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FOREWORD

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

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

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

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

of new infrastructure with existing like infrastructure.

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

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

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

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

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

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

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

Overview of Western Aust th and Safety (General) Regulations 2022 (dmirs.wa.gov.au)

Enquiries relating to the technical content of a Design Standard should be directed to the Senior Principal Engineer,

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

Standard users as and when published.

Head of Engineering

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

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

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

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

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

 

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

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

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

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

their own risk and without any right of recourse to the Water Corporation, including, but not limited to, using the

Standards/Specification for works other than for or on behalf of the Water Corporation.

The Water Corporation shall not be responsible, nor liable, to any person or entity for any loss or damage suffered

as a consequence of the unlawful use of, or reference to, the Standards/Specifications, including but not limited to

the use of any part of the Standards/Specification without first obtaining prior express written permission from the

CEO of the Water Corporation.

Any interpretation of anything in the Standards/Specifications that deviates from specific Water Corporation Project

requirements must be referred to, and resolved by, reference to and for determination by the Water Corporat

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

1.1 Purpose

This Design Standard identifies design and installation requirements for Water Corporation sodium

fluoride dosing facilities and provides background information on how the design was developed.

1.2 Scope

This Design Standard focuses specifically on systems using sodium fluoride powder that is pre-packaged

into 5kg plastic canisters for use with the proprietary ProMinent sodium fluoride bottle loading system1.

1.3 Background Information

Fluoride is introduced into public drinking water supplies in Australia to maintain optimal fluoride levels

for the reduction of dental caries2. 

The commonly used compounds for fluoridation in the drinking water industry are:

• Fluorosilicic Acid (H2SiF6) liquid (typically as 22% aqueous solution), also known as

hexafluorosilicic acid or hydrofluorosilicic acid, and usually abbreviated to FSA by the Water

Corporation.

• Sodium Fluorosilicate (Na2SiF6) powder or granules (also known as sodium silicofluoride).

• Sodium Fluoride (NaF) powder or crystalline granules.

The fluoridation of public drinking water supplies in Western Australia began in the late 1960s.

Historically, sodium fluorosilicate powder3 was used by Water Corporation and its antecedents. Water

Corporation began shifting to liquid FSA in the late 1990s due to OHS concerns with the inhalation of

sodium fluorosilicate dust by operations personnel, concerns with the purity of the sodium fluorosilicate

available at the time, and caking problems with stored powder.

For large fluoridation systems liquid FSA has advantages over bulk powdered chemicals and is Water

Corporat preferred method of fluoridation at large water treatment plants. However, FSA is not

ideally suited to smaller installations because of the OHS requirements associated with handling and

dosing FSA and the transport logistics of the product.

For smaller fluoridation systems, the Water Corporation now uses sodium fluoride. Sodium fluoride

powder or crystalline granules are used to prepare a saturated sodium fluoride solution. The concept

takes advantage of the relatively constant solubility of sodium fluoride across the range of water

temperatures encountered in Western Australia.

For facilities with consumption of fluoride greater than 25 kg/day, FSA is the preferred chemical. For

facilities with consumption less than 5 kg/day sodium fluoride is the preferred chemical. Between these

limits a case-by-case assessment is needed that considers OHS concerns, the transport logistics of FSA,

and the practicalities of loading many sodium fluoride canisters per week.

Although sodium fluoride powder has now been used for many years, the method by which it is delivered

and packaged has evolved over that time. Initially it was delivered in a bulk dry powder or fine crystal

form in 20 kg bags which had to be manually opened and handled to transfer the sodium fluoride into

                                                     
1 While this design standard refers to the 5 kg sodium fluoride p t ther documentation they have also been referred to

tt
2 According to the ADWG, the optimal fluoride concentration for reducing dental caries is 0.8 to 0.9 mg/L. However, chronic exposure to

concentrations greater than 1.5 mg/L can lead to health issues.
3 Another reason that sodium fluorosilicate is not preferred is its relatively low solubility in water, which impacts the capital cost since large

storage volumes of batched solution are required. The higher capex outweighs the benefit of the lower supply cost of sodium fluorosilicate.
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the saturation tanks. This practice is no longer used due to the associated dust emissions, manual

handling issues, and exposure of the operators to the toxic powder.

Water Corporation then moved to smaller 5 kg bags of sodium fluoride. These smaller bags provided

prepackaged sodium fluoride powder in a dissolvable polyvinyl alcohol (PVA) bag. The PVA bags were

placed directly into a saturator tank where the PVA bag dissolved, allowing release of the powder into

the water to form the sodium fluoride solution. Although the toxic dust issue was largely overcome

(excepting occasions when a PVA bag was dropped and split open), dissolving of the PVA bags was

inconsistent which caused issues downstream of the saturator, such as blockages of dosing pumps. This

method is no longer recommended.

The preferred and current method of delivering sodium fluoride into the saturator tank uses sodium

fluoride powder that is pre-packaged in specialised plastic canisters that hold 5 kg of sodium fluoride.

The cannisters are made from polyethylene terephthalate (PET) and incorporate a 120 mm screw closure

(lid) and heat induction foil seal. To transfer the sodium fluoride powder into the saturator the operator

removes the closure (lid), inverts the canister, and screws it into a proprietary canister unloader device,

supplied by ProMinent, that is installed on the top of the sodium fluoride saturator tank4.

The canister unloader device includes a protection cap, a sliding blade that cuts the foil seal on the

cannister, and a water spray nozzle to flush any sodium fluoride powder residue from the canister before

it is removed from the device. The ability to flush residual powder from the canister reduces the potential

for dust to escape into the atmosphere when the canister is removed from the unloader and allows the

canister to be disposed of safely.

The canister unloading operation is a manual process. Despite the use of the canister unloader device, it

still requires a higher degree of PPE than for other tasks associated with operation and maintenance of

the system (refer to the SDS and Water Corporation OHS and PPE requirements).

The approach taken for the preparation of saturated sodium fluoride solution dispensed from 5 kg foil

sealed cannisters has evolved over time. For a period, Water Corporation used a single tank with laterals

and inert filter media in its base. Sodium fluoride powder was added on top of the filter bed to form a

slurry through which water passed. The aim of the filter bed was to prevent solids carryover, however

problems continued to be encountered with the ad-hoc passage of solids. Water Corporat t

preferred approach is to use a two-tank design incorporating a separate saturation tank, to which the

sodium fluoride powder is introduced, and a solution tank from which dose pumps draw solution.

1.4 Governance of Fluoridation

In Western Australia, fluoridation is regulated by the Fluoridation of Public Water Supplies Act 1966

(the ‘Fluoridation Act tered by the Department of Health (DoH). This Act establishes

a Fluoridation Advisory Committee who oversee the fluoridation of drinking water within Western

Australia and make recommendations to the Minister for Health, who may issue or rescind fluoridation

directives to water service providers as appropriate.

Water Corporation only fluoridates drinking water in localities where the Minister for Health has issued

a direction to do so. This is typically in schemes where the population served exceeds 3,000 people, in

smaller towns where a specific request has been made, or where it is anticipated that the population will

soon grow to exceed 3,000.

The optimum fluoride concentrations for fluoridated drinking water are set by the DoH. As average

water consumption varies with climate, different concentrations have been set by the DoH for various

parts of the State. The locales currently requiring fluoridation, and the optimum concentrations and

range limits stipulated by the DoH are listed in Water Corporation Standard S010 Drinking Water

Quality Performance. The optimum concentrations set by the DoH vary between the north and south of

                                                     
4 When these canisters first came into use there were instances where there was premature failure of the foil seal when the jar was inverted,

resulting in powder spillage. The supplier has since addressed this issue with strengthening of the seal.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58539231
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58539231
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the State and are generally 0.8 mg/L or 0.9 mg/L (depending on the locale) with a permissible range of

not more than 0.1 mg/L above the optimum and 0.2 mg/L below the optimum5. 

Fluoridation performance is reported monthly to the DoH and periodically to the Fluoridation Advisory

Committee. In addition, an exceedance of the 1.0 mg/L limit in a fluoridated scheme is considered a

DoH Level 2 notifiable event.

1.5 Design Philosophy

Planset NE53 details the process aspects of this standard design in the Piping and Instrumentation

Diagrams (P&IDs).

1.5.1 Continuity of Dosing

Fluoride is not critical to the water treatment process. It is dosed for its long-term dental health benefits.

While the overdosing of fluoride may result in water that is unsafe, a temporary underdosing or

interruption to dosing does not present a public health risk. Therefore, the need for continuity of fluoride

dosing is less important than for other chemical dosing systems (e.g., chlorine for disinfection) in a water

treatment plant.

The following design considerations have been applied to achieve water quality targets, to avoid

excessive operational and maintenance workload, and to minimise water quality risks for customers:

• Provision of a water softener to avoid potential calcium fluoride scaling issues.

• Provision of separate saturator and solution tanks to reduce solids carryover and blockages in the

dosing systems, and to allow periodic maintenance and cleaning of the saturator without

impacting dosing.

• Provision of duty/standby dosing systems to provide redundancy and reliability, and to allow

continued dosing while eliminating the safety risk associated with undertaking maintenance tasks

on a live dosing system.

• Provision of a sample water system that minimises the sample loop time and provides a stable

sample water supply to the fluoride analyser/s.

• Provision of controls and interlocks to prevent exceedance of the regulated 1.0 mg/L upper limit

for fluoridated water supplies provided to customers.

1.5.2 Sodium Fluoride Solution Preparation

Sodium fluoride solution is prepared in a dedicated saturation tank (duty only) with decanting to a

separate solution tank (duty only) that supplies the dosing systems. The use of a solution tank, separate

from the saturation tank, minimises the carryover of solids into the dosing systems, reducing pump and

equipment blockages.

To minimise OHS risks for operators, the sodium fluoride solution is prepared using ProMinent

proprietary 5 kg canister loading system, and compatible canisters (e.g., those supplied by Ixom).

The saturator produces a 4% sodium fluoride solution which is fed into the dosing system pumps and

from there into the receiving water main flow, usually without any dilution water.

                                                     
5 The Australian Drinking Water Guidelines (ADWG) set a maximum health related concentration for fluoride of 1.5 mg/L. However, a

maximum concentration of 1.0 mg/L is prescribed in the Fluoridation Act for fluoridated drinking water schemes. In practice, this means that

for schemes with naturally occurring fluoride present a maximum concentration of 1.5 mg/L is permitted, while for schemes where fluoride is

added a maximum concentration of only 1.0 mg/L is permitted.



Design Standard No. DS 74-01  
Sodium Fluoride Dosing – Basis of Design

Uncontrolled if Printed  Page 12 of 68

Ver 1 Rev 0

© Copyright Water Corporation 2026

1.5.3 Sodium Fluoride Dosing System

The sodium fluoride dosing system comprises duty and standby dosing pumps installed on separate dose

panels6. These panels may be in separate dosing cabinets (e.g. as in the Denmark WTP and shown on

the standard P&IDS) or, in most cases to save space, in a single cabinet with a vertical divider

segregating the two panels/compartments (e.g. as in the Donnybrook and Capel WTPs). Each panel shall

incorporate the following equipment:

• Strainer on the suction of the dosing pump,

• Dosing pump,

• Discharge pressure relief valve,

• Dose line check valve,

• Pressure gauge,

• Vent line to purge air from the system,

• Pressure sustaining valve, and

• Drain and flush valves.

A calibration column is also required. This may be provided per pump (e.g. as in the Denmark WTP and

shown on the standard P&IDS), or in common for the two dose pumps (e.g. as in the Donnybrook and

Capel WTPs).

Historically, pulsation dampeners and mini magnetic flowmeters were included in the design, but these

have been phased out with the adoption of Grundfos DDA-FCM dose pumps as the standard dosing

pump for these designs.

1.5.4 Modes of Operation

Water Corporation sodium fluoride facilities are designed to automatically dose sodium fluoride into a

receiving water main to achieve a desired residual fluoride concentration.

The fluoride dosing system will automatically commence operation when a setpoint minimum flow rate

is registered in the receiving water main (thus there must be a flow transmitter in the receiving water

main). Operation will automatically terminate when the receiving water flow is less than the setpoint.

Two modes of dosing are possible when the control system is operating automatically:

• Flow paced control with the dose rate calculated from knowledge of the receiving water flow rate

(provided from a flow meter), the background fluoride concentration in the receiving water

(manually set at a fixed value based on laboratory measurements), and the desired residual

fluoride concentration in the distribution water (manually set).

• Residual trim control, using the same parameters as above, but with the dose rate adjusted in

response to feedback from the fluoride analyser monitoring the fluoride concentration in the

receiving water main downstream of the sodium fluoride dose point.

Flow paced dosing is usually used when the background fluoride concentration in the receiving water is

constant and not subject to fluctuation. Residual trim dosing is used when the background fluoride

concentration in the receiving water varies, as might be the case when treating water from multiple

sources, each with a different background fluoride concentration.

                                                     
6 In early designs a single pump was installed with a boxed spare. With an increase in the desired level of service a decision was made to install

a standby pump on the same dose panel as the duty pump. Over time this evolved to include standby ancillaries (e.g., flow meter, pressure

sustaining valve). In accordance with DS 79-05, it has recently been decided to separate each pump and its ancillaries onto separate

panels/compartments (although not necessarily in separate cabinets). While this may increase capital costs marginally it reduces OHS risk and

simplifies the pipework on each panel.
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Both modes of operation should be programmed, even when the background fluoride is stable, to ensure

standardisation of code and to allow the flexibility to change mode in the future if needed (e.g., if a new

bore is added to a scheme).

1.6 Related Drawings

The Piping and Instrumentation Diagrams (P&IDs) for the standard design are:

• NE53-60-83.1 Sodium Fluoride Batching P&ID

• NE53-60-83.2  Sodium Fluoride Dosing Pumps – Panel 1 P&ID

• NE53-60-83.3  Sodium Fluoride Dosing Pumps – Panel 2 P&ID

• NE53-60-83.4 Sodium Fluoride Analyser P&ID

• NE53-60-83.5 Sodium Fluoride Water Services P&ID

The Denmark WTP General Arrangement Drawing should be used for reference:

• FY99-7-2  Sodium Fluoride Building Layout

• FY99-7-2  Sodium Fluoride Building Layout

• FY99-7-3.1  Sodium Fluoride Building Sections & Details

• FY99-7-3.2  Sodium Fluoride Building Sections & Details

• FY99-7-4  Sodium Fluoride Dosing Panel Details

• FY99-7-5  Fluoride Panel Details

• FY99-7-6.1 Sodium Fluoride Saturator Tank Details

• FY99-7-6.2  Sodium Fluoride Solution Tank Details

1.7 Standards

This design standard refers (directly or indirectly) to the following standards and regulations:

1.7.1 Australian & International Standards

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

AS 1318 SAA Industrial safety colour code

AS 1319 Safety signs for the occupational environment

AS 1345 Identification of the contents of pipes, conduits and ducts

AS 1657 Fixed platforms, walkways, stairways and ladders – Design, construction and

installation

AS 1680.2 Interior Lighting – Industrial tasks and processes

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

for indoor air contaminant control (2002)

AS 2032 Installation of PVC pipe systems

AS 3000 Wiring rules

AS 3500 National plumbing and drainage code

AS 3879 Solvent cements and priming fluids for PVC (PVC-U and PVC-M) and ABS pipes

and fittings
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AS 4041 Pressure piping

AS 4452 The storage and handling of toxic substances

AS 4775 Emergency eyewash & shower equipment

1.7.2 Water Corporation Standards

CR5 Application of Chemical Resistant Protective Coating on Concrete Bunds in Water

and Wastewater Treatment Plants

DS 20 Electrical Design Process

DS 22 Ancillary Plant & Small Pump Stations – Electrical

DS 24 Electrical Drafting

DS 26 Type Specifications – Electrical

DS 28 Water and Wastewater Treatment Plants – Electrical

DS 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 series SCADA Standards

DS 40-09 Field Instrumentation

DS 62 Site Security Treatments

DS 78 Chemical Dosing

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

DS 79-02 Emergency Safety Showers and Eyewash Stations

DS 79-03 Chemical Barrier Protection

DS 79-04 Signage, Labelling and Markers

DS 79-05 Small Chemical Systems

DS 80 WCX CAD Standard

DS 81 Process Engineering

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

Protective Coatings on Water Corporation Assets

DS 100 Suspended Flooring (Grid Mesh and Chequer Plate)

S151 Prevention of Falls

SPS 401 Sodium Chloride

SPS 415 Sodium Fluoride

SPS 497 Polyethylene Tanks for Chemical Service

SPR Strategic Products Register
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1.7.3 Legislation and Regulations

Fluoridation of Public Water Supplies Act 1966 (Western Australia)

Dangerous Goods Safety Act 2004 (Western Australia)

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

Australia)

Environmental Protection Act 1986

Work Health and Safety Act 2020

Work Health and Safety (General) Regulations 2022

1.8 References

Water Fluoridation Principles and Practices, Manual of Water Supply Practices – M4, Fifth Edition,

American Water Works Association, 2004

Criteria for Regulated Water Supply, Release 2 Rev.2 – Water Corporation

Australian Drinking Water Guidelines, National Health & Medical Research Council.

Copeland, Ari. Water Fluoridation Principles & Practices. Denver, 2016.

1.9 Terminology & Abbreviations

ADWG    Australian Drinking Water Guidelines

AS  Australian Standard

Corporation Water Corporation

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

2007 (Western Australia)

DoH  Department of Health

DS  Design Standard (Water Corporation)

FAC   Fluoride Advisory Committee

FRP   Fibre Reinforced Plastic

FSA  Fluorosilicic Acid

GRP   Glass-Fibre Reinforced Plastic

LGIRS Department of Local Government, Industry Regulation and Safety

LoS  Level of Service

OHS  Occupational Health and Safety

PVA  Polyvinyl Alcohol (i.e. for dissolvable bags)

PVC  Polyvinyl Chloride (e.g. for plastic pipe)

SDS  Safety Data Sheet

WTP  Water Treatment Plant
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2 SODIUM FLUORIDE 

2.1 Mandatory Chemical Advisor

For all projects involving chemicals, there is a mandatory requirement for a chemical advisor to be

engaged. The Design Manager shall request an advisor from the Senior Principal Engineer - Water

Treatment, Advisory section, EBU. 

2.2 Legislative Requirements

Designers are responsible for ensuring that sodium fluoride storage, batching and dosing facilities

comply with the legislative requirements noted in DS 79 and with all other relevant legislation,

regulations and mandatory standards, including but not limited to the requirements of the:

• Dangerous Goods Safety Act 2004, and the Dangerous Goods Safety (Storage & Handing of Non-

explosives) Regulations 2007.

• Work Health Safety Act 2020, and the Work Health Safety (General) Regulations 2022 (in

particular, Part 7 regarding Hazardous Chemicals).

• Medicines and Poisons Act 2014

• AS4452 The Storage and Handling of Toxic Substances. Note that AS4452 has different

requirements depending on the quantity of sodium fluoride powder and/or saturated solution

present. In considering what requirements apply, designers should assume that any site with the

ability to store pallets of sodium fluoride will exceed the limits that trigger t torage and

quirements of AS4452, and sites with tanks greater than 450 litres will

exceed the limits that trigger t t quirements of AS4452.

• Environmental Protection Act 1986, given that sodium fluoride powder, slurry and saturated

solution may have impacts if discharged to the environment.

All chemicals and materials to be placed in contact with drinking water must be AS4020 compliant and

approved by the DoH in accordance with their ‘Materials, Products and Substances in Contact with

Drinking Wat and the Memorandum of Understanding (MoU) between the DoH and Water

Corporation.

2.3 Hazard Classification

There are three forms of sodium fluoride that are relevant to the sodium fluoride dosing system. Each

of the forms of sodium fluoride has different properties and presents different hazards.

Sodium fluoride powder or granules (as delivered in the sealed 5 kg canisters):

• Classified as a Dangerous Good in the Australian Dangerous Goods Code (Schedule 6.1 Toxic

Substance, Packing Group III, UN number 1690).

• Classified as a Hazardous Chemical according to Safe Work Australia.

Sodium fluoride slurry (the contents of the saturator tank):

• LGIRS has ruled that sodium fluoride in slurry form, such as in the saturator tank, shall be

considered to have the same regulatory classification as sodium fluoride in powder or granular

form (above).

Saturated sodium fluoride solution (all sodium fluoride lines downstream of the saturator):

• Classified as a Dangerous Good in the Australian Dangerous Goods Code (Schedule 6.1 Toxic

Substance, Packing Group III, UN number 3415).

• Classified as a Hazardous Chemical according to Safe Work Australia.
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• The Safety Data Sheet (SDS) that has been developed for Water Corporation for saturated sodium

fluoride solution does not recognise it as a Dangerous Good (based on solubility and LD50) but

does consider it to be a Hazardous Chemical. LGIRS have similarly advised the saturated sodium

fluoride solution need not be considered a Dangerous Good but should continue to be considered

a Hazardous Chemical. 

2.4 Chemical Properties

Sodium fluoride is a white odorless solid that is available either as a powder or in a crystalline form.

Sodium fluoride is highly soluble in water where it readily dissociates into sodium and fluoride ions. Its

solubility is 41 g/L in 25OC water. Its solubility is relatively constant between water temperatures of

15OC and 35OC (see Table 2-1) and therefore in Western Australian conditions a saturated sodium

fluoride solution will be approximately 4% sodium fluoride.

Table 2-1 Solubility of sodium fluoride at various water temperatures

Temperature (deg C) Solubility (as sodium fluoride)

0 36.6 g/L

15 40.3 g/L

20 40.6 g/L

25 41.0 g/L

30 42.2 g/L

40 44.0 g/L

60 46.8 g/L

Saturated sodium fluoride solution is toxic (due to the high concentration of fluoride ions). It is difficult

to visually discern from plain water, so all spills in a sodium fluoride facility should be treated with

caution.

Saturated sodium fluoride solution is not considered particularly corrosive, although it is deemed

incompatible with neoprene and some metals.

Sodium fluoride powder will react with acids to produce very toxic hydrogen fluoride gas, and sodium

fluoride solution will react with acids to produce toxic hydrofluoric acid solution. Hydrogen fluoride

gas and hydrofluoric acid solution are significantly more dangerous than either sodium fluoride powder

or solution. It is therefore imperative that sodium fluoride in powder or solution form does not encounter

acids. The SDS also deems sodium fluoride to be incompatible with oxidising agents such as chlorine

and sodium hypochlorite so it should not be stored with these compounds7.

Sodium fluoride powder is not combustible, but it will thermally decompose at high temperatures (e.g.,

during a building fire) and produce very toxic hydrogen fluoride gas.

Inhalation of sodium fluoride dust is a significant OHS hazard. The SDS details PPE requirements for

working with sodium fluoride powder, and the design principles in this document aim to minimise

potential exposure to sodium fluoride dust. The SDS notes that powder spills should be cleaned up

promptly using a dry collection method (at least in the first instance), without sweeping, to avoid creating

airborne dust. Spills of saturated sodium fluoride solution should also be cleaned up promptly as they

may dry to leave sodium fluoride residue that can form inhalable dust.

While the powder and solution are not corrosive to skin, they are irritants and must be washed off

immediately to avoid both inflammation and the dermal absorption of fluoride. Contact with the eyes is

a much more serious problem. Refer to the SDS for further information.

                                                     
7 However, as fluorine is a more difficult halide to oxidise than chlorine, there are not expected to be any significant reactions when sodium

fluoride solution is dosed into a main that is either chlorinated, or close to the point where chlorine solution is being dispersed.
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Oral LD50 values for sodium fluoride as low as 25 mg/kg have been published, meaning that ingestion

of approximately 2 grams of powder, or 50 mL of saturated solution, would result in a 50% likelihood

of a fatality in the average bodyweight adult8.

2.5 Quality

Sodium fluoride powder shall meet SPS 415.

2.6 Delivery

Sodium fluoride powder is delivered in pre-packaged, foil sealed, 5 kg plastic PET canisters as described

in section 1.3. A photograph of a canister may be found in APPENDIX C: REFERENCE PHOTOS.

Under the current sodium fluoride supply contract, canisters are delivered to site packed in cardboard

boxes on a pallet, typically using a flatbed truck. Each box contains four 5 kg canisters, with a pallet

containing 48 boxes (i.e. 192 canisters holding 960 kg of sodium fluoride). The minimum purchase

amount is half a pallet (i.e. 24 boxes containing 96 canisters and holding 480 kg of sodium fluoride).

Delivery sizes are to be determined in consultation with the Region prior to Engineering Design.

2.7 Barrier Protection

Barrier protection shall follow DS79-03.

The low-pressure pipework between the saturator and solution tanks, and between the solution tank and

the dose panels, does not need additional barrier protection as the risk of a spray from this pipework is

considered low.

The dose panels require additional barrier protection to be provided in the form of enclosing cabinets

with clear plastic doors, due to the large number of potential failure points amongst the pressurised

dosing equipment.

The pressurised pipework downstream of the dose panels generally requires additional barrier

protection. The form of barrier protection shall be assessed on a case-by-case basis. At a minimum,

spray protection should be provided for all above ground pipework sections located outside of the

sodium fluoride dosing room, and for the equipment at the dosing point. It is considered unlikely that

full double containment will be required, unless there is a site-specific justification (e.g. proximity to a

sensitive water body). Pipework that is direct buried or located in enclosed culverts may not require

additional barrier protection for OHS reasons as these features are likely to provide adequate spray

protection.

Wherever additional barrier protection is provided it shall include a means of visually identifying that a

leak has occurred.

2.8 Scale Formation

When saturated sodium fluoride solution is mixed with water there is potential to induce scale formation

which may block pipelines.

Calcium fluoride is usually the compound with greatest propensity to form scale, as calcium ions are

common in drinking water and calcium fluoride has a very low solubility. The solubility product for

calcium fluoride is 3.9 x 10-11 in pure water9.

Whether the solubility limit of calcium fluoride is exceeded or not will largely depend on the

concentration of calcium ions that are present in the water at the mixing point. If the molar concentration

                                                     
8 Excessive fluoride in the body interferes with calcium metabolism resulting in cardiac arrhythmias and/or dysrhythmias that may be fatal.
9 The solubility and pH relationship for calcium fluoride indicates that the above solubility product may be used for all pH values above 4.2.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/48857664
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of calcium multiplied by the molar concentration of fluoride squared is greater than 3.9 x 10 -11, then

precipitation of calcium fluoride will almost certainly occur. 

The rate of precipitate formation will also depend on how rapidly the fluoride solution can be mixed

into the receiving water main flow. At a typical background calcium ion concentration, the saturated

sodium fluoride solution needs to be diluted about 10,000:1 before calcium fluoride will stop

precipitating. Note that once dosed and fully mixed into the recipient water main the saturated sodium

fluoride solution is typically diluted by a ratio of at least 45,000:1; hence, the risk of forming calcium

fluoride occurs during batching from powder, dosing of neat solution and injection into the recipient

water main. The scaling risk only becomes minimal after the sodium fluoride is well mixed into the

receiving water main, so the Designer should aim to achieve a mixing coefficient of variation < 0.05 as

rapidly as practicable.

Magnesium fluoride has a solubility product of 3.7 x 10-8 so has a somewhat lower propensity to form

scale than calcium fluoride, but can still form precipitates during batching from powder, the dosing of

neat solution, and at the injection point into the recipient water main.

Designers need to be aware of this propensity for scale formation and ensure that means are taken both

to minimise it, and provisions are made to address it should it occur.
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3 CHEMICAL ROOM / BUILDING

3.1 General

The sodium fluoride batching and dosing system shall be contained within a new building, or an existing

building modified to comply with this Design Standard.

The general functions of the building are to:

• Protect the assets and operators from the environment (e.g., wind, rain, dust, extremes of

temperature, UV, bushfires).

• Safeguard the assets in accordance with Water Corporation security principles.

• Provide a level of separation of the hazardous chemical from staff and visitors to site.

• Secure the sodium fluoride in accordance with the SDS, AS4452 and legislative requirements.

A purpose-designed prefabricated treatment module is usually a cost-effective option for a new building.

If a prefabricated module is used, then the Water Corporat M pecification shall be used and

tailored as appropriate for the specific site and application.

3.2 Layout and Design 

The design will usually be based on a single room (referred to hereafter as t

room') that contains the equipment for sodium fluoride solution preparation, the dosing panels, related

ancillaries, the associated electrical and control cubicles, storage facilities for miscellaneous equipment

(e.g., spill cleanup equipment, hardness test kits, water softener salt), and a storage area for 5 kg sodium

fluoride cannisters10.

The NE53 series P&IDs detail the process aspects of the standard design. The following series of general

arrangement and sectional drawings give an overview of the main features of a sodium fluoride dosing

room.

• DG31-85 (Eaton) 

• DW77-07 and DW77-17 (Donnybrook)

• FF25-07 and FF25-17 (Capel)

• FY99-07 (Denmark)

The internal layout shall be as uncluttered as possible with all piping located around the periphery of the

room 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 running of piping, conduits, and cable trays

around walls.

The piping shall be placed to allow easy access to equipment and facilitate unobstructed cleaning of the

work areas.

Where practical, instrumentation should be positioned at a height that allows the instrument display to

be read from a standing position.

                                                     
10 Although there would be some benefit in separating the electrical and control panels from the wet equipment, Water Corporation only

mandates separate rooms where the chemical being dosed is considered corrosive, which is not the case for sodium fluoride. Instead, it is

expected that electrical and control panels will be IP rated for their environment (minimum of IP56 if located in a common room with the

dosing equipment or IP41 if in a dedicated electrical switchroom).
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The design and layout of the facility shall address the requirements of AS3000 and AS4452, including

but not limited to providing:

• Sufficient space between equipment, bund walls, storage areas and other structures to allow

access for safe and ergonomic operation and maintenance.

• Sufficient space around and between equipment and other structures to allow emergency egress.

• An unobstructed clearance of not less than 1.0 m in front of the dosing panels and other equipment

to facilitate maintenance.

• An unobstructed clearance of not less than 1.0 m in front of electrical panels beyond the swing of

their doors in accordance with AS3000.

• A minimum 2.1 m head clearance (in work areas i.e. in locations where someone might stand

during operation or maintenance of equipment).

The room should be designed without changes in the level of the working area (notwithstanding the

potential for bunds below floor grating level). Where changes in level are unavoidable ramps should be

included for easy moving of equipment in and out of the building.

Although the ProMinent canister system should minimise dust release from the saturator, there remains

the possibility of some dust escape. Sodium fluoride powder is very fine and accumulates as dust on

horizontal surfaces. The design should therefore aim to minimise unnecessary horizontal surfaces;

although is clear that some will be unavoidable (e.g., top of electrical cabinets, top of saturator and

solution tanks).

The building shall be designed so that tanks and equipment can be removed and replaced through the

building doors.

The building, including doors and ventilation openings shall be designed to withstand bushfire attack in

accordance with AS3959.

The building shall be designed to exclude insects and vermin. Measures shall include door seals, tropical

midge mesh on ventilation openings, and brush-ware around the edges of any roller shutter door to

impede ingress of insects when the roller shutter is in the closed position.

3.3 Bunding and Drainage

3.3.1 Bunding

The saturator and solution tank must be in a bund that is sized to contain at least 110% of the combined

volume of the saturator and solution tank11.

There are two options for bunding. Choice of option shall be based on cost and Regional preference.

• Option 1 - Provide a suitably sized bund raised above the floor level around the saturator and

solution tank. An example of this concept might use an open topped polyethylene tank as the

bund. This would be similar to Moora WTP and Manjimup WTP. With this option the drainage

from dosing panels may need to be managed separately depending on the height of the bund walls

relative to the dose panels.

• Option 2 - Bund all or part of the room so that the top of bund is at floor level and cover all or

part of the bund with trafficable FRP grating. Examples of this arrangement include the Yanchep

WTP and Eaton WTP. Where this arrangement is adopted, every effort should be made to limit

the amount of pipework placed below the grating, as pipework placed below the grating is more

challenging to fault find and repair in the event of leakage.

                                                     
11 Because the saturator has a makeup water feed that would otherwise continue to flow and overfill the bund past its 110% capacity if the tank

were leaking into the bund, there must be a motorised valve on the site service water supply to the fluoride system that automatically closes

following a level alarm in the bund.
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Option 1 may suit retrofit of existing buildings while Option 2 is generally preferred for new builds.

Historical experience has highlighted difficulties in cleaning powder spills for Option 2, however the

use of cannisters with the improved foil seals should reduce the likelihood of spills. Additionally, Option

2 may deliver a less cluttered room layout. Regional stakeholders shall be consulted to determine the

preference before any design commences.

The bund dimensions shall comply with the bund requirements in AS4452.

For concrete bunds, the linings and coatings shall comply with CR5. In lieu of a specific coating

requirement for sodium fluoride, the guidance for FSA shall be used unless agreed otherwise by the

Senior Principal Engineer - Water Treatment, Advisory section, EBU (noting that the product offered

by some suppliers for FSA may be excessively conservative for sodium fluoride, so there is potentially

scope for suppliers to propose a less conservative coating).

A 24-hour hydrostatic leak test shall be conducted on a bund prior to the first filling of the saturator with

sodium fluoride.

3.3.2 Bund Instruments

The bund shall incorporate a high level switch and a conductivity analyser.

The high level switch will generate an alarm when the level in the bund reaches 10% of the combined

sodium fluoride saturator and solution tank volume. This alarm will initiate a shutdown of the saturator

water supply (but not interrupt supply to other services such as the emergency shower and eyewash).

The high level swit th a closed circuit that is de-energised on

high level, such that an open circuit triggers the alarm).

The conductivity analyser will indicate whether the bund contains high conductivity (i.e., saturated

sodium fluoride solution) that must be contained, or moderate conductivity (i.e., service water) that may

be disposed to site drainage.

Both instruments shall be readily accessible for maintenance and testing tasks.

3.3.3 Waste Containment and Drainage

The bund will be provided with a lockable manual drain valve (normally locked closed) that allows its

contents to be disposed to site drainage if is determined that the bund contains water. The bund will also

be provided with a lockable manual pumpout valve (normally locked closed) that allows the bund to be

emptied via a pump out point12. 

The drainage from within the sodium fluoride dosing room will be managed as follows:

• The saturator and solution tank overflows and drainage lines, which will most likely contain

saturated sodium fluoride solution, must be directed to the chemical bund.

• The drainage from the dosing panel drip trays, which will most likely contain saturated sodium

fluoride solution, must be directed to the chemical bund.

• The drainage from the wash trough in the sodium fluoride dosing room is expected to consist

mostly of water with a slightly elevated fluoride concentration. It may be directed to the site

drainage unless advised otherwise by a Water Corporation Environmental Advisor.

                                                     
12 A waste containment tank is not part of the standard design for sodium fluoride systems. Standard designs for bulk delivered liquid chemicals

include a waste containment tank that is used to contain small spills that occur on the chemical delivery apron. The opportunity is then taken

to use that tank to also collect small spills from the bund. The ability to drain small spills from the bund allows the plant to continue to operate

following small spills, and waste tankers need not be called out to manage small volumes of waste. Sodium fluoride is not delivered as a bulk

liquid, so it does not have a delivery apron or waste containment tank. While it may be convenient to have a waste containment tank for sodium

fluoride systems, this has been avoided due to the cost. As fluoride dosing may be interrupted if there is solution in the bund, the current

position is to provide a pump-out point only and cease operation until the bund has been emptied. In the case of very small spills, it may be

possible, with the approval of a Water Corporation Environmental Advisor, to dilute the spill with water and discharge it to the site drainage.

Otherwise, it may be possible to manage small spills as per the SDS. 
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• The softener regeneration wastes will consist of small volumes of water with elevated salt

concentrations. See section 4.1.4 for management options.

• Any maintenance drainage from the dosing lines that have not been flushed should be collected

in a suitable, appropriately labelled, portable chemical container, for return to the saturator or

disposal according to the SDS.

As sodium fluoride solution is a colourless liquid which visibly resembles plain water, any liquid within

the bund shall be considered and managed/handled as sodium fluoride solution until proven otherwise.

3.3.4 Grid Mesh 

Where all or part of the room floor forms the chemical bund, the bund shall be covered with DS100

compliant FRP grid mesh grating which shall:

• be moulded type with square mesh pattern to provide bi-directional strength;

• have a non-slip grit top surface;

• be fastened in place using 316 SS clips to prevent sliding and overturning; and

• have any shop or field cuts coated with resin to provide maximum corrosion resistance.

If any part of the bunded area is to remain uncovered by FRP grating, then that area should be provided

with edge protection in accordance with S151 and AS1657, plus shall at a minimum include a barrier

comprising a kick plate, mid rail and upper rail, with appropriately spaced stanchions.

As far as practicable, piping and valves shall not be placed below the grating. Where items must be

placed below the grating, the grid mesh shall have a layout which enables maintenance access to

pipework, valves, and equipment by incorporating readily removable sections; and equipment and valve

spindles shall not protrude above the grating where they could cause a tripping hazard.

Where cut outs are required in the FRP grating, then proper strengthening and support of the modified

grating shall be carried out by qualified designers and installers to ensure its integrity is not

compromised.  Open holes in the grating as the result of the cut out shall be covered with a removable

cut-to-shape FRP cover securely supported and clipped.

The design shall consider the loading on the grating and its support structure if vehicles, such as pallet

jacks, are used to move a pallet of 5 kg canisters over the grating. Fixed barriers shall be used to prevent

pallets being placed, or vehicles traversing, grating that is not designed for that load.

Structural FRP members shall be secured to the concrete floors and walls using 316 SS chemical bolts.

The concrete to baseplate interface shall be grouted to prevent liquids collecting underneath.

3.4 Sodium Fluoride Storage Area

A designated storage area for boxes of 5 kg sodium fluoride cannisters shall be provided.

The Region shall be consulted during Engineering Design to determine the amount of sodium fluoride

powder required to be stored at site.

For larger volumes of sodium fluoride, the storage area may be in the form of a secured pallet storage

area. For volumes less than half a pallet, the storage area may be in the form of shelving13 for boxes of

fluoride canisters.

For sites where pallet handling is required the logistics of unloading and moving of pallets will need to

be determined in consultation with the Region during Engineering Design. Arrangements for lifting

pallets off the delivery truck, placing them in storage, and any other movements on site, shall be clearly

                                                     
13 The storage area needs to be lockable to comply with the security requirements of AS4452. While shelving is suitable in the dosing room

because it is a securely locked area, if the sodium fluoride is stored in a general storage area, then a lockable storage cabinet is required for the

sodium fluoride cannisters.
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defined, and the need for provision of a forklift, pallet jack or similar handling equipment at site shall

be clearly identified.

While the sodium fluoride storage is commonly within the sodium fluoride dosing room, a separate

building or secure shed may be considered if storage is not possible in the sodium fluoride dosing room,

or it is more cost effective to store separately. Note that some Districts may elect to split their powder

storage such that a small volume is available on site, and the main storage area is in an off-site storage

facility, such as a depot.

In all cases, the sodium fluoride storage shall comply with AS 4452, DS 79 and this Design Standard,

even if separate from the sodium fluoride dosing room, including incorporating the relevant building

signage. The sodium fluoride powder storage area must be designed in such a way that the powder is

kept dry14 and segregated from incompatible materials (e.g., acids, oxidising agents, flammables, and

combustibles), and for sites with the potential for storage of more than 1,000 kg of sodium fluoride, at

least two means of access and egress shall be provided for storage areas. Although bunds are not strictly

necessary for the powder storage area, the facility must be designed for spill containment and for easy

spill cleanup.

3.5 Ventilation and Cooling

The sodium fluoride dosing room shall be ventilated in accordance with DS30-02 (which references AS

1668). There are two objectives relating to the ventilation of the sodium fluoride dosing room:

• The first objective is to ensure a temperature range compatible with the operation of the electrical

and control equipment in the room, the storage of sodium fluoride powder15, and the thermal

safety and comfort of operators.

• The second objective is to ensure the sodium fluoride dust concentration in the atmosphere

remains below the OHS limits specified in the SDS; while this design standard aims to minimise

dust release in the preparation of saturated sodium fluoride solution, fugitive emissions may

occur, and accidental spills remain possible.

Natural ventilation is preferred over mechanical ventilation as it does not require redundancy, nor does

it incur running costs. However, sodium fluoride dust meets the definition of a Type A effluent under

AS 1668, necessitating mechanical ventilation of the sodium fluoride dosing room during loading of

powder canisters into the batching tank. Thus, the normal minimum requirement is continuous natural

ventilation combined with mechanical extraction for use when personnel are in the sodium fluoride

dosing room.

Mechanical ventilation shall be activated by dis-arming of the security system prior to entry into the

sodium fluoride dosing room. Consideration should also be given to the need for additional control from

a temperature switch located inside the building so that the mechanical ventilation automatically

operates to ventilate the sodium fluoride dosing room when a temperature setpoint is reached.

The ventilation system shall comply with the relevant requirements of AS1668 and should also

incorporate the following key features:

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

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

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

• The minimum total area of natural direct ventilation external openings should be not less than 5%

of the floor area in the sodium fluoride dosing room (per the National Construction Code for a

Class 8 building).

                                                     
14 While the powder should be protected from moisture as it is in sealed containers, the containers are to be kept dry irrespective to protect the

integrity of their labelling and that of their cardboard storage boxes.
15 The SDS for sodium fluoride states that it should be stored in a cool, dry, and well-ventilated location, but it does not provide any specific

guidance on maximum temperatures or ventilation rates.
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• Openings for natural ventilation should be positioned on opposite sides of the room to maximise

cross-draught. Consideration should be given to enhancing the natural ventilation rate by

positioning inlet vents on the side of building exposed to prevailing winds.

• 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 mechanical exhaust system shall be designed to achieve a minimum 5 L/sec per m2 of floor

area (based on Plant Room enclosure type in AS1668.2). 

• Ventilation openings shall be designed to withstand bushfire attack in accordance with AS 3959,

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

fitted with tropical midge mesh inside to prevent vermin ingress.

3.5.1 Air-conditioning

In some locations, cooling (e.g., split system air-conditioning) may be required to achieve the

environmental requirements (i.e. humidity and/or temperature) for the operation of electrical and control

equipment, and/or to provide a safe and comfortable working environment for operations and

maintenance staff, particularly in hot locations. Designers shall consider internal and external heat loads

and temperature rise to determine if refrigerative cooling is warranted. In the case where cooling is

needed for electrical and control equipment only, Designers shall consider whether cabinet coolers are

a technically appropriate solution and whether they have a lower whole-of-life cost than air-conditioning

of the whole room. 

3.6 PPE and First Aid Storage

Facilities shall be provided either in the sodium fluoride room, or conveniently located within the

broader water treatment plant, for storage of the Personnel Protective Equipment (PPE) and first aid

equipment that is required for use in the sodium fluoride dosing room (refer to the SDS and Water

Corporation OHS and PPE requirements).

3.7 Personnel Doors

Normal entry to the sodium fluoride dosing room shall be via personnel doors, which will then provide

access to open any roller doors from the inside (to avoid having external locks on roller doors). The

location of personnel doors, the number of doors required, and the separation and segregation distances

shall be in accordance with AS 4452.

In the case of new builds, the PTM specification details personnel door requirements.

In the case of retrofits, it should be noted that personnel doors 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

hydraulic-operated door anti-slam closer/dampener shall be provided for each door leaf. They shall be

fitted with crash-bars on the inside for use as emergency exits. They shall include catches for holding

the door in the open position. Rebound rubbers shall be provided externally to prevent the doors

swinging fully open and knocking the walls.

Doors shall be fitted with the signage designated in Section 9 of this standard.

3.8 Lighting

Lighting (including internal lighting, emergency lighting, external entry lighting) shall be provided in

accordance with the requirements of DS28. Exterior lighting would normally only be illuminated when

the site or building security system is disarmed (i.e. during attendance). Lighting on internal roads shall

be provided if operational access is required outside of daylight hours.
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3.9 Platforms and Stairways

The design shall avoid the requirement for platforms and stairways so far as is practical. Where

unavoidable, platforms and stairways shall at a minimum comply with DS 30-02, AS 1170, S151

Prevention of Falls, AS 1657, and DS 100 Suspended Flooring (Grid Mesh and Chequer Plate).
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4 PROCESS EQUIPMENT

4.1 Water Softener 

4.1.1 General

A water softener shall be provided for the sodium fluoride saturator make up water supply if the site

service water supply16 has a hardness greater than 50 mg/L as CaCO3. This is to minimise calcium

fluoride and magnesium fluoride precipitate formation in the saturator17.

The softener shall be a fully automatic simplex ion exchange type unit with resin regeneration achieved

using sodium chloride. After softening the hardness should be less than 10 mg/L as CaCO3.

The water supplied to the softener should be potable water (a chlorine residual is not necessary; in fact,

high chlorine concentration may prematurely degrade the resin) and must meet the requirements of the

softener supplier.

Water sample points shall be provided immediately upstream and downstream of the softener to allow

the operator to regularly confirm correct operation of the unit using a water hardness test kit or

colorimetric test strips. The Designer shall ensure there is sufficient storage for the necessary test

equipment either within the sodium fluoride dosing room or the broader water treatment plant.

A motorised isolation valve shall be provided upstream of the softener (but downstream of the safety

shower and eyewash) to allow for the automatic shutdown of the water supply to the softener when

levels in the saturation or solution tanks reach their high-high level or the bund reaches high level.

Ideally, the softener control shall incorporate a discrete electrical output to advise the control system

when the softener is in regeneration mode to facilitate temporary isolation of the makeup water supply

to the saturator. Typically, the softener should be set to regenerate at 1:00 AM in the morning to limit

the likelihood of an automated softener regeneration interfering with manual sodium fluoride loading.

4.1.2 Salt Requirements

The salt used for regeneration of the water softener resin shall satisfy the requirements of Water

Corporation SPS401 Sodium Chloride and shall be a water softener grade product. The Designer shall

ensure there is sufficient storage, either within the sodium fluoride room or the broader water treatment

plant, for any regeneration salt that might be required.

Civil Work Order – Weekly Task

Salt level in the softener should be checked and refilled as necessary.

4.1.3 Softener Performance Monitoring

A monthly water hardness test should be carried out to identify operational or performance issues with

the softener. A sudden decline in performance may indicate exhaustion of the brine, a blockage in the

brine system, or the need for more frequent regeneration. A gradual long-term decline in performance

may indicate degradation of the ion exchange resin which will need to be periodically replaced.

                                                     
16 The Designer should also consider the feasibility of alternatives to softening such as the use of any other sources of low hardness water if

there are any e.g. RO permeate in the case of a desalination plant.
17 At 50 mg/L of hardness, a saturator for a 1 ML/d plant will accumulate about 1 kg/a of precipitates (dry weight) plus up to 5 kg/a of insoluble

materials (dry weight) from the NaF product itself (if it is within specification). Note that the wet weight will likely be multiples of the dry

weight. As mechanical softeners are low cost and low maintenance, a softener may still be considered for hardness below 50 mg/L to further

reduce the frequency of saturator desludging.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/131394209
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Civil Work Order – Monthly Task

Hardness test shall be carried out and recorded by the operator to identify any operational or

performance issues with the softener.

4.1.4 Water Softener Brine Waste Stream Disposal

Water softeners are intermittently regenerated and produce a brine waste stream during regeneration.

This stream will contain elevated concentrations of sodium, calcium, magnesium, chloride, and other

ions that may be present in the site service water supply. A drain shall be provided to collect this

regeneration waste. The drain will be routed to an appropriate disposal or collection point. The options

for disposal are given below in order of preference:

• Discharge to site drainage (e.g., infiltration sump or soakwell) if environmentally acceptable,

preferably with dilution by other streams suitable for environmental discharge.

• Discharge to a lined evaporation area if a suitable area is available, and climate is suitable.

• Collection in a sump or tank for cartage to off-site disposal. 

The advice of a Water Corporation Environmental Advisor shall be sought to confirm the preferred

water softener brine management option for the proposed site.

4.2 Sodium Fluoride Batching System

4.2.1 General

The sodium fluoride batching system shall comprise a two-tank arrangement consisting of a saturation

tank and a clear solution tank.

To operate the system sodium fluoride powder is loaded into the saturation tank. The water level in the

saturation tank is made up with softened water. A mixer circulates the water for a predetermined period

to ensure it becomes saturated. After a period of settling the saturated solution is then decanted across

to the clear solution tank through a filter/strainer.

4.2.2 Tank Separation 

The saturation and solution tanks shall be located a minimum of 1 m apart as AS4452 defines tanks

greater than 450 Litres as bulk storages and requires such tanks be separated by a minimum of 1 m.

4.2.3 Saturation Tank 

The saturation tank shall be fabricated from HDPE sheet18 and have a design life of 25 years. The tank

shall have a flanged lid to allow the entire top of the tank to be removed to facilitate periodic cleanout.

The design of the tank shall include the necessary reinforcing and/or additional supports needed to

manage the weight of the equipment mounted on its lid and the torque associated with the operation of

the mixer.

The saturation tank shall be provided complete with:

• Sodium fluoride bottle loading assembly mounted on the tank lid (refer to section 4.2.5).

• Mixer mounted on a flange connection (typically DN250) on the tank lid.

                                                     
18 Indicative guidance on the standards to be applied in the design, manufacture and testing of this tank may be drawn from SPS 497

Polyethylene Tanks for Chemical Service, although this SPS does not need to be strictly adhered to for this application.
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• Level transmitter (preferably radar type) mounted on the tank lid. Used for providing water levels

and alarms for control of tank filling and decanting.

• Toroidal conductivity analyser mounted on the tank lid. Used for identifying understrength

sodium fluoride solution. The conductivity toroid should be oriented so that sodium fluoride

powder does not settle onto the toroid causing an incorrect reading.

• Clear window panel in the side of the tank at the level of the sodium fluoride bed to allow a visual

check of the presence of material in the saturator (the window is typically mounted on a DN200

flange centred approximately 300mm above the tank floor)19.

• Access/inspection hatch (DN250) on tank lid with clear plastic window, secured with wing nuts.

Also used for emptying solids from the tank with a wet vacuum unit.

• Flanged vent line (typically DN80).

• Flanged fill line (minimum DN50 with fittings to step the connection down to DN25)20.

• Flanged overflow line (minimum DN50).

• Flanged process connection (minimum DN50 with fittings to step the connection down to DN25)

for the decant to the solution tank.

• Flanged drain line (minimum DN50).

It is possible that the saturation tank vent could expel dust from the head space in the saturator during

and shortly after cannister unloading. Historically, Water Corporation has not taken any specific action

to reduce the expulsion of dust through the vent but has simply directed the vent outside of the building

to eliminate any risk within the enclosed sodium fluoride dosing room. This standard includes the

following two passive measures to minimise the risk of dust exposure via this route:

• To allow dust to settle back into the tank the vent line from the saturator shall be designed with a

vertical section above the tank. The vent should rise vertically from the saturator tank, before

exiting the building through the wall. On the exterior of the building, the vent discharge point is

to be located away from any thoroughfare and any building ventilation opening to minimise the

dust exposure risk to personnel and/or the public. Per DS 79-05, the vent shall be brought back

down the side of the building and terminate about 500 mm above the finished ground level.

• To allow dust in the head space of the tank to settle prior to filling and expulsion of the air in the

headspace of the tank through the vent, the design will include a short delay between emptying

of a cannister into the saturator, and the start of the saturator fill sequence.

The termination of the air vent line outside the building shall include a tropical midge mesh or gauze

cover to prevent insects and other wildlife from entering the vent line.

The overflow pipe is to include a dropper in the tank that extends below the normal liquid operating

level in the tank (but not into the solids operating level) so that dust isn’t expelled into the room via the

overflow. It is to have a small hole drilled at the elbow in the tank to prevent siphoning.

4.2.4 Saturator Sizing

The capacity of the saturator is a compromise between the frequency at which the operators need to top

up the sodium fluoride powder and the costs and challenges associated with a larger tank.

                                                     
19 At Denmark WTP the saturation tank has been fitted with an internal light to try and improve the observation of the powder level in the tank.

At Capel and Donnybrook WTPs the flange for the observation window has been mounted off horizontal to try and prevent powder hanging

up on the inside of the flange and obscuring the window. Neither form part of the standard at this stage but may be if successful.
20 Threaded connections have historically been used for the smaller process connections on these tanks; however, based on operational

experience, threaded connections should be avoided with any future builds, and flanged connections are nominated here for improved durability

and easier control of leakage.
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Regional stakeholders should be consulted to determine the acceptable frequency of sodium fluoride top

up. Unless agreed otherwise, the design should be based on a top up of once per week at maximum plant

flows and dose rates. Note that multiple 5 kg canisters are likely to be loaded at each top up.

The saturator tank should have a sidewall height of approximately 1.2 m to 1.3 m to allow easy access

to the equipment mounted on the tank lid.

The diameter of the saturator should be calculated based on a maximum slurry level no less than 200

mm below the decant pipework and on a nominal 100 to 200 mm of bed depth being consumed between

top ups. A bulk density of 1,200 kg/m3 should be used in calculating the bed volume. A minimum

diameter of 1m is recommended to provide sufficient stability and space on the lid of the tank for

equipment.

The maximum and minimum operating bed depth should be clearly stated on a sign located close to the

saturator.

4.2.5 Sodium Fluoride Bottle Loading Assembly

The sodium fluoride saturator tank shall be fitted with ProMinent proprietary 5 kg sodium fluoride

bottle loading assembly complete with integral bottle foil seal cutting blade, bottle wash water system

and protective lid. The ProMinent part number for this assembly is PA28003040.

With this assembly, the bottle flushing is initiated by the Operator by pressing a push button which

opens a solenoid valve on the water supply line for a preset time. The flushing push button shall be

located where it can be accessed by the Operator while standing next to the saturator.

It should be noted that the removal of inadequately washed sodium fluoride cannisters and/or the

removal of a cannister prior to settling of the sodium fluoride dust in the head space of the tank

(particularly if the bottle loading assembly is left open and not closed) represent the most likely potential

source of fugitive emissions of sodium fluoride into the dosing room. It is therefore important that the

bottle-flushing and water spray is effective and includes a sufficient wash time.

4.2.6 Mixer

The mixer must be capable of mixing the powder that settles and accumulates in the base of the

saturation tank. Care must also be taken in sizing the mixer, and designing the tank, to ensure that the

torque applied to the tank by the mixer does not risk the structural failure of the tank.

4.2.7 Conductivity Analyser

Rather than insert through the side of the tank, to eliminate a point of potential leakage, the toroidal

conductivity analyser should be mounted on a ‘p ted from the top of the tank. The conductivity

analyser should be mounted horizontally (with the orifice aligned vertically) at the end of the pole to

reduce the likelihood of undissolved sodium fluoride power accumulating on the sensor head. The depth

of the sensor head should be just below the tank decant piping level.

4.2.8 Sodium Fluoride Decant Piping

This pipework supplies sodium fluoride solution from the saturator to the solution tank.

The process connection should be approximately halfway up the sidewall of the saturation tank

(nominally 600 to 700 mm from the tank floor). This is to ensure that the pipework entry is clear of the

settled sodium fluoride slurry and that there is also an adequate volume of solution above the pipework

entry to transfer to the solution tank.

The pipework between the saturator and solution tank shall be fitted with a pair of motorised ball valves

that control the decant between the tanks. An 80μm Y-body PVC line strainer will be installed between

the valves to prevent unsaturated solids from passing to the solution tank. Using a solenoid valve, a

softened water line will backwash the strainer into the saturator tank prior to each decant operation. The
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volume of backwash water must be such that it does not overflow the saturator tank. Note that the first

(upstream) motorised ball valve shall be placed as close to the saturator tank as possible to reduce the

length of pipeline that requires flushing. Decanting will be inhibited for a period after cannister loading

to allow the undissolved sodium fluoride in the tank to settle.

The pipework between the tanks is to be horizontal with adequate support provided to the pipework and

its appurtenances. 

4.2.9 Solution Tank 

The solution tank shall be fabricated from HDPE sheet21 and have a design life of 25 years. The tank

shall have a flanged lid to allow the entire top of the tank to be removed to facilitate periodic cleanout.

The design of the tank shall include the necessary reinforcing and/or additional supports needed to

manage the weight of the equipment mounted on its lid. 

The solution tank shall be provided complete with:

• Level transmitter (preferably radar type) mounted on the tank lid. Used for providing water levels

and alarms for control of decanting and dosing pumps.

• Access/inspection hatch (DN250) on tank lid with clear plastic window, secured with wing nuts. 

• Flanged vent line (typically DN80).

• Toroidal conductivity analyser mounted on the tank lid. Used for identifying understrength

sodium fluoride solution. A low conductivity alarm from this analyser will indicate when

understrength solution is being transferred to the dosing system.

• Flanged fill line (minimum DN50 with fittings to step the connection down to DN25) that receives

the solution decanted from the saturator tank.

• Flanged overflow line (typically DN50).

• Flanged process connection (minimum DN50 with fittings to step the connection down to DN25)

for the supply to the dose panels.

• Flanged drain line (typically DN50).

• Flanged solution return lines from dosing panels (minimum DN50 with fittings to reduce the

connection down to DN15).

The sidewall height, and the operating and overflow levels of the solution tank shall be equal to the

sidewall height and operating and overflow levels of the saturation tank.

The diameter of the solution tank shall be determined based on the volume of solution that needs to be

available between decant operations from the saturator; however, a minimum diameter of about 1m is

recommended to provide sufficient structural stability and reserve storage.

The termination of the air vent line outside the building shall include a tropical midge mesh or gauze

cover to prevent insects and other wildlife from entering the vent line.

4.2.10 Sodium Fluoride Dose Panel Suction Piping

This pipework supplies sodium fluoride solution from the solution tank to the dosing panels. The

pipework shall have the suction line to the dosing pumps as short as possible. The diameter of this pipe

should be at least equal to, or larger than, the dosing pump suction and discharge port diameters. This

pipe should be located at least 100mm above the floor of the sodium fluoride solution tank, to reduce

the risk of drawing in any solids that settle in the tank.

                                                     
21 Indicative guidance on the standards to be applied in the design, manufacture and testing of this tank may be drawn from SPS 497

Polyethylene Tanks for Chemical Service, although this SPS does not need to be strictly adhered to for this application.
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The solution tank outlet shall be fitted with a manual isolation valve that is easily accessible. Ideally,

the process line should rise from the tank to the level of the dosing pumps. If the process line has a low

section between the tank and the dosing panel, it is necessary to provide a manual drain valve along this

line to facilitate emptying prior to maintenance. As these valve/s have the potential to drain the sodium

fluoride solution tank, their open/close position along with their purpose shall be clearly marked and

their handles shall be lockable to prevent inadvertent incorrect operation. These valve/s shall be located

at the lowest point along the process line.

4.3 Sodium Fluoride Dosing System

The dosing system shall be designed in accordance with DS 78 Chemical Dosing and the requirements

of this standard as outlined below.

4.3.1 Dosing Setpoint

The target for the fluoride concentration in the receiving water main should be set 0.05 mg/L below the

DoH nominated optimum concentration documented in Water Corporation Standard S010 Drinking

Water Quality Performance22.

For locales with a DoH objective of 0.8 mg/L the target residual should be 0.75 mg/L.

For locales with a DoH objective of 0.9 mg/L the target residual should be 0.85 mg/L.

4.3.2 Dosing Panels

The sodium fluoride dosing equipment will be mounted on a pair of duty/standby dosing panels. 

Each dosing panel shall consist of a minimum 12mm thick PVC board on which the dosing equipment

is mounted. Each dosing panel shall have an integral PVC drip tray at its base, running the full length

of the panel, which is graded to a drain. The drain shall be piped to the bund sump. The drip tray shall

extend clear of the panel and all equipment mounted on it so that all chemical leaks are captured by the

tray.

The two dosing panels shall be fully enclosed in a cabinet to contain any leaks or chemical sprays. The

cabinet shall incorporate a solid top, bottom (potentially integral with the drip tray) and sides. It shall be

fitted with clear Perspex doors (equipped with closing latches) that cover the full face of the dosing

panels. The two dosing panels will be separated in the cabinet via a central vertical divider that isolates

the panels from one another. Each panel shall have its own independent door so that one panel may be

online with its door closed and the other offline with its door open. The cabinet shall incorporate a

durable structural frame that includes lifting lugs to enable easy placement and future removal of the

entire assembly.

Equipment and piping shall be neatly arranged on the dosing panel. Different pipe sections shall not

cross each other unless unavoidable. The layout of the dosing equipment on the panel shall be such that

with the door fully open there will be unobstructed access to all equipment.

The panels shall be laid out, and positioned in the dosing room, such that maintainers are able to easily

remove and replace any fittings/joints that fail in future.

No piping or cabling shall enter or exit the panel from behind. Everything is to enter and exit the panels

from the side to allow the panels to be flush mounted against the walls of the dosing room with no need

to ever access the rear of the panel.

                                                     
22 The reason for this is that the DoH stipulate a permissible fluoride concentration range of 0.1 mg/L above to 0.2 mg/L below the nominated

optimum. Selecting a target 0.05 mg/L below the nominated optimum allows an excursion of 0.15 mg/L either side of the target residual before

an exceedance occurs, reducing the relative likelihood of overdosing.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58539231
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58539231
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Flushing connections shall be provided to allow all the dosing panel equipment to be flushed with water

prior to disassembly for maintenance. Flush water may be discharged to the dose point, when operational

circumstances permit, or otherwise captured for disposal.

The dosing panel shall be placed at a height such that it can safely be accessed by the operator. 

The preferred arrangement is to install the dosing pump and its power outlet outside adjacent the cabinet

with the dosing pump head protruding through the side wall of the cabinet (refer to examples in

Chemical Barrier Protection design standard DS79-03). However, if junction boxes, GPOs and other

electrical equipment are placed within the dosing cabinet, then they shall be appropriately IP rated

(nominally IP66 unless determined otherwise).

Room lighting shall be designed to ensure that there is sufficient illumination within the dosing cabinet

for all operational and maintenance tasks.

4.3.3 Calibration Tube

A calibration tube shall be installed on the suction side of the dosing pumps. The calibration tube is used

for fault finding and for establishing the performance of new and replaced pumps. It should be sized

such that in one minute the liquid drops a distance at least equal to the diameter of the tube. The tube

shall have sufficient capacity to allow a single calibration run of at least five minutes duration when

operating the dosing pump at full design flow rate. However, the tube should not be oversized such that

the duration of the calibration run is inconveniently long.

The calibration tube shall be constructed out of clear PVC or a similar plastic and clearly marked with

volumetric gradations.

The calibration tube shall be mounted above a normally closed manual isolation valve. The design shall

allow the calibration tube to be gravity filled from the saturated sodium fluoride solution tank, by

opening of the isolation valve, so that the pump can be safely calibrated without manual handling of the

chemical.

To avoid spillage of the chemical from the top of the calibration tube the top of the tube shall be taller

than the solution tank and/or include a vent line that returns to the solution tank.

4.3.4 Filters

An 80 um cartridge filter shall be installed upstream of each dosing pump to prevent solid impurities

from blocking or damaging the dosing pump or downstream equipment. 

4.3.5 Sodium Fluoride Dosing Pumps 

Dosing pumps should be selected from the Grundfos DDA range and shall incorporate the ancillary flow

control module (FCM)23. When purchasing these pump ty should be specified as specific

materials are required for use with fluoride24, including sapphire pressure sensor elements.

Grundfos DDA-FCM pumps have been proven on other sodium fluoride plants. Pumps from other

manufacturers may be considered on a case-by-case basis provided they have the same features as the

Grundfos DDA-FCM pumps25. Any change in pump manufacturer is to be approved by Water

Corporat pal Mechanical Engineer, Advisory, EBU.

Each pump shall be mounted on a PVC plinth attached to the dosing panel so that the pump can be

adequately accessed from all sides that require adjustment and servicing. Dosing pumps have generally

been mounted low to avoid suction side problems. This can place the pumps at an awkward working

                                                     
23 The FCM calculates the flow being delivered based on monitoring of pressures within the dosing head. Water Corporation has found that

the flow determined by FCM enabled DDA pumps can be more accurate t - ters (Nexus: 174015841).
24 Example pump order code (note: actual code depends on pump capacity): DDA 12-10 FCM-PV/T/C-F-31U2U2IS
25 In considering alternate pumps, the designer shall evaluate materials compatibility and assess the need for pulsation dampeners and

flowmeters (and ensure that they are included in the design if needed for the selected pumps).

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/174015841
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height for O&M personnel. As far as practical, without compromising pump suction requirements,

pumps should be placed at a comfortable working height for operators and maintainers.

The preferred connection type (up to 9 mm ID) for small DDA dose pumps is flexible hose, and for

larger sizes rigid PVC. To ensure reliable connections (i.e. hose connectors with size that suits the

flexible hose), it is recommended to use pump/hose connection kits/sets and flexible hose from the pump

manufacturer. Where used, pump suction and discharge flexible hose material shall be compatible with

the chemical. The preferred hose type is braided (textile reinforced) clear PVC minimum PN16 hose

(e.g. 6 mm ID/12 mm OD by Grundfos - i.e. refer to their "Hoses for pump connection size G 5/8").

Hoses shall be protected from direct sunlight.

The control of the dosing pumps is described in the reference Functional Control Descriptions. Flow

measurement of the dosed sodium fluoride is required for verification of the delivered dose. Feedback

for the flow control loop shall utilise the flow calculated by the FCM, which provides a simpler design

than having a separate magnetic flow meter.

The integral pressure sensor within the pump should be programmed to trip the pump at 90% of the

Pressure Relief Valve setpoint. Typical pressure settings for a system where there is up to 100 kPa of

potential back pressure at a dosing point on a clearwater tank inlet are: 

• 500 kPa for the Pressure Relief Valve, 

• 450 kPa for the pump trip based on its internal pressure sensor, 

• 300 kPa for the dose panel Pressure Sustaining Valve, and

• 200 kPa for the dose point Pressure Sustaining Valve.

4.3.6 Pressure Relief Valve 

A pressure relief valve shall be installed on the discharge side of each dosing pump. The purpose of the

pressure relief valve is to protect the system from overpressure in the event of a downstream blockage

or accidentally closed valve.

The pressure relief valves shall be plumbed to return any excess sodium fluoride solution back to the

solution tank. The pressure relief valves from each of the dose panels shall not share a common return

line. This is to ensure safe segregation of the two systems.

The pressure relief valves shall be set to open on failure (fail open).

Commissioning Check

Pressure relief valves shall be fitted with carseals to protect against unauthorised adjustment. The

pressure setting of safety relief valves shall be shown on P&IDs and Process Safety Plans and

recorded on a red tag attached to either the valve body or the carseal.

4.3.7 Pressure Gauge

A DS40-09 compliant pressure gauge shall be installed downstream of each dosing pump.

The gauges shall have a minimum display diameter of 100mm, and sufficient range to allow setting of

the dosing panel pressure sustaining valve and to assist in continuous monitoring of correct pump

performance. They shall be scaled so that the operating pressure is a maximum of 75% of full scale.

The gauges shall incorporate a diaphragm barrier seal to prevent sodium fluoride coming directly into

contact with the gauge components.

https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiCvqzcu_eLAxXzaPUHHZSLL84QFnoECBMQAQ&url=https%3A%2F%2Fapi.grundfos.com%2Fliterature%2FGrundfosliterature-288192.pdf&usg=AOvVaw2RwHFvXhPu_7OwrvIno2ka&opi=89978449
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This pressure gauge serves in setting the setpoint for the pressure relief valve (refer to section 4.3.6) and

for the pressure sustaining valve (refer to section 4.3.8).

4.3.8 Air Vent Valve

A manual air vent valve (normally closed) shall be included on each dosing panel downstream of the

dosing pump and upstream of the pressure sustaining valve. The purpose of this valve is to allow the

manual venting of air during start up and commissioning. It may also be used to depressurise this part

of the dosing system prior to maintenance. All pipework on the panel shall slope upwards to the air vent

valve.

The pipework from the air vent valves shall return to the sodium fluoride solution tank. A common

return line to the solution tank may be used for the air vent valve and the pressure relief valve on each

panel. However, each panel is to have its own return line to the solution tank to ensure safely segregated

flow paths between the two panels.

4.3.9 Pressure Sustaining Valve

A pressure sustaining valve shall be installed on the dose panel downstream of each dosing pump. The

purpose of the pressure sustaining valve is to hold a preset minimum pressure at the dosing pump

discharge. This improves the accuracy of dosing by providing and maintaining the back pressure

required by the dosing pump to discharge accurately metered quantities of solution.

The optimal pressure sustaining valve setting is dependent on the normal range of operating pressures

that will occur downstream of the pressure sustaining valve. At a minimum, the pressure sustaining

valve should be set at the greater of:

• The minimum dosing pump discharge pressure that is specified by the dosing pump manufacturer,

or

• A pressure that ensures the minimum dosing pump differential pressure that is specified by the

dosing pump manufacturer is achieved (the minimum differential pressure requirement for

Grundfos DDA dosing pumps with an FCM module is usually 200 kPa), or

• A pressure equal to at least 100kPa above the maximum normal operating pressure at the dose

point26.

Note that the manual air vent on each dosing panel has been positioned upstream of the pressure

sustaining valve so that it may be used to bypass the pressure sustaining valve to allow the pump to be

primed, and to allow the system to be de-pressurised, prior to maintenance, should the pressure

sustaining valve become blocked or fail.

Commissioning Check

The pressure setting of the pressure sustaining valve shall be recorded on the valve tag. 

4.3.10 Check Valve

A check valve will be installed on the dosing panel to prevent any backflow from the receiving water

main. While the PSV will by its nature provide a degree of backflow prevention, this is not its primary

purpose, and a separate check valve is required.

                                                     
26 As sodium fluoride dosing is expected to be on tank inlets it is not anticipated that high dose point pressures will be encountered.
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4.4 Dosing Lines

The default arrangement is to provide a pair of dose lines with one dose line dedicated to each pump.

Some previous designs included a cross-connection between the two dose lines so that either dose pump

can pump to either dose line. Generally, this additional level of redundancy is not warranted but may be

considered if particularly desired by a Region.

4.4.1 Fluoride Dose Point Selection

Sodium fluoride solution should be dosed upstream of a water storage tank so that the tank volume can

average out any short-term fluctuations in dose rate. Dosing sodium fluoride solution into a drinking

water pipeline that supplies customers, without an intervening storage tank, shall be avoided and will

only be permitted with approval of the Senior Principal Engineer - Water Treatment, Advisory, EBU.

Within a water treatment plant, sodium fluoride should be dosed upstream of the clearwater tank but

downstream of filters or other water treatment process units27. 

4.4.2 Dilution Water

Due to scale formation risk, sodium fluoride solution is p t to the recipient water

main using a dedicated sodium fluoride dosing line. Dilution water shall only be considered if there is

an indication that the process control cannot achieve a consistent and reliable fluoride concentration in

the receiving water. All other engineering options to overcome this situation should be investigated

before considering dilution water28.

Should the use of dilution water be unavoidable, an assessment must be made to check the viability of

using site service water as dilution water. The assessment must show that the dilution water will not

cause scaling in pipelines when it is mixed with the sodium fluoride solution. If dilution water must be

used, and it has the potential to cause scale, then the dilution water must be softened or demineralised.

Sodium fluoride solution has been successfully dosed into the chlorine gas solution line in other

facilities. The acidity of the chlorine gas solution can suppress scale formation when the available

dilution water supply has slightly elevated hardness, however this will not work in instances of moderate

to high hardness or where sodium hypochlorite is used for chlorination. The combination of acidity and

sodium fluoride will also increase the chemical hazard, so a specific review of safety risks and additional

barrier protection will be required if saturated sodium fluoride solution is mixed with chlorine gas

solution.

Sodium fluoride solution has also been successfully dosed into Calgon  dosing lines. The antiscalant

properties of Calgon suppressed scale formation in the dosing line and at the dose point. A detailed

assessment of precipitation potential should be undertaken if this approach is to be considered. 

4.4.3 Dosing Lines 

Dosing lines may be installed in a culvert, pipe tray or direct buried. If buried, then the depth of cover

shall consider the traffic conditions above the pipeline, and permanent pipe markers shall be installed in

accordance with DS 79-04 Chemical Signage, Labelling and Markers to warn operators or others

working in the area. 

                                                     
27 If sodium fluoride were dosed upstream of process units such as filters or clarifiers, then: sample water for the fluoride dosing control could

have high concentrations of iron or other materials that lead to fluoride analyser fouling; dissolved iron or aluminum that may be present in

raw bore water may interfere with the performance of ion selective analyser probes; fluoride may be lost due to precipitation with aluminium

compounds such as alum or PACl that might be used for charge neutralisation ahead of a filter or clarifier. Fluoride may also be lost through

calcium fluoride precipitation if dosed too close to limewater additions that are not yet fully mixed. There may also be fluoride loss in any

process residuals i.e. due to the recovery rate of the treatment process.
28 The issue with using dilution water is the possibility of the fluoride reacting with any calcium, magnesium, or silica that may be present in

the dilution water. The result would be scale formation in the immediate area of the mixing point and possibly further downstream. This has

resulted in complete blockage of the dosing line where dilution water has been used in past sodium fluoride facilities.
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4.4.4 High Point Vent(s)

The routing of the dosing line from the dosing pump to the dose point might create one or more local

high points that can trap air. Any air trapped in the dosing line can cause inconsistent chemical flow

resulting in fluctuating fluoride residual readings at the analyser. If such high points are unavoidable

then high point vents (a normally locked closed manual valve) shall be provided with a transparent hose

run to a safe sodium fluoride solution containment point (or waste container) to allow operations to

bleed all air from the piping at commissioning and following maintenance.

4.4.5 Dosing Spears and Quills 

Unless the receiving water is quite soft, some scale formation is likely at the point of injection of the

sodium fluoride solution into the receiving water main. As such the design of the dose point should cater

for the need to regularly remove and de-scale the dosing equipment. 

Dosing quills that can be retracted with the receiving water main in operation, such as the Trilit Q3

Injection Q ter mains (up to approximately DN400) where

the pipeline operating pressure is such that an insertion force of not more than 120 N (12 kg) is required

to insert the quill into the pipeline.

Where the Trilit Q3 Injection Q t appropriate for use due to large water main diameter, or

high operating pressure, then non-retractable dosing spears, that may only be removed when the

receiving water main is de-pressurised, shall be used. These dosing spears shall pass through an isolation

valve (gate or ball valve) at the dose point so that the receiving water main can return to operation when

the dosing spear is not in place.

Longer dosing spears in larger diameter pipes are prone to vortex induced vibration and structural

failure. Standard designs have been developed, based on API thermowell standards, to avoid this risk

and ensure structural stability for pipeline flow velocities of up to 5m/s. The following standard drawings

shall form the basis of non-retractable dosing spear designs:

• JZ39-002-001-01 Typical Dosing Array General Arrangement

• JZ39-002-002-01 Typical Sampling Array General Arrangement

• JZ39-002-003-01 Chem Dosing Std Drawing, Dosing Spear for Pipe Size DN800 and Larger

• JZ39-002-004-01 Chem Dosing Std Drawing, Dosing Spear for Pipe Size DN700 and Smaller

The dosing pipework upstream of the dosing spear shall include sufficient joints and fittings to enable

the removal of the fixed dosing spears.

Consideration should be given to the use of static mixers downstream of the dose point for the rapid

mixing and dilution of the dosed solution to minimise precipitation and scale formation and to ensure a

representative sample can be recovered at the sampling point. Refer to DS78 for additional guidance.

4.4.6 Non-Return Valve at Dosing Point

Non-return valves shall be provided on the dosing line close to the dosing point to ensure the recipient

water does not back-feed into the dosing line when the spear/s or quill/s are not in operation.

4.4.7 Pressure Sustaining Valve at Dosing Point

For dose lines greater than 10 m in length, a pressure sustaining valve and pressure gauge (upstream

side) shall be installed in each dose line local to the dosing point29. For dosing lines less than 10 m in

length, the Designer shall assess the need for these valves on a case-by-case basis.

                                                     
29 Diffusion of chemical from the dosing lines into the receiving water main can occur when the main is not flowing, particularly with long

dose lines. This can result in a slug of water near the dosing points becoming over-dosed with fluoride. When the plant next starts, this over-

dosed water is measured by the fluoride analyser and can result in a high fluoride alarm.
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Where pressure sustaining valves are installed near the dose points, the valves should be specified with

low hysteresis and be set at a low pressure relative to the pressure sustaining valve on the dose panels

so that they do not cause surging in the dose lines (nominally 100 kPa lower).

4.4.8 Flushing Connections

Flushing connections shall be provided at either end of dose lines to allow the lines to be drained and

flushed. Flushing connections shall be fitted with manual isolation valves (normally locked closed).

4.5 Sampling and Analysis

4.5.1 Sample Points

4.5.1.1 Tank Inlet Sample Point

Water shall be sampled downstream of the sodium fluoride solution dosing point to provide the feedback

for dosing control. As the receiving water main and this dosing point are normally on the inlet side of a

water storage tank this sample point is referred to as the ‘tank inlet ple point. This tank inlet sample

point provides the data for the residual trim of the fluoride dosing, alarms for high and low fluoride

concentration, and shutdown of the fluoridation system on overdosing of fluoride.

The minimum separation distance between the dosing point and the tank inlet sampling point is to be

the mixing distance advised in DS78 for the relevant receiving water main flow velocity and diameter

to achieve a mixing coefficient of variation < 0.05. An in-line static mixer shall be used if it is not

practical to achieve this mixing distance between the dose point and the sample point.

A sample spear should be used to ensure a representative tank inlet sample. Normally, a retractable

sample spear with an open end that projects 30% to 50% into the receiving water main is used, but for

some large diameter high pressure pipework a fixed sampling spear is required (based on the standard

drawings listed in section 4.4.5). The holes on the spear should face the direction of flow on the upstream

side of the spear. 

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

4.5.1.2 Tank Outlet Sample Point

Water shall be sampled on the outlet of the tank downstream of the fluoride dosing to provide additional

information about fluoridation system performance. Data from this tank outlet sample point is used to

demonstrate to DoH the stable delivery of fluoride to customers. This sampling point also provides

alarms for high, high-high and low fluoride concentration on the tank outlet. The tank outlet high level

alarm shall be set at 1.0 mg/L (i.e. the maximum concentration allowed under the Fluoridation Act). It

shall shutdown the fluoride dosing system (see section 7.4.3.2 for further details). The tank outlet high-

high level alarm shall be set at 1.5 mg/L (i.e. the maximum concentration permitted in the ADWG). It

may potentially shutdown the water supply (see section 7.4.3.3 for further details).

4.5.1.3 Number of Analysers

The sampling system shall be configured with either a:

• Dedicated analyser for each of the tank inlet and outlet sampling, or 

• Common analyser shared between tank inlet and tank outlet sampling that is fitted with a three-

way valve to alternate feed from the inlet and outlet of the tank.

For new water treatment plants, dedicated fluoride analysers for each of the tank inlet and tank outlet

should be used. While the use of a dedicated analyser adds about $10k in costs it provides greater

simplicity, redundancy and reliability than a common analyser.
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In cases where the sodium fluoride system is being retrofitted to an existing site with a three-way valve

arrangement used for tank inlet and outlet chlorine residual sampling, then the default for the fluoride

sampling would be to use the same sampling assembly as the chlorine residual monitoring and a common

fluoride analyser, unless dissolved aluminium or iron are present above their ADWG limits at the inlet

sample point. Where it is not practical to use the chlorine residual sampling assembly then separate tank

inlet and outlet fluoride analysers should be installed. In any case where aluminium or iron exceed their

ADWG limits at the inlet sample point, then separate tank inlet and outlet fluoride analysers shall be

installed, as aluminium and iron are potential foulants of fluoride analysers that may result in under-

reporting of the fluoride residual, and thus their presence at elevated concentrations in the tank inlet

sample water necessitates a separate analyser for the tank outlet to provide redundancy in fluoride

overdosing protection.

4.5.2 Sample Pump 

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

be minimised. The lag time should be less than three minutes30. A sample pump may be required to

achieve this. Water Corporation’s preferred fluoride analyser requires about 40 to 60 L/h of flow. At

this flow rate, the lag time may be too great between the dose point and analyser, especially if there is

some distance between them. So, the normal procedure is for the sample water system to operate at high

flow and velocity and then close to the analyser take a throttled sub-stream to supply the analyser.

The need for a sample pump will largely be determined by the pressure at the sample point and the

separation distance between the sample point and the analyser. In some situations, sufficient pressure

might be available to supply sample water to the fluoride analyser with minimal lag time; however, in

most situations this is unlikely to be the case. The Designer shall determine if sample pumps are

required. Key design considerations are:

• The design must consider all operational scenarios at the sample point.

• A minimum sample water pressure of 75 kPa should be available upstream of the flow control

valve used for throttling ahead of the analyser.

• A minimum sample water velocity of 1 m/s should be available in the bypass line that supplies

the analyser.

• The sample lag time between dosing and the analyser should be less than three minutes when

flow through the analyser is throttled to 40 L/h.

Stainless steel in-line centrifugal pumps are generally the preferred type of sample pump because they

are reliable and low maintenance. Water Corporation generally installs sample pumps for fluoride as

duty only units. Whilst a pump fault, and subsequent loss of flow to an inlet fluoride analyser, will

necessitate a shutdown of the fluoride dosing, this is considered an acceptable outcome within the LoS

targets for fluoridation.

Sample pump operation shall be confirmed by a flow switch.

The analyser should be supplied from a dedicated sample water supply to provide consistent flow,

pressure, and sample lag time to the fluoride analyser. Sharing of sample water piping with other systems

(e.g., site service water) is not recommended and should only occur where the designer can demonstrate

that the design will not significantly impact analyser supply pressure, flow, or lag time. While it is

normally acceptable to supply other analysers (e.g., chlorine) using a common sample water line, the

possibility of hydraulic interference should be considered.

Most of the discharge from the sample pump will bypass the fluoride analyser. The bypass line will

incorporate a pressure sustaining valve that is used to maintain a back pressure on the sample pump

discharge. On commissioning the valve will be set to achieve the required back pressure. This bypass

stream may be returned to the inlet main downstream of the inlet main sample point.

                                                     
30 Applies to tank inlet sampling only, as tank outlet sampling is not being used for dosing control.
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A small portion of the discharge from the sample pump will be directed to the fluoride analyser. The

generally preferred arrangement is to use a throttling valve to control flow rate into the analyser and a

pressure reducing valve to stabilise the downstream pressure.

In situations where the sample point pressure is highly variable a micro-gear positive displacement pump

may be used to provide a consistently metered flow of sample water to a fluoride analyser. The use of a

micro-gear pump will provide a reliable pressurised supply to overcome potential issues associated with

low and variable pressures at the sample point.  Each analyser will require a dedicated micro-gear pump

that provides a fixed sample flow of 40 to 60 L/h to the analyser. As this is a positive displacement

pump, no isolation or flow control valves shall be installed in the pump discharge. Where there is a risk

of deadheading the pump for some unavoidable reason a pressure relief valve should be installed

immediately downstream of the pump discharge. Due to the low flow rate of micro-gear pumps, this

arrangement is only likely to be feasible in situations where the sample point and analyser are relatively

close (<10m apart), and thus the loop time does not become excessive. In situations of variable pressure,

where distances are greater, the designer will need to provide alternate means (refer to DS78) of

delivering sufficient flow to the analyser within an acceptable loop time.

4.5.3 Fluoride Analyser Selection

Water Corporat preferred fluoride analyser is the ProMinent Dulcometer®.

Membrane covered ion selective electro-chemical sensors, such as the ProMinent Dulcometer®, are

preferred due to their ease of maintenance, high reliability, high resistance to cross-contamination, and

the fact that they do not require buffering solutions. However, dissolved iron and aluminium may

complex with fluoride ions causing this type of ion selective electrode to under-report fluoride

concentrations in some circumstances.

Where iron or aluminium frequently exceed their respective ADWG aesthetic guidelines (0.3 mg/L and

0.2 mg/L), or the pH is outside of the range of 5.5 to 8.5, then problems may be encountered with ion

selective electro-chemical sensors. In that situation, means to remove the interfering ions or an

alternative analyser incorporating buffering solutions may be required. The Designer should consult

with the Senior Principal Engineer - Water Treatment, Advisory, Engineering.

4.5.4 Fluoride Analyser Installation

The analyser should be installed on a sampling panel located in a sampling room, laboratory, or other

covered, temperature controlled, area suitable for instrumentation. In many applications the analyser/s

will be in the sodium fluoride dosing room.

A suitably ranged rotameter type flow indicator shall be installed upstream of the fluoride analyser for

adjusting flow through the sample cup. Glass components should not be used due to their ability to

adsorb fluoride and skew analyser readings.

A low flow switch shall be installed immediately upstream of the fluoride analyser (normally in the form

of a reed switch on the rotameter). The position of the flow switch on the rotameter shall not impede

viewing of the flow measurement.

An air vent shall be provided at a high point prior to the analyser. The vent shall incorporate a riser

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

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

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

from entering the vent line.

The flow into the sample cup containing the fluoride ion analyser shall be jetted across the bottom of

the electrode, using the propriet t Adapt provided by ProMinent, to prevent air

bubbles attaching to the probe and skewing results. 

The sample cup should incorporate the ProMinent magnetic flow mixer assembly.
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The analyser outlet stream shall incorporate a standpipe with an anti-syphon fitting to ensure that the

fluoride analyser is always flooded. For sites with high levels of chlorine in the water being analysed,

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

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

from entering the vent line.

The sample water circuit shall include a manual sample tap. The manual tap should be positioned such

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

4.5.5 Analyser Sample Water Return System 

The outflow from the fluoride analyser/s shall be collected in a return water tank and pumped back to

the receiving water main downstream of the sample point31.

The return water tank shall be at least 100 Litres and have sufficient capacity to limit the number of

starts per hour to that recommended by the manufacturer of the return pump. It shall be fitted with a

vent and an overflow pipe directed to site drainage. The vent shall discharge outside of the building to

reduce local corrosion. It should include a tropical midge mesh or gauze cover to prevent insects and

vermin from entering the vent line. The discharge of the overflow should be protected from insect and

vermin ingress (such as by use of a drain flap on its discharge) and be designed with an air gap to ensure

there is no risk of other drainage water backflowing or being siphoned into the return water tank.

The collected sample water shall be pumped back to the receiving water main via a duty only pump

package, controlled from tank low and high level switches. Capacity of the pump must exceed the

maximum inflow rate of the return water tank The pump shall be supplied with electricity from a GPO

and will not interface with the control system32. 

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

potential problem with the sample water return pump. The analyser system will not shut down in the

event of a return water tank high-high alarm. The analyser system will continue to operate as normal,

and the return water tank will simply overflow to site drainage until the problem is rectified.

 

                                                     
31 If a reagent type analyser is installed, then the wastes from the analyser shall not be recycled.
32 While this pump could be connected to the PLC, historically Water Corporation has kept these pumps as standalone items, and this philosophy

has been maintained here for commonality with other sample return systems likely to be encountered by O&M staff.
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5 PIPEWORK
Design and installation of PVC-U pipework shall be in accordance with the requirements of the

Pipework Mechanical design standard DS31-01 (section on PVC-U Pipe and Fittings).

5.1 Pipe Materials

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

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

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

to the rating of the lowest component in the line.

5.2 Pipework Jointing & Solvent Cements

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

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

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

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

removal and replacement of dosing spears.

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

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

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

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

In accordance with DS79, the solvent cement used for these joints shall be Tangit DTX.

5.3 Gaskets, Bolts, Nuts and Washers

At all flanged interfaces, 3mm full-face EPDM or FKM (e.g., Viton) gaskets, or an approved equivalent,

shall be used with 316 stainless steel bolts, nuts, and washers.

5.4 Pipework Supports

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

the density of the flow medium, the pipe diameter and wall thickness, and the stress loading on the

pipeline. Pipe manufacturers typically provide published data in their design guides and will be able to

advise on the spacing of the supports.

All supports shall be constructed of materials suitably resistant to sodium fluoride solution.

5.5 Pipework Identification and Labelling

All chemical pipework shall be identified and labelled in accordance with DS 79-04 Signage Labelling

and Markers. Indelible pipe labelling shall clearly distinguish between potable water, site service water,

sodium fluoride solution, sample water and sample return water.

All above ground PVC pipework outside of the sodium fluoride building shall be painted with at least

two coats of approved water based, UV-resistant, acrylic paint. Buried pipework or pipework installed

in culverts (not exposed to UV) does not necessarily require painting but shall be labelled for

identification purposes.

Pipework shall be colour coded in accordance with Water Corporat tandard Colour Coding for

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

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58584055
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58584055
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5.6 Pipework Testing 

All pressure pipework shall be hydrostatically pressure tested in accordance with AS 4041 before being

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

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

to the same pressure as the pipework.
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6 ANCILLARIES

6.1 Wash Trough

A wash trough shall be provided in the sodium fluoride dosing room for the washing of pump

components, valves, and other equipment. It shall be constructed of PVC or other plastic compatible

with sodium fluoride. The wash trough shall be located at an ergonomic height. It shall drain to site

drainage unless deemed otherwise by a Water Corporation Environmental Advisor.

6.2 Site Service Water Pump Package 

The site may require a site service water pump package depending on the available flow and pressure in

the site service water supply. If required, the pump should be sized with sufficient flow and pressure for

the following operations:

• make up water for the sodium fluoride saturator,

• safety showers,

• hose reels,

• wash trough, and

• any other identified site service water demands.

In sizing the site service water pump package, the designer should assume the most onerous case of

operations demanding site service water at the same time.

6.3 RPZD

An RPZD shall be used to protect potable services from the potential backflow of sodium fluoride

solution. Potential contaminant sources - such as pipework connected to chemical systems (including

make-up water for the saturator, dilution or flushing of sodium fluoride), the wash trough and hose reels

- shall be located downstream of an RPZD to protect upstream services from contamination.

6.4 Safety Showers & Eyewash units

At least one safety shower and eyewash unit shall be provided near the entrance of the sodium fluoride

building. The safety shower and eyewash unit shall comply with the requirements of AS4452 and DS79-

02. It shall be fitted with a flow switch to alarm its use as described in section 7.4.4.

Potable water (i.e. from upstream of the RPZD) shall be used to supply the safety showers and eyewash

units. The preferred water source for the safety shower and eyewash would be from a reticulated gravity

supply (if available) to ensure continuity of supply in the event of loss of operation of the site service

water pump package.

6.5 Hose Reels

Retractable washdown hose reels shall be provided and located such that all areas of the sodium fluoride

facility can be accessed with a hose. Typically, there will be a hose reel in the sodium fluoride dosing

room. Each hose shall be a minimum 19mm diameter and 20 metres in length.

6.6 Isolation Valve

A motorised isolation valve shall be provided upstream of the softener (but downstream of the safety

shower and eyewash) to allow for the automatic shutdown of the water supply to the softener when

levels in the saturation or solution tanks reach their high-high level or the bund reaches high level.
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7 PROCESS CONTROL

7.1 Control Philosophy

Fluoride dosing shall be flow-paced using feed forward ratio control from the clearwater magflow meter

to the fluoride controller. The required sodium fluoride flow rate is then calculated by this controller

using operator entered values for:

• (the saturated) sodium fluoride concentration;

• fluoride residual setpoint - desired fluoride concentration in the dosed recipient water; and

• background level of fluoride ion which exists in the source water(s).

This sodium fluoride flow rate is then used as a remote set point input to a feedback flow control loop

between the dosing pump and the flow measurement (using DDA-FCM) of the dosed solution.

A fluoride ion analyser for the treated water is provided for the purpose of high and low fluoride ion

alarm generation and to shut down or changeover the FSA dosing system if fluoride ion limits are

exceeded. Cascade trim using a feedback signal from the downstream fluoride analyser is not usually

implemented in the process control loop because of the complexity of the control and the need for an

analyser with high accuracy and reliability. However, it may be suited for sites where there is frequent

wide variation of background fluoride concentration in the recipient or raw water. Where designers see

significant site-specific benefits of implementing fluoride feedback control, this control option should

be discussed with the Water Corporation Design Manager.

When the duty dosing syst the dosing pump will remain idle until a minimum

setpoint flow rate is achieved in the recipient water main (for at least 30 seconds – actual value is

configurable). Similarly, the dosing pump will stop running and the system will sit idle in t

mode when the flow rate in the recipient water main drops below the minimum setpoint (for at least 5

seconds – actual value is configurable).

If the selected duty dosing syst t then the standby dosing system will

automatically commence operation, providing it is in t perational state. The failed

system will not be available for selection until the alarm condition is acknowledged and reset (i.e. the

failed system will be latched out). The standby system will be allowed a period for operation before any

faults shut it down too. In this way, repeatedly oscillating between the duty and standby system is

prevented.

To minimise the risk of overdosing fluoride, the control system shall prevent the concurrent operation

of both dosing pumps under any scenario other than when the standby dosing pump is manually run

from the MCC (typically done for testing or calibration following maintenance of a dosing pump).

In the event of a plant power failure during FSA dosing, the system shall resume dosing automatically

following restoration of power (either from mains or generator) and return of the permissive conditions

such as the minimum set point flow rate in the water main. The low fluoride level in the treated water

or other fault/alarm directly due to the plant power failure should not trigger a shutdown or system

changeover when the power is restored i.e. a time delay shall be allowed for the fluoride residual to

return to normal. However, if the system is in ‘M t shall revert to t topp OFF)

mode in the event of a power failure, and thus the equipment shall remain off when power is restored.

7.2 Control Location

The sodium fluoride batching sequence may only be controlled locally.

The sodium fluoride dosing system may be controlled from the following locations:
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• Operator Interface Panel (OIP) – Full automatic and manual control is possible from this panel in

any operational mode. Operation from the OIP requires prior approval from the Operations

Centre.

• SCADA – The full dosing system is monitored from the UWSS / Statewide SCADA Operations

Centre at John Tonkin Water Centre. Control functionalit topp

modes and input of setpoints; however, ‘F  t ted

from the OIP because for they require onsite observation during operation.

7.3 Functional Control References

The process control philosophy for the sodium fluoride process is described in detail in the reference

FCDs listed below. The Denmark FCD is the preferred example as it is more comprehensive than the

Capel or Donnybrook FCDs, although the Capel and Donnybrook FCDs cover slight variations in

functionality that might be relevant in some site-specific cases.

• Denmark FCD: https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/206676254

• Capel FCD: https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/206667729

• Donnybrook FCD: https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/206673552

7.4 Process Safeguards

This section details the process safeguarding controls that are implemented to protect personnel,

equipment, and the environment.  

The safeguarding measures included in this section are intended to:

• Prevent the loss of containment of toxic substances.

• Prevent over-dosing of fluoride into the drinking water supply.

• Alert the remote operators of unsafe process conditions or a possible incident.

A HAZOP should be conducted early in the design process to determine any additional site-specific

safeguards that are necessary.

Any PLC and/or RTU code associated with these safeguarding controls shall be separated and clearly

identified in the PLC/RTU and denoted within the code as subject to strict Management of Change

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

• Safety & Wellbeing Management of Change Work Instruction (Nexus #59037655) 

• DS40-06 – Software Change Control standard

7.4.1 Overpressure Protections

The design includes dosing pump pressure relief valves to protect against over pressuring of each of the

dosing systems.

7.4.2 Overflow Protections

The design includes bunding of the saturation and solution tanks to contain spillage of sodium fluoride

solution.

The design includes the alarms noted below to prevent/indicate spillage of sodium fluoride solution.

7.4.2.1 Saturator Level High-High Alarm

A high-high level alarm in the saturator will initiate closure of the solenoid valve in the water supply to

the saturator. It will also close the isolation valve on the inlet to the softener.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/206676254
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/206667729
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/206673552
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7.4.2.2 Solution Tank High-High Alarm

A high-high level alarm in the solution tank will initiate closure of the decant valves between the solution

tank and saturator. It will also close the isolation valve on the inlet to the softener.

7.4.2.3 Bund Sump Level High Alarm

A high level alarm in the bund sump will initiate closure of the isolation valve on the inlet to the softener.

Note that this level alarm detects leakage (presence of fluid in the bund) but does not distinguish between

water and fluoride solution.

7.4.2.4 Bund Sump Conductivity High Alarm

A high conductivity33 alarm in the bund sump will initiate closure of the isolation valve on the inlet to

the softener.

7.4.3 Overdosing Protections

The design includes at least one fluoride analyser to monitor tank inlet and tank outlet fluoride levels, a

hard-coded upper limit on the output of the PID controller that calculates the fluoride dose rate and a

hard-coded upper limit on the manual input of the fluoride dose rate (both hard-coded at 0.9 mg/L),

pressure sustaining valves in the dose lines to prevent siphoning, and a secondary ‘p to run

signal.

The design may also include a second fluoride analyser (i.e. dedicated to tank outlet).

The design includes the alarms noted below to prevent over-dosing of sodium fluoride solution or cease

supply to customers if over-dosing occurs.

7.4.3.1 Tank Inlet Fluoride High-High Alarm

A tank inlet fluoride high-high concentration will shut down the duty fluoride dosing system and initiate

the standby dosing system. The set-point for this alarm is 1.0 mg/L. This high-high concentration must

be registered continuously for a period of 30 seconds before an alarm condition is initiated.

7.4.3.2 Tank Outlet Fluoride High Alarm

A tank outlet fluoride high concentration will shut down the fluoride dosing system. The set-point for

this alarm is 1.0 mg/L. This high concentration must be registered continuously for a period of 30

seconds before an alarm condition is initiated.

7.4.3.3 Tank Outlet Fluoride High-High Alarm

A tank outlet fluoride high-high concentration will shut down the supply to customers (provided that

this control action is agreed to by the Region and WQBU). The set-point for this alarm is 1.5 mg/L34.

This high-high concentration must be registered continuously for a period of 30 seconds before an alarm

condition is initiated.

7.4.3.4 Mains Flow Discrepancy Alarm

A secondary “permissive t put signal is required that is independent from the receiving water

mains flowmeter. The generation of this secondary signal will be site dependent. For instance, it might

                                                     
33 Conductivity indication allows the Operator to make an informed decision on disposal of waste fluid in the bund. Zero conductivity indicates

the sensor is dry, low conductivity indicates a water leak, and high conductivity indicates a chemical leak.
34 Note that the set-point for this alarm is 1.5 mg/L as this is the maximum concentration permitted under the ADWG. The set-point for the

tank inlet high-high alarm and the tank outlet high alarms are 1.0 mg/L as this is the maximum concentration permitted under the Fluoridation

Act. An exceedance of the 1.0 mg/L limit is a notifiable breach of the Fluoridation Act, but health impacts are not anticipated below the 1.5

mg/L of the ADWG. Therefore, shutdown of the dosing system is implemented at 1.0 mg/L, but shutdown of the water supply is not considered

until 1.5 mg/L.
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be a pump running signal where the flow to be dosed is always pumped or a flow switch in other cases.

This is intended as a safeguard against an incorrect positive flow signal from the flowmeter. A

discrepancy between the receiving water mains flowmeter and the secondary “permissive t

will shut down the fluoride dosing system.

7.4.3.5 Receiving Water Mains Flow Meter Fault

A fault of the receiving water mains flowmeter will shut down the fluoride dosing system.

7.4.3.6 Tank Inlet Fluoride Analyser Sample Water Flow Low Alarm

A low flow to the tank inlet fluoride analyser will shut down the fluoride dosing system. Note that with

systems incorporating a single analyser and three-way valve this alarm should be masked when the

three-way valve is switching positions.

7.4.3.7 Tank Inlet Fluoride Analyser Fault

A fault with the tank inlet fluoride analyser will shut down the fluoride dosing system.

7.4.3.8 Calculated Fluoride Dose High-High-Alarm

Discrepancy alarm that calculates fluoride residual based on dose (i.e. dose pump flow rate) compared

to fluoride residual measured at analyser. This protection can also safeguard against dosing line leaks

and provide environmental protection.

7.4.4 Safety Shower Use Alarm

Operation of the safety shower or eyewash shall initiate an alarm on the OIP and SCADA to alert

operations personnel of a possible personnel emergency requiring medical assistance. It shall include a

120 second delay to mask testing of the safety shower/eyewash unit.
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8 O&M CONSIDERATIONS

8.1 Dangerous Goods Licensing

Sites with a current Dangerous Goods licence will require the sodium fluoride powder to be added to

the license for either of the following conditions:

• 1,000 kg or more of sodium fluoride powder will be stored on site AND the site Dangerous Goods

licence indicates the presence of a Class 8 corrosive (i.e. sodium hypochlorite, sodium

hydroxide, sulfuric acid, FSA); or

• 1,000 kg or more of sodium fluoride powder will be stored on site AND the site Dangerous Goods

licence indicates the presence of a Division 2.3 toxic gas (i.e. chlorine gas) AND the sodium

fluoride powder is to be stored within 10 m of the Chlorine gas installation.

A new Dangerous Goods licence is only required if there will be 10,000 kg or more of sodium fluoride

powder to be stored on site.

8.2 Sodium Fluoride Canister Disposal

Corporate procedures for sodium fluoride canister disposal are noted in Nexus #49845004. 

AS4452 requires that, unless they have been decontaminated, empty sodium fluoride canisters must be

treated as though still containing toxic sodium fluoride.

To decontaminate the canister in accordance with AS4452 it must be triple rinsed with water. This is

usually achieved by flushing the canister a minimum of three times (while rotating it to ensure water

cleans the entire inner surface) prior to its removal from the sodium fluoride saturator.

Upon removal from the saturator, the empty, fully rinsed, sodium fluoride canisters must be punctured

to prevent their reuse for other purposes. Once fully rinsed and punctured the labels must be removed,

and the containers may be disposed with normal wastes.

8.3 Saturator Waste Management

Over time, solids will accumulate in the sodium fluoride saturator. These solids will include calcium

and magnesium fluoride precipitates and undissolved materials from the sodium fluoride product (e.g.

silica compounds). The rate of accumulation will depend on the hardness of the saturator make-up water,

the quality of the sodium fluoride product, and the mass of fluoride being dosed. These solids need to

be removed periodically from the saturator and disposed.

The frequency/interval of the solids removal will depend on the tank size and the accumulation rate. For

example, at Two Peoples Bay (250 L tank) the recommendation was that the solids be removed 6

monthly, for the Manjimup sites (2500 L tank) the recommendation is 12 monthly, but for some sites it

could be as infrequent as once in several years.

Dioxide Pacific provided a standard operating procedure for the Two Peoples Bay servicing (Two

Peoples Bay Fluoride Saturator Cleaning SOP #46943001). The Two Peoples Bay saturator is an older

single tank design, but the principles remain the same. A similar instruction has been developed for

Kununurra, also an older single tank design (Kununurra CDP – Sodium Fluoride Saturator Tank

Refurbishment Job Procedure #182085089). Procedures are currently (as of Feb 2026) being updated

by TaRR however the basic steps are outlined below:

• Notify WQBU several weeks ahead of time that a saturator is scheduled for cleaning and that low

fluoride levels can be expected in the scheme. Allowances are made for low fluoride in the

reticulation during these periods provided they are not too frequent and excessive in duration.

• Stop adding sodium fluoride powder and run the saturator out of fluoride. Depending on the size

of the system this could take days to weeks to exhaust the undissolved fluoride present in the

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/49845004
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/46943001
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/46943001
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/182085089
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/182085089
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saturator. It is important to undertake frequent mixing of the slurry in the bottom of the saturator

during this period, as would occur with a normal batching process minus the addition of new

sodium fluoride powder. This is to ensure that the undissolved sodium fluoride within the slurry

is lifted into the water column and provided the opportunity to dissolve. Otherwise, the slurry

may contain a significant amount of undissolved sodium fluoride which will be problematic for

slurry disposal.

• During this time, fluoride dosing is continued, and the dose pumps should automatically ramp up

to maintain the set point (to achieve a higher dose of a lower strength solution) provided the

system is in residual trim mode.

• Once the fluoride in the saturator has been exhausted, lime should be added to the saturator (100

mL per 10 L) to help neutralise any residual fluoride.

• The remaining solution and solids should then be removed from the saturator through the top

hatch using a wet vacuum unit.

The material recovered requires disposal. Historically, this has been treated as a costly to dispose

hazardous waste, but provided that the sodium fluoride was exhausted before emptying and then lime

added for neutralisation the material may not necessarily be classified as a hazardous waste. For

example, a sample from Two Peoples Bay was sent for analysis to investigate the fluoride concentration,

and available disposal options. The sample was subjected to an Australian Standard Leaching Procedure

(ASLP) to assess its fluoride leachability compared to the Landfill Waste Classification and Waste

Definitions (1996) from the Department of Environment WA. The result from the ASLP was a fluoride

concentration of 2.2 mg/L, below the limit (15 mg/L) for allowing disposal in a Class I landfill site

(ASLP Extraction for Two Peoples Bay Fluoride Saturator Waste #50124237). 

Based on the above, it seems likely that these wastes (if exhausted of sodium fluoride beforehand) may

be disposed in Class I landfills or alternatively it may be possible to dispose of them to a wastewater

treatment plant, provided conditions on the plant ce allow it. 

Note that if the saturation tank mixer is inadequately sized, undissolved sodium fluoride may accumulate

in the base of the tank, and this may be problematic to dispose of.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/50124237
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9 PLACARDING, LABELLING AND SAFETY SIGNAGE
The following safety signs and placards shall be provided for any sodium fluoride storage and/or dosing

facility:

1. A sodium fluoride bulk placard (DS WCSS013-1) shall be posted near each entry door to the

sodium fluoride storage room for facilities containing a net mass of sodium fluoride exceeding

500 kg (this shall include all sites with potential pallet storage). These signs shall be displayed

to be clearly visible from the normal direction of approach.

2. A sodium fluoride package placard (DS WCSS013-2) shall be posted near each entry door to the

sodium fluoride storage room for facilities containing a net mass of sodium fluoride not

exceeding 500 kg. These signs shall be displayed to be clearly visible from the normal direction

of approach.

3. Storage Tank Identification & Volume Labels (DS WCSS404) indicating the tank number and

size shall be posted on each tank. These labels shall be displayed at a level that it is visible from

the normal direction of approach.

4. Sodium Fluoride Waste Tank Sign (DS WCSS167) should be posted on the cover of the waste

tank or on a free-standing post near the buried waste tank. This sign should be positioned so that

it is visible from the normal direction of approach.

5. Emergency Shower & Eyewash Signs (DS WCSS306) shall be posted on the wall next to the

safety shower unit or attached to the rear of the shower. These signs shall be displayed to be

clearly visible from the normal direction of approach.

6. Buried Chemical Line Signs (DS WCSS154) shall be used to identify buried sodium fluoride

solution lines.  These signs should be positioned at every change of direction or at a maximum

of 50m intervals.

7. 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.

Construction Information

All signs and placards shall comply with the requirements of DS 79-04 Chemical Signage

Labelling and Markers.

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.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58584055
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58584055
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APPENDIX A: SAFETY DATA SHEETS
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APPENDIX B: CONSTRUCTION AND

COMMISSIONING PLAN INFORMATION

Commissioning Check

Pressure relief valves shall be fitted with carseals to protect against unauthorised adjustment. The

pressure setting of safety relief valves shall be shown on P&IDs and Process Safety Plans and

recorded on a red tag attached to either the valve body or the carseal.

Commissioning Check

The pressure setting of the pressure sustaining valve shall be recorded on the valve tag. 

Construction Information

All signs and placards shall comply with the requirements of DS 79-04 Chemical Signage

Labelling and Markers.

https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58584055
https://nexus.watercorporation.com.au/otcs/cs.exe/app/nodes/58584055
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APPENDIX C: REFERENCE PHOTOS

Ixom 5 kg sodium fluoride canister

Capel Dosing Cabinet
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Donnybrook Tanks

Capel Analyser Panel
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