2.5

1.7.2.6

e The sodium hydroxide dosing point was re-located downstream of (the aeration tank and) CEC
which lessened scaling problems.

Upstream screens

Provide screens prior to the CEC cells (unless an upstream treatment process e.g. ultrafiltration has provided
an equivalent function) to prevent any foreign objects (e.g. large grit, stones and fibres) from bridging the
annular gap in the cells. Maximum tolerable suspended solid size is 1.5 mm diameter. The recommended
screening aperture is 1 mm (and not more than 1.5 mm) since too small an aperture risks quickly clogging
the screens. Selection of self-cleaning screens versus a manual strainer shall be based on risk assessment of
the solids loading, so that maintenance requirements are minimised, and maintenance interval kept long (e.g.
no more frequent than 3-monthly cleaning of a manual strainer).

Flow measurement and control

Combined flow - Magnetic flow meters shall be provided for monitoring each of the combined inflow and
combined outflow.

Minimum flow — Flow detection shall be provided for each cell in the form of a variable area rotameter fitted
with a position switch® mounted at the minimum® flow rate (1.5 kL/hour) required for the cell. The flow
detection is to provide an alarm to ensure each cell receives their minimum flow velocity to avoid excessive
fouling!® (that may occur at flow rates lower than 1.5 kL/hour). High iron concentrations are likely to stain
rotameters making them difficult to read though the low flow detection function is not impaired; hence, in
high iron applications, non-invasive flow measurement/detection methods may be considered as an
alternative to rotameters with a low flow position switch.

Maximum flow - An orifice flow restrictor (e.g. Maric) shall be installed on the pipework for each cell to
ensure that the maximum flow rate per cell (6.0 kL/hour, model specific) is not exceeded.

Inlet and outlet manifolds

The hydraulic design shall balance the flow rate between cells so that the instantaneous flow rate for each
cell is within £5% of the average flow rate for all cells (calculated from the feed water magflow meter divided
by number of cells in production mode). This is to be achieved by ensuring the headloss along the inlet and
outlet manifold is minimal relative to the headloss through each of the parallel cells.

The material for the pipework shall be Schedule 80 uPVC.

The cells are designed to have high internal flow velocity to be self-cleaning of any oxidised solids and scale.
However, flushing points on the inlet manifold are worthwhile because periodic flushing can mitigate
accumulation of solids.

Conductivity analyser

A risk assessment should be undertaken to assess whether there is any credible cause of low conductivity in
the feed water. Given that this risk is site specific, a conductivity analyser has not been included in the
standard P&IDs. If the risk assessment indicates low conductivity is possible, then an inline conductivity
analyser shall monitor the feedwater to indicate whether sufficient chloride is available for continuous

8 This type of flow measurement is based on providing adequate reliability, whereas experience using insertion type flow meters
in CEC plants is they have low reliability.

° The minimum and maximum flow rates are model specific, though this design standard standardises on V15-R cells for plants
with capacity of 36 kL/Day and above.

10 Low flow combined with high energy density increases processes of deprotonation (i.e. splits water molecules), partitions
dissolved gases from the aqueous phase (which reduces cell surface area in contact with water), and in parallel increases water
temperature.
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1.7.2.7

1.7.2.8

1.7.2.9

electro-chlorination. A Low conductivity alarm provides a warning to operators and a Low Low alarm (set
at 200uS/cm) is interlocked to halt operation, to protect the electrolyser cells.

Feedwater conductivity is only problematic when very low (<200uS/cm) and this is indirectly monitored via
applied voltage (and therefore current) compared with chlorine residual. In general, when the conductivity is
low enough to cause a problem for the cell, very little chlorine would be generated and would be shown in
maximum applied voltage with low chlorine residual. Cell coating life may be reduced when the conductivity
is less than 200uS/cm and the cells are run at maximum power for extended periods.

Cell type

This design standard is based on the V15-R cell type (V-series, reversible). Standardisation provides benefits
including minimisation of spares holdings and interchangeability between sites.

There are two types of Hydro-dis CEC cells:

e U-series operate on individual charging of each plate in a parallel plate array, and thus can operate
with minimum chloride concentration of 10 mg/L.

e V-series have an annular arrangement and operate on induction, and require a minimum background
chloride concentration of 30 mg/L.

V-series cells are used as the basis for this design standard because although U-series cells generate more
chlorine than V-series in higher TDS waters and can operate in lower chloride (10 mg/L) feed water, they
require more maintenance for scale removal from the electrolyser plates. V-series cells are generally not
impacted by hardness, especially with reversible polarity power supplies. Reversible (V-R) cells!! perform
better and foul less.

There are three sizes of cell (V15, V10 and V5) with the V15 being twice the length and therefore providing
twice the chlorine production capacity compared to the V10. Both V10-R and V15-R have the same hydraulic
capacity with the same minimum and maximum flow conditions.

Cell arrangement
Each cell shall be installed vertically and operate hydraulically in parallel with the other cells.

Plants with up to three duty CEC cells (capacity up to 400 kL/day) shall be provided with an individual power
supply and switching for each cell (per cell is practical and cost effective for achieving the redundancy
requirements only for smaller plants). Capacities above three duty cells may be considered for single cell
trains where the range of flow rates is better managed in increments of single cells than with cell pairs (i.e.
this would trade off the lower capital cost of cell pair trains for the flexibility of single cell trains).

Plants with more than three duty CEC cells shall operate with cells in pairs. Each cell pair is served by an
individual power supply and switching gear.

Note that use of multiple small power supplies, rather than a large common power supply, has lower cost
associated with the power supply, cabling and switchgear, plus provides a greater level of redundancy.

Cell operation

Each cell shall have a motorised ball valve (complete with position limit switches) for isolation. Rotation of
cells (or cell pairs) shall occur automatically by means of PLC control.

Automatic control shall adapt the number of cells on-line to the feedwater flow rate, to ensure that the cells
operate within their target flow ranges. For oxidation chlorination, consider achieving high velocity
(compared to disinfection chlorination) to minimise scaling and clogging from oxidised solids by adjusting
number of cells online so that cell flow rates are close to their maximum of 6 kL/hour/cell.

! Reversible cells might not be necessary in seawater CEC. Consult cell vendor for advice in seawater applications.
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1.7.2.10 Electrical safety

1.7.2.11

1.7.2.12

1.7.2.13

1.7.3

The bare electrical connections for each CEC cell are able to operate at up to 80 V DC, though normal
operating range is 12 to 24 V DC and in some applications up to 48 V DC. An easily and quickly removable
clear rigid plastic sheet (e.g. Perspex) shall be installed in front of the electrolyser cells as a shield for
protection from exposed wires and bare electrical connections'?. Refer example of Perspex cover in Figure
1-4.

Maintenance strategy

Cells shall receive a periodic full service achieved by dismantling each cell (to be swapped out and serviced
offsite e.g. at a district depot; servicing may be undertaken by the Region once properly trained by Hydro-
dis) and the removed cells once serviced then become spares for use at other CEC sites in the district served
by that depot. Sufficient spares shall be provided to facilitate the program of offsite servicing. Refer to section
12 for maintenance procedures. In “disinfection only” applications, 12-monthly servicing is recommended
and for aesthetics/oxidation applications (such as in the example of Horrocks), 6-monthly servicing is
recommended.

Degassing device

The outlet manifold of the CEC cells shall incorporate a degassing device designed to remove hydrogen gas
bubbles and vent the hydrogen outside the CEC building above roof level. The purpose of the degassing
device is to provide optimal safety downstream of the CEC dosing system, though the hydrogen
concentration is sufficiently small that the inherent safety risk is low to moderate. However, if using an open-
air downstream treatment process (e.g. a clarifier) for which it is considered having an upstream degassing
chamber is unnecessary, then that open-air treatment process may be used to liberate the low concentration
of hydrogen present in the water. In those circumstances, hydrogen can be removed from the chlorine
analyser sample water with a smaller degassing chamber on the analyser sample line or alternatively by
collecting the sample from downstream of the open-air treatment process.

Outlet temperature

A temperature transmitter has not been included in the standard design. The cells are rated to 70°C and thus
in potable water applications would normally operate at much lower temperatures than they are rated for.
High temperature may occur due to low or no flow conditions; hence, the standard design includes protections
against low flow with flow detection provided for each cell and the flow meters for the combined inflow and
combined outflow (refer to section 1.7.2.4). At maximum flow of 6kL/hr the average temperature rise is 3 to
5°C.

Hydrogen Gas

The Lower Explosion Limit (LEL) of hydrogen gas in air is 4% v/v. Hydrogen gas is generated as a
by-product of electro-chlorination and therefore any vents from process pipework shall discharge outside of
the building to atmosphere in a location above roof height, away from likely sources of ignition. Venting
outside ensures that there are no “external” (i.e. external to pipework) hazardous areas within the building.
The concentration of hydrogen formed in the electrolytic cell depends on the applied energy density
(electrical current relative to water flow rate) and the cathode surface area.

Cell design, installation and operation above the minimum flow rate ensures that hydrogen cannot accumulate
in the cell. Appropriate CEC system design also reduces hydrogen masking of the electrodes. Masking will
reduce overall efficiency of the system.

The stoichiometry of the electrochemical reactions indicates that the number of moles of hydrogen produced
is the same as chlorine produced and given the ratio of the molar mass of hydrogen to chlorine, then the mass

12 Extra low voltage
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1.7.3.1

1.7.3.2

1.7.4

(or concentration) of hydrogen formed is expected to be 5.7% of the chlorine produced (e.g. if 1 mg/L of
chlorine is produced, then 0.057 mg/L of hydrogen is produced). Consequently, the concentration of
hydrogen produced is relatively small when electrolysing fresh water, but it will be important to ensure that
hydrogen does not accumulate in any locations downstream e.g. provide air valves on local high points of
pipework, and provide a high degree of natural ventilation to any downstream storage tank with the tank inlet
preferably arranged to promote liberation of hydrogen from the surface of the water rather than a low level
inlet pipe to the tank. Note that the hydrogen concentration for in-line re-chlorination (e.g. dose rate of about
1 mg/L of chlorine) will be so low that no additional provision for hydrogen liberation is required before
supply to a customer service connection.

Depending on the concentration of metals in the raw water, oxidation chlorination may require significantly
higher chlorine dose rates than used for disinfection, which will result in higher rates of hydrogen generation.
If there are high rates of hydrogen generation, then the preferred arrangement is to liberate hydrogen at the
filters rather than in the downstream clearwater tank. This would favour selecting filters that are open to
atmosphere, such as Continuous Wash Upflow Filters (e.g. DynasandTM filters) with vents in the cover on
each filter.

Electro-chlorinator Room Ventilation

To manage hydrogen risk in the event of leakage of the chlorinated water, the electro-chlorinator room must
have effective ventilation in accordance with section 2.5.

Leak Detection and Alarming

Hydrogen can only be released inside the electro-chlorinator room if there is a water leak as the entire process
is closed pipe, unlike BEC. Therefore, monitoring flow discrepancy into and out of the electro-chlorinator
room will detect any water leakage'® within the room, which is used to infer potential release of hydrogen
into the room. Monitoring flow to detect water leakage removes the need for hydrogen detectors. Hydrogen
detectors are expensive and require specialised regular calibration and are not considered necessary in CEC
applications.

Alarms and shutdown interlocks are described in section 8.

Redundancy

Continuity of dosing is necessary to providing continuity of water supply. Potable water systems are
generally required to have on-line duty/standby (i.e. N+1, which is N plus a standby in case of equipment
failure) equipment for all critical equipment (pumps and electrolysers) — this requirement shall be
identified/confirmed in the Approved Requirements Baseline (ARB) workshop. The decision on level of
redundancy for reuse systems shall be based on acceptable downtime of the effluent disposal system (e.g.
upstream risks such as effluent storage overflow; downstream risks such as turf dying).

Redundancy is a necessary part of providing continuous operation. Ordinary redundancy requirements
(catering for both polarity reversal and standby requirements) shall be:

e [f one power supply per cell, then the number of cells is N + 2 (which is N + standby in case of
equipment failure + standby to allow operation when a cell is taken offline for a minimum of 15
minutes for polarity reversal).

e [fone power supply per pair of cells (i.e. operating in pairs), then the number of cells is N + 4.

13 Minor leakage that is within the accuracy of the flow meters is unlikely to reach the LEL for hydrogen i.e. if each flow meter
operates within +/- 0.5% accuracy, then an undetected 2% flow discrepancy (for the largest credible CEC plant capacity, dosing
20 mg/L into a flow of 2.5 ML/Day) would take at least 18 hours to reach LEL if no hydrogen escaped the room (volume 27
m?), but LEL would not be reached when room ventilation is installed in accordance with section 2.5.
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A potential exception is for sites where the hydraulic capacity of the CEC system significantly exceeds the
water demand, resulting in downtime'* for polarity reversal not constraining ability to achieve the target
production volume (i.e. that may result in it being feasible for the number of cells to be N + 1 where there is
one power supply per cell, and N+2 where there is one power supply per pair of cells).

These ordinary requirements are based on the following considerations:
Online cells

e There are minimum and maximum flow requirements per cell, which results in the capacity being
achieved through multiple cells operated in parallel. This results in partial redundancy through
partition of capacity across N operational cells.

o If one power supply per cell, then N = roundup[capacity/ maximum flow per cell] i.e. N =
roundup|[capacity/(6 kL/hour)].

o If one power supply per pair of cells, then N = 2 x roundup[capacity/(2 x maximum flow per
cell)] i.e. N = 2 x roundup[capacity/(12 kL/hour)].

Polarity reversal

e Fouling management through reversal of polarity (triggered when the current reaches 50%° capacity
of the power supply for that cell or pair of cells) requires a downtime of at least 10 minutes (shall be
set at minimum 15 minutes) before re-energising. This requires at least a spare pair of cells (or spare
cell if there is a power supply per cell) so that N cells are always available for operation.

o If one power supply per cell, then provision for polarity reversal requires N + 1 cells.
o If one power supply per pair of cells, then provision for polarity reversal requires N + 2 cells.

A standby cell is brought online to replace the cell that will undergo polarity reversal, which will be
taken offline (i.e. valve closed, and cell de-energised when the valve reaches the Closed position)
once the standby cell achieves its minimum flow rate. The cell is left idle for at least the setpoint
downtime and will return to service when required to respond to increased feed flowrate or to replace
another cell that requires polarity reversal.

Classical standby

e Redundancy is also required for downtime due to maintenance, repair or replacement of a power
supply, pipework or a cell. This may require a further spare pair of cells unless the available water
storage is sufficient to manage the expected duration of the reduced capacity from a pair of cells
being unavailable until the maintenance/repair/replacement work is completed (including allowance
for the time between detection of the equipment failure and when an unscheduled maintenance visit
is able to occur). In potable water treatment plants, to ensure peak capacity can be achieved, across
periods such as weekends and public holidays, the requirement for a standby pair of cells will apply
even for locations close to their maintenance depot.

Total cells

e Given the above, the total number (i.e. for polarity reversal and standby requirement) of installed
cells will be:

o If one power supply per cell, then the number of cells is N + 2.

o If one power supply per pair of cells, then the number of cells is N + 4.

14 Note that interval between reversal of polarity (i.e. length of operating cycle) depends on the feed water quality i.e. the interval
determines the number of times per day that a cell will be offline for a minimum of 15 minutes for polarity reversal.
15 Note that in circumstances where the interval for polarity reversal is found to be very long (e.g. greater than 24 hours), then it
may be practical to select a lower current threshold for polarity reversal, which would have the benefit of better electrical
efficiency (i.e. averaged over the interval between polarity reversals) thereby minimising electricity usage and costs.
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2.2

TREATMENT BUILDING

General

Given that CEC systems will generally not have capacity exceeding 2.5 ML/Day (refer to section 1.7.1), then
the least cost approach for CEC systems is typically to factory build them within a pre-fabricated building.
General requirements that apply to pre-fabricated treatment modules can be found in the construction
specification, PTM (Nexus # 101394855). Note that PTM is an editable template and requires customisation
for the type of treatment/chemical specified.

e Action: Designer/Specification author to customise the PTM template for the project.
The function of the building is:
a) To protect the equipment inside from UV degradation, excessive temperature, and rain;

b) Protect bare electrical contacts from potential causes of short-circuiting such as dust and wildlife
(this also protects wildlife); and

¢) To safeguard the assets in line with the Corporation’s security principles'®.

Layout and Design

If possible to fit a separate switchroom within the prefabricated building, then the electrical switchboards
and OIP/control cabinet shall be in a separate room from the dosing area, which maximises electrical safety
and equipment life. There is no requirement!’ for a viewing window between the switchroom and the dosing
room i.e. the concentration of sodium hypochlorite produced is so low that there is no safety requirement for
remote operations conducted from the OIP while viewing dosing equipment through a window.

A minimum unobstructed clearance of 1.0 m shall be provided around all sides of equipment that require
maintenance access (i.e. the 1 metre clearance is only required on the sides that personnel need to be located
during maintenance — in many instances this will only be on one side of the equipment), plus consideration
given to a greater clearance where maintenance activities require it. Provide a minimum of 2.1 m vertical
clearance in locations where personnel need to stand or walk.

Offset of the CEC cells from the wall/panel shall be sufficient for ergonomic access to bolt/unbolt the flanges
at either end of each CEC cell.

The internal layout shall be as uncluttered as possible with all piping located around the periphery of the
building to give a tidy arrangement with good access to all components for operation and maintenance. The
internal walls of the room shall be designed to minimise the number of protrusions and thereby provide as
much flush wall space as possible to facilitate wall mounted equipment, instruments, switchboards (where
the Senior Principal Engineer Water Treatment has approved switchboard installation in the dosing room),
control panels and simplify pipe and cable routing. The piping shall also be appropriately located to allow
easy access to equipment and valves and facilitate unobstructed cleaning of the work areas. It is preferred to
design layout to avoid ramps; however, where this is not practical then include ramps at changes in floor
level for easy moving of equipment in and out of the building.

The building, inclusive of doors and ventilation openings shall be designed to withstand bushfires in
accordance with AS 3959. Further details on mitigation of bushfire attack risk are described in the
construction specification, PTM (Nexus # 101394855).

16 DS62 Site Security, Public Safety and Emergency Treatments.
17 A viewing window would allow observation of the actuated valves operating correctly, but this can also be observed on the
OIP since there are limit switches on the valves.
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The building shall also be designed to exclude wildlife, insects, and vermin. Measures shall include door
seals, tropical midge mesh on ventilation openings, and brushware around the edges of roller shutters to
impede the ingress of vermin. Floor drainage shall be protected by both a grille on the floor inlet and a drain
flap on the outlet of the drainpipe (note that the drain flap is required even when discharge is underground in
a soakwell).

The building shall be designed so that equipment can be removed and replaced through a doorway.

Materials of Construction

Choice of building materials will need to consider the architectural and security requirements at the site.
Consideration should be given to materials and colour (i.e. high reflectivity, light colours) of wall panels,
roof and doors including their insulation features and seals to minimise transfer of outdoor heat into the
storage and dosing room.

Lighting

Internal lighting and external entry lighting shall be provided, all with easy and safe access for lamp
maintenance. These lighting levels and other characteristics shall be designed to the requirements of DS28.
The building shall be equipped with internal emergency lighting with battery backup.

Ventilation

Ventilation rationale and requirements are described in the following sub-sections.

Hydrogen explosion risk mitigation

It is essential that the electro-chlorinator room has effective ventilation (i.e. compliant to section 2.5.3) to
reduce the risk that potential hydrogen leakage accumulates to an explosive concentration.

Chlorinous fumes

Although sodium hypochlorite fumes are considered Type A effluent as defined in AS 1668.2, the
concentration of sodium hypochlorite formed using background chloride concentration will generally be so
low as to be considered chlorinated water (i.e. even a 20 mg/L chlorine concentration is only a 0.002% m/V
solution) rather than sodium hypochlorite solution. If no leaks are present in the system and any spills are
cleaned up thoroughly, then natural ventilation complying with AS 1668.4 will be sufficient to manage
chlorinous fumes and corrosion within the dosing room.

To avoid corrosion within the building from release of chlorinous fumes from contents of the analyser water
recycling tank, it shall be vented to outside the building and entry pipes into this tank shall be through gland
seals.

Ventilation system design

Ventilation shall be accomplished in accordance with the Water Corporation’s mechanical standards (refer
to DS30-02). Natural ventilation is preferred over mechanical ventilation for continuous ventilation
requirements as it does not require redundancy considerations, nor does it incur running costs.

The ventilation system design shall comply with the requirements of AS 1668 and incorporate the following
key features:

a) The minimum total area (wall and roof vents combined) of natural direct ventilation external openings
shall be 10% (based on a Class 8 building) of the floor area in the room to be ventilated.

b) Openings for natural ventilation should be positioned on opposite sides of the room to maximise cross-
draught. Consideration should be given to enhancing natural ventilation rate by positioning inlet vents
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on the side of building exposed to prevailing winds. Openings shall consist of louvred vent panels to
exclude rain and minimise dust ingress with tropical midge mesh inside to prevent vermin ingress.

¢) Openings for natural ventilation shall be provided at high and low levels to maximise the benefits of
thermal effects and to minimise heat accumulation. The high-level vent shall not be located any lower
than 0.5 m from the ceiling and be as high as possible (the higher the better) to avoid accumulating
hydrogen gas at any level in the room.

Doors

The specification, including the security features, of the doors and door framing shall be in accordance with
modular specifications PTM (Prefabricated Treatment Modules) and SDH (Security Doors and Door
Hardware).

Personnel Doors

Personnel doors shall be designed to meet the required fire rating. They shall open outwards, and the travel
path of the doors shall not be restricted by external features on the building or any other structure. A heavy-
duty hydraulic-operated door anti-slam closer/dampener'® shall be provided for each door leaf.

Switchboard/control rooms shall have crash-bar emergency exit hardware fitted to all hinged doors (internal
and external entry doors).

Normal entry to each room shall be by personnel doors, which will provide access to open any roller doors
from the inside wherever practical. This is to avoid having external locks on roller doors.

Security

Site Security and Public Safety

Installation of a new treatment building at an existing site will trigger a wider site security assessment to
determine if the security and public safety environment has changed since the site was originally constructed.
This may highlight additional security needs outside of the treatment module that the project team must
incorporate into overall designs or work packages. This may include the requirement for upgrades to, or
additional, fencing, barriers, security systems or surveillance systems.

Please refer to the Security Functional Scope developed for the project for specific security or public safety
requirements at the site.

Refer to modular specifications PTM, SDH, SID and SIR for technical detail related to security and fire
treatments that may be required in the construction of the continuous electro-chlorination facility.

Security Alarm

Where a dedicated intruder detection system is not installed at the site, the module must have an industrial
grade, security-rated magnetic reed switch installed on each leaf of any external doors or external cabinets
that registers as a security alarm on the SCADA HMI.

Surveillance devices - CCTV

The designer shall undertake risk assessment for the site (refer to the security functional specification). Note
that sites without a local security response capability (i.e. remote from depot) may benefit from being able to

'8 The use of domestic grade closers is considered inadequate and not recommended, especially in areas subject to windy
conditions.
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access imagery following triggering of a security alarm to be able to determine an informed internal and
external response.

WATER SAMPLING AND ANALYSIS

Most sites will have single duty sample point, and if a sample pump is required it would be single duty, and
a single duty chlorine analyser. Redundant sampling and analysis'® equipment should be considered for sites
where it is critical to ensure continuous water production.

Sampling Point

Unlike the dosing of concentrated chemicals into a recipient water main, there is minimal requirement for
mixing downstream of the electro-chlorinator cells if the entire plant flow rate passes through the CEC cells.
The chlorine sampling point shall be located on the common pipework immediately downstream of the
hydrogen degassing vessel. However, if the CEC cells operate on a bypass stream, then the sample point will
need to be located sufficiently downstream to ensure thorough mixing with the main process stream (refer to
DS78 for guidance on mixing distance).

Where CEC is used for disinfection, then a three-way valve shall allow the chlorine analyser to be supplied
with a sample from the clearwater tank outlet e.g. the three-way valve would allow monitoring of the tank
outlet when the disinfection system is not running (i.e. when there is no inflow to the clearwater tank). A
similar arrangement is required when CEC is used for oxidation (refer to section 3.2.1.1) though the reason
is for flushing the analysers rather than for monitoring the clearwater tank outlet.

Care shall be taken in the design of the water sample system to ensure that all analysers receive consistent
sample water flow and pressure that is within the analyser manufacturer’s specified requirements. The sample
water system design shall also aim to minimise the travel time from the sample point to the water quality
analysers. The designer shall consider the following design features to optimise the sample water system and
analyser performance:

e Need for a sample booster pump.

e Sample booster pump type - centrifugal or positive displacement. The Corporation has had recent
good experience with use of microgear pumps in sample water systems.

e If the sample point is remote from the dosing building, consider a sample water bypass flow to reduce
the sample water travel time to analysers.

e Requirements for pressure control valve(s).

e Manual or automatic flow control valves.

e Minimising ambient temperature and solar impacts on the sample line, especially for longer sample
lines.

A rotameter fitted with a low flow switch monitors the feed to the chlorine analyser.

Supply of other services from the sample water line often results in flow and pressure fluctuations at the
water quality analyser(s) that adversely impact their performance. It is therefore highly desirable to supply
such services from another location that does not result in significant hydraulic impact to the sample water
system.

Sample water should be returned to the recipient pipe where it is feasible to do so.

For dosing systems which require mixing (such as where dosing occurs on a bypass stream), the normal type
of sample spear has an open end that projects half-way into the main is used for sampling. The holes/orifices
on the spear should face towards the direction of flow (i.e. orifices on the upstream side of the spear).

1% In addition to cost and complexity implications of redundant analysers, note that use of a pair of analysers can result in
uncertainty on which analyser is correct. A trio of analysers avoids this problem (since “two out of three voting” overcomes the
uncertainty on which analyser is measuring incorrectly) but has even higher cost and complexity.
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DS78 Chemical Dosing Standard provides further details and requirements on the sampling system.

Chlorine Analyser

A chlorine analyser is used to continuously monitor the chlorine concentration of the treated water and
provide feedback residual trim control of the chlorine dose rate. The analyser shall be connected to the plant
control system to generate High High, High, Low and Low Low alarms when the concentration strays outside
of acceptable limits. Control actions are described in detail in section 8.

Analyser panel(s)

The analyser should be installed on a sampling panel in a sampling room, laboratory or other covered area
suitable for instrumentation. Sites that do not have a sampling room or laboratory will have the analyser
sampling panel located in the dosing room. Analyser performance is notably improved when it is installed in
a relatively stable temperature environment. This may be achieved by room insulation, shading, HVAC, or
installing the analysers within a cooled cabinet (which is generally more cost-effective than cooling the entire
room).

Hydrogen (generated during electrolysis) may damage the chlorine analyser probe. Locating the sample point
downstream of a degassing device has two benefits:

e It avoids the risk of hydrogen, from the sample stream, accumulating in the room; and
e Protects the chlorine analyser probe by preventing exposure of the probe to hydrogen.

The standard design (refer to section 10.1) that accompanies this design standard is based on de-gassing the
whole flow for hydrogen removal which removes the need for separate de-gassing for the analyser by locating
the sample point downstream of the main flow’s degassing chamber.

Separate panels shall be provided for water received from each sampling point i.e. separate panels for
oxidation CEC and for disinfection CEC.

Sample panels are to receive their sample stream from the process monitoring sample point while the plant
(and CEC system) is in production, and at all other times receive sample water from the clearwater tank
outlet. For disinfection CEC, monitoring the clearwater tank outlet provides confirmation of the product
water quality, and for oxidation CEC the swapping over to clearwater outlet sample provides a cleaning
function by continuously flushing the cell until production resumes.

Where multiple analysers are installed (e.g. chlorine, ORP, pH, turbidity), they shall be arranged
hydraulically in parallel so that flow rate to each analyser can be separately controlled to the analyser
manufacturer’s specification.

Output from the analyser(s) shall be collected in a recycling tank fitted with a pump (operated by level
switches) to return the water into the treatment process. Location in the process for returning the sample
water shall be based on the lowest quality sample stream that is collected in the recycling tank i.e. if the
recycling tank receives water from both an “oxidation dosing” chlorine analyser and a “disinfection” chlorine
analyser then the return point needs to be upstream of the solids removal treatment (e.g. upstream of the
filters).

Each analyser panel shall have an in-built tray for collection of any spills or leaks, which shall drain to the
recycling tank. Electrical connections, transmitters, etcetera shall be located above the pipework to reduce
risk of their becoming wet.

Chlorine and ORP analysers

The analyser shall be selected from one of the suppliers on the Water Corporation’s SCADA Approved
Equipment List and it shall be approved by the Water Corporation’s design manager prior to purchase. This
is to ensure the analyser is technically suitable and that the selection complements other analysers operated
and maintained in the client’s region to promote uniformity, familiarity, and to reduce spares holdings.
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Guidance on chlorine analyser selection is provided in the Chlorine Analyser Selection Guideline (Nexus #

139248630).

Analyser selection shall be discussed with the Senior Principal Engineer — Water Treatment. The guiding
principles for analyser selection are:

e minimising vulnerability of hydrogen poisoning of the sensor; and
e ensuring re-calibration interval is either not longer than the interval between maintenance visits or
that the expected drift in reading is acceptably minor.

The Yokogawa FC800D chlorine sensor provides reliable operation for CEC with fortnightly calibration
whereas the Prominent Dulcotest is not preferred? for CEC as it is more vulnerable to hydrogen poisoning
of the sensor. The Swan Analytical Trides chlorine analyser is currently being trialled with initial results
indicating very low maintenance requirements, which could make it preferred for providing reliable
continuous operation at sites visited at intervals longer than fortnightly. The initial trial was at Wanneroo
Groundwater Treatment Plant and it will be moved to Horrocks WTP in November 2025 to test with CEC.

Remote sites where it is not practical to attend at short notice to install a spare chlorine analyser, are
recommended to adopt a redundancy strategy of:

e If the interval between scheduled maintenance visits is no longer than the re-calibration interval of
the chlorine analyser, then install a standby chlorine analyser; else

e Install a Yokogawa FU20 combination ORP/pH sensor?! as backup for the chlorine analyser. If the
chlorine analyser were to fault, then feedback trim of the dosing would fail over to the ORP sensor
(with control to a setpoint ORP value rather than to a setpoint residual chlorine concentration. This
ORP setpoint is to be determined at commissioning).

Turbidity

A turbidity analyser has not been included in the standard design. Turbidity doesn't impact on cell
performance unless the turbidity has a chlorine demand. Impact on chlorine demand is monitored by the free
chlorine residual for a given power (amps) setting. Therefore, the only potential concern posed by turbidity
is to hinder the effectiveness of chlorine as a disinfectant (e.g. particles comprising turbidity may shield
bacteria and viruses from the oxidative effects of chlorine). At treatment plants that include turbidity
monitoring (e.g. to monitor performance of filters), a high turbidity alarm will be used as part of a “water
quality poor” interlock to shut down production including the electro-chlorination plant.

PIPEWORK AND VALVES

Pipework Requirements

The requirements of Small Chemical Storage and Dosing Systems design standard DS79-05 sections 8 shall
be adhered to for pipework.

Valves

All valve components including handles, actuators, balls, ball seals and O-rings shall be constructed of
materials suitable for contact with chlorinated water. Plastic valves made of uPVC with Teflon ball seals and
FPM (also known as FKM and Viton®) O-rings such as the Georg Fischer Type 546 uPVC ball valves have

20 For Prominent analysers trialled at Horrocks WTP, neither the gold or palladium electrodes worked in a gassed or degassed
arrangement.

2! This performs well downstream at Horrocks WTP, though uses sample water taken after the hydrogen degassing vessel.
Expected re-calibration maintenance interval is 4 weekly for the post-oxidation sample point and 8 to 12 weekly for the post-
disinfection sample point.
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historically provided satisfactory performance. Automatic ball valves shall have electric motor driven
actuators.

Valves shall have tags for identification and to indicate whether they are “normally open” or “normally
closed”. For critical valves, a sign should also be displayed alongside.

Flanges and Gaskets

All flanges shall be drilled in accordance with AS/NZS 4087 for pressure class PN16, unless a different
flange standard has been adopted at the site for consistency. All flanges shall be provided with galvanised
steel backing plates and 3 mm full face gaskets at the flanged interfaces. The backing plates shall be hot
dipped galvanised in accordance with AS/NZS 4680.

The chlorine concentration produced by CEC is so low (i.e. even a 20 mg/L chlorine concentration is only a
0.002% m/V solution) as to be like normal service water rather than a concentrated sodium hypochlorite
solution, and therefore gasket and O-ring materials can be as normally used for chlorinated water (e.g. nitrile
is acceptable).

Fasteners

All fasteners shall comply with AS 1111.1 and AS 1112.3. Fasteners and anchorage bolts shall be hot dip
galvanised in accordance with AS 1214. Grade 316 stainless steel fasteners are generally not preferred for
sodium hypochlorite service due to risk of stress corrosion cracking and problem with galling; however, the
chlorine concentration is sufficiently low in this case that the risk may be tolerated for items such as pipe
clamps that may be more readily available in stainless steel than hot dip galvanised.

ANCILLARIES

A safety shower and/or eyewash unit is not required due to the concentration of hypochlorite formed being
so low as to not be considered a significant hazard, and that chemical cleaning of the CEC cells will be
performed offsite.

Note that the absence of a safety shower and/or eyewash unit precludes the use of any chemicals on site
unless alternative safety equipment is provided.

Wash Trough

A wash trough is not required as cells that require maintenance will be transported back to the depot for
cleaning. All other analysers/instruments will be cleaned in place.

Test & Analysis Area

Water quality testing and analysis requirements shall be clarified with the Senior Principal Engineer — Water
Treatment and a suitable working area and facilities provided at the site as necessary.

PROCESS CONTROL

The control system shall avoid the need to visit site to correct faults, including:

e Faults shall have a remote reset capability; and
e The current/voltage applied to each CEC power supply shall be limited to prevent trips of local
breakers.

The continuous electro-chlorination plant is designed to operate as a continuous automatic process.
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An Emergency Run mode shall be provided for when Normal mode is not available but must have protections
to prevent energising the cell without water flow (i.e. each cell must only energise when the low flow switch
has confirmed that the minimum flow has been established).

Except in Emergency Run mode, the power supplies for any of the electro-chlorinators cannot be started in
any manual mode and will only operate when all other required equipment is available, selected for the
NORMAL mode at the equipment control panel and selected for AUTO at the OIP/SCADA, typically:

e Magnetic flow meters are healthy, and no flow discrepancy detected (i.e. water leakage is used to
infer potential for hydrogen leakage into the room);

e Atleast one CEC train must be available (Inlet Valve in auto, Power Supplies not in fault, etc.); and
All associated instruments and analysers must be healthy (e.g. Clearwater Tank Level, Inlet
Flowmeter, Chlorine Analysers, etc.).

The continuous electro-chlorination system achieves its capacity by operating multiple trains in parallel (i.e.
greater hydraulic capacity requires more parallel trains and/or greater chlorine dose rate — such as for
oxidation - requires more parallel trains). Trains are determined by the power supplies that serve them; hence,
on small plants where there is one power supply per CEC cell then a single train is a single CEC cell, whereas
other plants share a power supply with each pair of CEC cells, resulting in a single train consisting of a pair
of CEC cells.

In some water supply systems, the feed water flow rate is variable (such as depending on which bores are
on-line and the combination of bores) and therefore the number of CEC cells online needs to adjust to
variations in the feedwater flow rate. However, variable feed water flow rates are normally not predictable
(unless look-up tables were employed with flow rates per bore or combination of bores), so the CEC system
must instead react to the measured feed water pressure and flow rate (similar to a booster pump station). Each
train has a defined flow range but should preferably operate closer to the higher end of their flow range
because the higher velocity minimises scale deposition on the interior of the CEC cells. Trains consisting of
a single cell have a flow range of 1.5 to 6.0 kL/hour, whereas trains consisting of a pair of cells have a flow
range of 3.0 to 12.0 kL/hour. Further constraints are that any single cell is physically unable to pass more
than 6.0 kL/hour due to a maric flow restrictor, and if any cell is operated at or below 1.5 kL/hour then a low
flow alarm is generated.

At chlorination system startup:

e Step 1 - Commence with the minimum number of cells online (i.e. inlet valves set to Open position)
as would be required to treat the minimum flow setpoint. Each of the online cells shall be energised
when their respective Low Flow switch is no longer active (indicating that the cell is receiving a flow
rate above the minimum of 1.5 kL/hour).

e Step 2 - At any time during operation, if high feed water pressure (PAH) is detected for longer than
5 seconds (after the inlet valves for each of the online cells have reached their Opened limit switch),
then one additional train shall be brought online. This high feedwater pressure alarm and its delay
timer shall be selected to prevent too much back pressure on the bore pump and shutting down the
bore on high pressure. Once the additional train isolation valve reaches the Opened position, then a
further instance of PAH for longer than 5 seconds shall bring online another train. If PAHH (i.e. high
high pressure) is active for longer than 5 seconds, then all N cells (where N is the number of cells
required to achieve the plant maximum capacity) shall be brought on-line. If PAHH persists for a
configurable delay (default is 30 seconds) after all N cells have their automatic inlet valves in the
Opened position, then the feed water supply shall be shut down, and the dosing system shall go into
standby once the feed water flow rate reduces below the “initiate chlorination” minimum flow
setpoint.

e Step 3 — Feed water flow rate (Q) is monitored and if at any time during operation the flow rate is
less than 85% of the flow capacity (i.e. if Q < 85% x M) of a lesser number of trains for longer than
the configurable delay (default 30 seconds), then the number of trains shall be reduced to M, where:

o M = roundup(Q/6kL/hour), for single cell trains; or
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o M = roundup(Q/12kL/hour), for cell pair trains.

e Step 4 — Feed water flow rate (Q) is monitored and if at any time during operation the flow rate is
more than 95% of the flow capacity of the number of trains (M) currently online (for longer than the
configurable delay), then an additional train shall be brought online. Mathematically, this condition
is:

o Q>M x 6 kL/hour x 95%, for single cell trains; or
o Q>M x 12 kL/hour x 95%, for cell pair trains.

The designer shall consider whether any additional control measures are required to prevent hunting between
Step 3 and Step 4, since, depending on the number of trains, the 85% and 95% numbers may cause one train
to turn off and on again continually.

A train is taken offline by closing its automatic inlet valve and de-energising once the Low Flow switch is
triggered (the Low Flow fault shall be masked when the inlet valve is not in the Opened position). If the
Closed limit switch is not reached within a configurable delay period than a valve fault shall be raised. This
valve fault means there is a risk of passing unchlorinated water through that cell; however, plant shutdown
should only be triggered based on a Low Low chlorine alarm because power on the other CEC cells would
ramp up to compensate based on residual trim from the analyser.

Dosing Control Philosophy

Dosing control is entirely based on residual trim with no flow pacing. An operator adjustable control setpoint
(residual concentration of chlorine in mg/L) will be available at the local OIP and SCADA (note: this setpoint
should be password protected). The voltage output of the duty chlorination train power supplies will be PID
controlled based on feedback from a Residual Chlorine Analyser (the chlorine residual is the process variable
for the control loop).

Start-up voltage®® is best determined during commissioning so that chlorine demand, sample loop time,
manual operation time and free chlorine target value are taken into consideration. Starting at the last known
value is not recommended because it can result in significant over production of chlorine under some
circumstances particularly at sites where inflow volumes can vary. On start-up, the chlorination system PID
output will be set to manual for a ‘PID Auto Delay’ setpoint that shall be user configurable, and will only be
available on the local OIP, to allow the chlorine analyser time to stabilise. After expiry of the PID Auto Delay
timer, the PID loop switches to auto control using feedback from the chlorine analyser (to determine the
voltage output).

If there are any problems with the above automatic control mode (e.g. suspected faulty chlorine analyser),
then the residual feedback PID loop is automatically halted (i.e. set to manual with the PID output locked)
under any of the following conditions:

o The chlorination system is not initiated (to prevent the PID loop from adjusting the output when the
cells are not energised);

e An instrument fault alarm is active for the chlorine analyser;
The chlorine residual analyser sample water flow is low (low flow alarm on the sample water); or

e Operator initiated PID manual mode (using an Operator adjustable output value within an allowable
range of values). Note that CEC PID control is always required®, so the plant should not be left in
PID manual mode.

22 For a borefield, there may need to be more than one startup voltage because water quality could vary between bores and
different numbers of bores may be started. This would require a look-up table for the control system to select the appropriate
start-up voltage for the bores online.

23 Automatic PID control is always required because if there is any change to feedwater flow rate, TDS, chloride, etcetera, then
the required voltage to produce the target chlorine dose will not be known.
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All the above is visible at both the local OIP and UWSS/SCADA. PID controller mode changes and setpoint
adjustments can be made by operations personnel at the OIP (when in local control mode) or via
UWSS/SCADA (when in remote control mode).

The designer shall seek advice from Water Quality Business Unit on:

e whether the above alarms shall cause shutdown of the feed water supply (as this requirement may be
site specific); and/or
e ifitis a primary chlorination site, whether a standby (redundant) instrument is required.

If the chlorine analyser has faulted and there is a redundant instrument available (e.g. an ORP analyser as
discussed in section 3.2.1.2), then trimming of the chlorine dose could automatically swap to use PID control
based on an ORP setpoint.

A schematic of the control loop for the duty dosing system is shown in Figure 6-1.
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Figure 6-1: Dosing Control schematic for the duty Dosing System

When the duty dosing train(s) is/are in ‘Ready’ mode, the dosing train(s) will remain idle until a minimum
setpoint feed water flow rate is achieved. Similarly, the dosing train(s) will stop running and will sit idle in
the ‘Ready’ mode when the feed water flow rate drops below the minimum setpoint.

If the selected duty dosing train is ‘Not Available’ or failed then the standby train will automatically
commence operation, providing it is in the ‘Ready’ mode operational state. The failed train will not be
available for selection until the alarm condition is acknowledged and reset (i.e. the failed train will be latched
out). The standby train will upon commencing duty be allowed a period (e.g. 6 minutes, configurable) for
operation before any faults shuts it down too. Latching out of the failed train prevents changing back and
forth between the duty and standby train. During FAT or SAT, ensure that the polarity of the train reverses
when the duty changes.

In the event of a plant power failure during dosing, the system shall resume dosing automatically following
restoration of power and return of the permissive conditions such as the minimum setpoint feedwater flow
rate. The low chlorine level in the treated water or other fault directly due to the plant power failure should
not immediately trigger an alarm (i.e. an adjustable delay timer shall allow the chlorine residual to return to
normal) as this could cause shutdown or train changeover when the power is restored. However, if the system
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6.2

6.3

6.4

is in ‘Manual PID control’ mode, it shall revert to the ‘Stopped’ (off) mode in the event of a power failure,
and thus the equipment shall remain off when power is restored.

e Chlorination is initiated once the mains flow rate is above the ‘Initiate chlorination’ flow and the
system has previously been off for two minutes or more.

e For critical or primary chlorination sites, a chlorination failure shall automatically stop the water
flow in the feed water main (either by interlocking relevant pumps or closing an automated valve in
the line).

e The standby train should start on one of the following conditions:

o Duty train failed to start or is unavailable,

o Duty dose train current reaches its setpoint value (typically set at 50% of the power supply’s
capacity),

o The chlorine residual is high or low for a given time (i.e. dosing fault).

Refer to section 8 for process safeguarding requirements.

Control Location
The dosing system may be controlled from the following locations:

a) Operator Interface Panel (OIP) — Fully automatic and manual control is possible from this panel located
in the viewing room. Any operational mode can be selected from this panel. However, operation of the
CEC system (especially the control of the dose rate) should always be in automatic control mode. Only
operators trained in CEC should have password access to control the plant from the OIP.

b) Human Machine Interface (HMI) —The full dosing system is monitored from the UWSS / statewide
SCADA operations centre (Integrated Operations) at John Tonkin Water Centre.

¢) Control functionality from the OIP and HMI shall be identical unless stated otherwise in the Functional
Control Specification.

Polarity Reversal

Best chlorine generation efficiency comes from operating the DC power supplies up to 50% of their nominal
current capacity; the optimal power setting is to be determined at commissioning. Therefore, polarity shall
be reversed upon reaching 50% capacity of the power supply that serves that cell (or cell pair), though at
some sites this period may be so long (i.e. almost indefinite) that the designer may opt to trigger polarity
reversal sooner based on a timer. The cell (or cell pair) is de-energised and taken out of production to reverse
the polarity. Cells must not be re-energised with a reversed polarity for at least 10 minutes (set at 15 minutes).
To maintain production capacity, a duty changeover is implemented by starting a standby train (cell or cell
pair). Polarity reversal should only be initiated to the cell(s) that are due for it (e.g. because they have reached
their current setpoint), and not triggered each time Chlorination Initiate occurs.

Maintenance Monitoring

Automated operation shall include a timer (duration since last cell service) and “maintenance required” alert
for each CEC cell. Measurements of cell performance shall be used to calculate estimated remaining cell life.
The “maintenance required” alert interval shall be configurable based on 6 months from commissioning and
then that first service condition report will determine ongoing service frequency. This interval will most
likely be 12 to 24 months for “disinfection only” and six to nine months for “iron and manganese removal”
but the first service will determine that. The current-to-voltage ratio along with chlorine residual will be used
to calculate expected cell life. PI Vision data is used for this calculation and is part of the cell service report
provided by Hydro-dis/Westwater.
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6.6

Analyser Flushing

Automatic control of the chlorine dose rate relies upon accuracy of the chlorine analyser, which in turn
depends upon constant sample flow rate and homogenously mixed sample. In applications where chlorine is
dosed for oxidation of iron and manganese, the analyser panel may require frequent (i.e. weekly)
maintenance. Design of the analyser panel shall include provision for cleaning/flushing of the sample panel
pipework and the analyser flow cell. However, at some sites this frequency of attendance is not always
practical such as if routine visits are more than a week apart or due to seasonal conditions (e.g. roads subject
to flooding). Since automatic flushing is relatively inexpensive it shall be adopted for “oxidation” chlorine
analysers at all sites, irrespective of frequency of attendance. However, instead of using a flushing valve, this
standard design is based on a three-way valve that whenever the oxidation CEC system is not in production
it swaps position on a three-way valve to continuously feed the analysers with sample water from the
clearwater tank outlet. This “clearwater flushing” shall also be provided for any other analysers on the
oxidation sample panel. Note that this requirement - for the oxidation analyser panel to receive clearwater
tank outlet sample - applies even though it apparently duplicates the function of the disinfection chlorine
analyser panel (which also alternates between the post disinfection sample point and the clearwater tank
outlet sample point whenever the disinfection CEC system is not in production).

Process Monitoring

In addition to monitoring current and voltage for each CEC cell, the OIP/HMI shall display trends of the
energy density (using units of both kWh/kg Cl, and kW/kL of water dosed) for each CEC cell and aggregated
for each dosing system (e.g. oxidation dosing; disinfection dosing).

Hazardous Area Management

Hydrogen is present in relatively low concentration within the pipework downstream of the electrolysers.
This design standard is based on confining potentially explosive atmospheres within pipework and uses
hydrogen vent pipework to discharge them above the building roof, thereby achieving low risk of an
explosive atmosphere occurring within the building.

The only credible scenario in which hydrogen may leak into the building is if there were a water leak.
Therefore, this design monitors flow discrepancy between magflow meters on the inlet and pipework exit
from the building. Detection of flow discrepancy will trigger shutdown of the feedwater supplies for all CEC
systems in the building. Given that mitigation of water leaks also controls hydrogen leakage, then the risk of
developing an explosive atmosphere in the building is so low that a Hazardous Area Classification is not
required for the continuous electro-chlorination facility.

Hydrogen gas detectors are not considered necessary because the risk of hydrogen leakage within the building
is low and is instead inferred by monitoring flow discrepancy. Flow monitoring is a simpler instrumentation
type and is more appropriate for reliable operation in locations remote from the technical support required to
test and service hydrogen leak detectors.

Note that the chlorine analyser sample point is downstream of the degasser unit and therefore there would be
negligible concentration of hydrogen that could be released from the chlorine analyser.

PROCESS SAFEGUARDING

This section details the process safeguarding controls that are implemented to protect personnel, equipment
and the environment. PLC and/or RTU code associated with these process safeguarding controls shall be
separated and clearly identified in the PLC/RTU and denoted within the code as subject to strict Management
of Change (MoC) procedures.

Strict Management of Change requires both of the following procedures to be followed:

1) Safety & Wellbeing MoC procedure
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8.1.1

8.2

8.2.1

8.2.2

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58727880

2) DS40-06 — Software Change Control standard

Hydrogen Safety Alarms
Explosive atmosphere hazard (due to hydrogen) shall be managed using alarms with interlocks including:

e System Leaks - On any water flow discrepancy detection, the feedwater supply shall shutdown.
Critical alarms shall be announced to SCADA and initiate external warning strobe and audible alarm
(the latter only if the building security is disabled).

e Cell Leaks - Low flowrate through a cell must trigger shutdown of that train and an alarm.

The flow meters and flow discrepancy shall be monitored and trended remotely on SCADA.

Flow Discrepancy High Alarm

The system shall continuously measure the flow rate of the inlet and building exit magflow meters. The
purpose of the Flow Discrepancy High Alarm is to warn of a water leak (and thus a hydrogen leak) well
before hydrogen concentration reaches the Lower Explosive Limit.

Chlorination Alarms

The High and Low chlorine residual alarms may initiate changeover to the standby system (cell or cell pair).
If the standby dosing system is called and then (after expiry of the High or Low alarm timer) the High High
or the Low Low chlorine residual alarms are active for a given time, a “Water Quality Poor” alarm is raised.
The standby system should continue to run — it should not shut down. A “Water Quality Poor” alarm should
shut down the feed water to prevent delivery of poor-quality water to consumers. The loss of mains flow will
shut down the dosing system, thus maintaining partial disinfection (although potentially at a compromised
dose rate) into the main. The Water Safety Plan (WSP) of the particular site should provide all the alarm set-
points and the required action to take.

Chlorine Residual Low Alarm

The setpoint differential chlorine concentration for this alarm is operator adjustable®*. If the process value
(measured by the online chlorine analyser) reduces to a concentration continuously below this differential
from the PID setpoint for longer than a configurable delay (e.g. 6 minutes), then it triggers this alarm and
initiates duty changeover to a standby dosing train if available. If a standby dosing train is not available, then
no control action is taken. If the alarm is reset by an operator, then the delay timer is also reset and thus any
control action is averted.

Chlorine Residual Low-Low Alarm

If there is a change in duty dosing train, the delay timer is automatically reset, but if the Low Chlorine
Residual Alarm persists beyond expiry of the timer and a low chlorine concentration is measured then this
may cascade to generating a Low Low alarm. The Low-Low Chlorine Residual Alarm protects against the
supply of inadequately disinfected water with a Critical Control Point interlock. The setpoint differential
chlorine concentration for this alarm is operator adjustable®. The alarm is initiated if the measured chlorine
residual is continuously less than the low-low limit for 6 minutes (this delay should be determined at
commissioning and take into account the sample loop time) after changeover (i.e. this delay timer commences
after both the original duty and standby trains have triggered a Chlorine Residual Low Alarm).

24 Setpoint for disinfection CEC shall be in accordance with the Water Safety Plan.
2 Setpoint for disinfection CEC shall be in accordance with the Water Safety Plan.
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8.2.3

8.2.4

8.2.5

8.2.6

This Low Low alarm should be latching and so persist until reset. If not reset within 30 seconds, then the
“Water Quality Poor” alarm is triggered. This will initiate shutdown of the feed water flow which will then
stop the chlorine dosing system.

The setpoint for this alarm shall be adjustable from SCADA only (not from the OIP) with supervisor or
higher access required.

Chlorine Residual High Alarm

If high concentration is registered continuously for 6 minutes (configurable), then it triggers an alarm and
shuts down the duty dosing train operation and initiates a standby dosing train if it is available. The setpoint
differential chlorine concentration for this alarm is operator adjustable. If the process value (measured by the
online chlorine analyser) increases to a concentration above this differential from the PID setpoint, then it
causes a dosing fault and duty changeover. If this alarm remains continuously active for an adjustable delay
period (e.g. 6 minutes) and a standby dosing train is available, then automatic changeover to the standby
dosing train is initiated. If a standby dosing train is not available, then no control action is taken.

Chlorine Residual High-High Alarm

If there is a change in duty dosing train, the delay timer is reset, but if the High Chlorine Residual Alarm
persists beyond expiry of the timer and a very high chlorine concentration is measured then this may cascade
to generating a High High alarm. The High-High Chlorine Residual Alarm is used in a Critical Control Point
interlock to protect against the supply of over-chlorinated water. The alarm is initiated if the measured
chlorine residual is continuously higher than the high-high limit for 6 minutes (this delay should be
determined at commissioning and take into account the sample loop time) after changeover (i.e. this delay
timer commences after both the original duty and standby trains have triggered a Chlorine Residual High
Alarm). The setpoint differential chlorine concentration for this alarm is operator adjustable.

This High High alarm should be latching and so persist until reset. If not reset within 30 seconds, then the
“Water Quality Poor” alarm is triggered. This will initiate shutdown of the feed water flow which will then
stop the chlorine dosing system.

The setpoint for this alarm shall be adjustable from SCADA only (not from the OIP) with supervisor or
higher access required.

Low Sample Water Flow Alarm

On detection of low sample water flow, an alarm is raised to the OIP and HMI and the residual feedback PID
loop is automatically placed in manual with its output set at the last recorded healthy value. This safeguard
protects against potential over-dosing or under-dosing of chlorine due to incorrect chlorine residual analyser
reading (which would occur if the analyser were receiving inadequate sample flow). If the sample flow
becomes healthy again then the interlock with the PID controller self-resets (the controller is returned to
automatic mode) after a pre-set time (default = 300 seconds).

Water Quality Poor Alarm

A Water Quality Poor alarm is triggered on any of the following conditions (following a 30 second delay):
e Dosing System is initiated and:
o Insufficient CEC cells are running; or
o Turbidity high alarm (where turbidity analyser is installed); or
o Turbidity analyser failure (where turbidity analyser is installed); or
o Inlet chlorine residual high-high alarm; or

o Inlet chlorine residual low-low alarm; or
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o Chlorine residual analyser failure; or
o Feed water flowmeter fault (or fault in its analogue input); or
o Flow Discrepancy alarm (adjustable timer, default value 120 seconds).

For critical or primary disinfection sites, the water quality poor alarm shall be interlocked to stop the feed
water flow.

The “water quality poor” alarm must be manually reset either locally or remotely (unless self-reset on power
restore) before the system can be returned to operation.

PLACARDING, LABELLING AND SAFETY SIGNAGE

Pipe Identification Markers (DS WCSS452) shall be posted on all pipework to indicate pipe contents and
flow direction. These markers should be prominently displayed on the pipework to ensure the observer can
clearly read the information.

Commissioning Plan Information

All signs and placards shall comply with the requirements of DS 79 - 04 Safety Signage, Labels and
Markers.

There shall be approved Water Corporation security signage on each structure, refer to the Project Security
Functional Scope for details.

Where a sign is fitted onto or near a door, the sign shall be easily visible with the door either open or closed.
This may require identical signs to be fitted to both sides of the door.

DRAWINGS

The appropriate process area for continuous electro-chlorination® is 81; hence, P&IDs shall use part-sheets
within sheet 81.

General arrangement drawings should be numbered as <asset specific plan set>-070-81.

Any civil drawings for the electro-chlorination module should be numbered as <asset specific plan set>-006-
81.

Standard Drawings

Standard P&IDs for continuous electro-chlorination are available in plan set OT81. The standard P&IDs shall
be copied from plan set OT81, revised with the job specific plan set number and job specific plan set title,
then amended as required to suit the job specific capacity (e.g. number of CEC cells). Example drawings of
General Arrangements will be included in a future revision of this standard once they become available.

The intent is that where the required number of CEC cells are less than the ten cells shown on the standard
P&IDs, then the designer would delete the surplus CEC cells from their copy of the P&ID.

26 Note that continuous electro-chlorination uses the “chlorination” process area, 81, in contrast to brine electro-chlorination which uses the
“sodium hypochlorite” process area, 82, because it generates, stores and doses sodium hypochlorite solution.
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11 Appendix A — Hydro-dis V-R series — data sheet

V15-R Series Cell Dimensions

, 1646.78
, 1566 ,
| |
KR =] ~
S
699 ‘ 699
V and V-R Series Operating Specifications
cell Name Maximum Minimum Construction Max (Indicative) Nominal Amps A @
Flow kL/Hr | Flow kL/Hr Type Amps Power Supply 24 vDC
Gen3 V5 1.5 0.4 Tubular 25 Meanwell 1kW 16
Gen3 V5-R 1.5 0.4 Tubular 25 Meanwell 1kW 16
Gen3V10 6.0 1.5 Tubular 100 Meanwell 5kW 65
Gen3 V10-R 6.0 1.5 Tubular 100 Meanwell 5kW 65
Gen3 V15 6.0 1.5 Tubular 200 Meanwell 10kW 130
Gen3 V15-R 6.0 1.5 Tubular 200 Meanwell 10kW 130

The highlighted Gen3 V15-R is the recommended cell type.

Note that the power supply size in the above table is indicative only?’. The actual power supply size must be
determined at the design stage, in consultation with the supplier Hydrodis, based on water quality (mainly

TDS), and is not standard for any cell type.

When sizing the power supply, it is important to avoid selection of an unduly conservative power supply

capacity as this may result in higher switchboard cost because of factors including:

e The definition of package plant in DS20 is defined in the section on Switchboards for Modular Package
plants (section 3.11 in DS20), beyond which low voltage switchboards are required to be from the
Approved Panel of Switchboard Manufacturers for the Supply of LV Switchboards.

e Arc flash considerations depend on capacity of switchboards.

e Short circuit considerations.

V-R Series Pressure Drop
The pressure drop across a V15-R cell at maximum flow (6kL/Hr per cell) is 15kPa.
The pressure drop across a V10-R cell at maximum flow (6kL/Hr per cell) is 10kPa.

27 As an example, at Horrocks, a SkW power supply energises two V15 R cells in electrical parallel.
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12 Appendix B — Hydro-dis V-R series — cell maintenance

This appendix provides an outline of maintenance procedures and may need to be adapted/supplemented
with additional operational and safety requirements of the Water Corporation or service provider to provide
Safe Work Method Statements.

12.1 Cell removal/exchange

1. Determine if shutting down the CEC system if running is required and electrically isolate the cells (DET)
as appropriate.

2. Hydraulically isolate the water supply to the cells.

3. Isolate the electrical supply to each of the power supplies thereby electrically isolating the cells (DET).

4. Remove the Perspex covers in front of the cells.

5. Check that there is no power to each cell terminal and then remove the electrical cables from the cells.

6. Loosen the flange or barrel union (normally a barrel union type fitting would be present allowing easy
removal of the cells) at the base of each cell.

7. Loosen the flange or barrel union at the top of each cell to the manifold and carefully remove the cell
from the manifolding, being careful not to place lateral stress on the cell.

8. Following removal, the cells should be placed in stands and prevented from rolling/moving to limit the
possibility of deformation at the central flange. This is very important.

9. Carefully investigate all pipework, fittings, valves for damage. Report as appropriate.

10. Refurbished/spare cells to be installed (refer to section 12.2), and the removed cells to be taken offsite
for servicing.
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Figure 12-1: Sectional view of CEC cell

12.2 Cell installation

EPDM GASKET

1. Care must be taken when re-installing the cells.

2. Fit the top of the cell first, followed by the bottom of the cell using the coupling.
3. Ensure the electrical connection tabs are facing the correct direction.
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Connect electrical cables to each cell ensuring the connections are tight. Loose connections can result
in arcing and heating of the connections that can damage the cables and the cells.

After all cells are re-installed, start the plant (DET) to ensure there are no water leaks and that the
electrical connections are not warm or hot that would indicate a loose or high resistance connection.
Measure the current to each cell connector to ensure the power to each cell that shares a power supply
is within 10%. Should there be a greater current differential than 10%, then the cells alignment needs to
be re-set by removing the cell and varying the central flange tensions until the inner tube is visually
concentric to the outer tubes. Cell alignment issues associated with the central flange have now been
eliminated at manufacture as both the inner and outer tubes are now 2 mm wall thickness compared with
the original V15 design of 1 mm. This makes the whole cell more rigid eliminating deformation and the
consequent alignment issues. If, after re-installing the cell, differential current is still greater than 10%,
then the manufacturer (Hydro-dis) should be consulted.

Re-install the cell and re-check for water leaks and cell power balance repeating the above step as
required.

Re-fit the Perspex covers.

Record the plant operating parameters including flow, power (volts and amps), chlorine residual and
pH. Compare these figures to the figures recorded prior to the service to ensure no major deviances.

12.3 Acid washing

1.
2.

Prepare approximately 20 litres of 5% hydrochloric acid solution.

Fit the purpose-built blanks with drain valves fitted, to the bottom of each cell to be cleaned to seal the
end. Check with water that the cell is sealed then drain the water.

The cell must be no less than 45° to the vertical by adjusting one of the stands, and then carefully fill the
cell with 5% acid solution. Ensure the appropriate PPE is worn.

Observe the solution noting effervescence that confirms that scale is being removed. Drain the solution,
fit the blank to the top of the cell and rotate the cell 180°. After approximately 10 minutes have elapsed
or the effervescence ceases (this could take up to 30 minutes) the scale will have been removed.

Drain the solution into the waste acid collection vessel.

Rinse the cell at least twice with water collecting the wash water and placing into the spent acid collection
container.

Visually check that the cell is now clean, and if not, repeat the acid washing process.

It is highly unusual for the V15-R or V10-R cells to require acid de-scaling and would only be needed
as a result of the cell operating at below the minimum flow rate.

12.4 Non-scale Deposit Removal

1.

On discovery of a deposit/blockage that is not scale, this should be removed by cleaning with a medium
pressure water jet. This can be achieved using a mains pressure water with a medium diameter jet that
can be directed into the annulus of the cell. Care must be taken to ensure there is no damage caused by
the nozzle physically contacting the cell or by using a pressure cleaner that may damage the cell coating.
If the blockage cannot be removed by using this process, then the cell should be partially disassembled
by moving the central tube until it protrudes approximately 100 mm allowing the use of water and the
soft brush (i.e. with soft bristles that do not risk scratching the catalytic coating). Extreme care is required
when undertaking this procedure to ensure the central tube coating is not damaged by moving it 100 mm
and when using the brush. If the blockage cannot be removed by this procedure, then the cell will need
to be fully dismantled for cleaning — refer to section 12.5 below.

12.5 Dismantling the Cell

1. THIS IS A LAST RESORT OPTION WHEN ALL OTHER METHODS OF CLEANING ARE
UNSUCCESSFUL. It is very unusual that the dismantling of a cell is required.
2. It is imperative that extreme care is used when dismantling a cell as the internal surfaces of the cell have
a coating that must not be damaged.
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The inner tube of the cell has only 3 mm space to the external tube and therefore extreme care is needed
when removing the inner tube by carefully sliding the tube out from the outer tubes ensuring that the
central tube does not contact the outer tubes. The outer tubes are held together at a central flange fitting
that MUST NOT BE UNBOLTED, LOOSENED OR TIGHTENED. This is because the central flange
bolts are individually tightened at manufacture to a torque between 10 and 15 Nm to ensure the cell is
perfectly aligned.

Once the cell has been dismantled, deposits on the surfaces can be removed by washing with water or
acid (if indicated) or a soft brush — not a wire brush and MUST NOT BE REMOVED BY USING
SCRAPERS ETC.

When the surfaces are clean, the cell can be carefully re-assembled taking care when re-inserting the
inner tube to ensure the central tube does not catch on the centre flange section where the two outer
tubes meet. Refit the cell flange to 25 Nm and refit the cell for service.
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13 Power consumption versus chloride concentration and

voltage

TDS (mg/L) (TDS Ratio (V DC A \Power (W) |Power Ratio |Cl; (g/hr) ch/kg Cl;
128 1 S 2.6 13 1 0.14 02.86

253 1.98 S5 4.4 22 1.69 0.29 76.82

403 3.15 5 7 35 2.69 0.51 68.75

530 4.14 5 9.6 48 3.69 0.83 57.68
TDS (mg/L) |TDS Ratio |V DC A |Power (W) |Power Ratio |Cl; (g/hr) IkW/kg Cl,
128 1 20 17.7 354 1 17.70 00.00

253 1.98 20 35.3 706 1.99 01.74 7.70

403 3.15 20 52.1 1042 2.94 153.50 6.79

530 4.14 20 57.1 1142 3.23 194.64 5.87

TDS (mg/L) |TDS Ratio |V DC A |Power (W)  |Power Ratio |Cl (g/hr) ch/kg Cl;
128 1 24 27.7 664.8 1 35.00 18.99

253 1.98 24 45.4 1089.6 1.64 154.06 7.07

403 3.15 24 66.9 1605.6 2.42 250.51 6.41

530 4.14 24 73.1 1754.4 2.64 323.43 5.42
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