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Executive Summary 

Wellington Water operate fluoride dosing facilities at the four water treatment plants (WTPs) that supply the 
Wellington network: Te Marua, Waterloo, Wainuiomata and Gear Island. Te Marua, Waterloo and Wainuomata 
use sodium silicofluoride (SSF) powder, and Gear Island uses hydrofluorosilicic acid (HFA). 

The fluoridation facilities have all experienced issues that have reduced the availability and reliability of 
fluoridation and the consistency of the treated water fluoride concentration. Wellington Water wish to improve the 
current performance of the fluoride dosing facilities, improve reliability and meet the required levels of service as 
described in legislation and the NZ Fluoridation Code of Practice. 

The facilities had some common issues that contributed to poor performance, including the following: 

 Poor powder quality (this has recently been addressed by changing supply to a Belgian product). 

 Small mixing tanks, causing poor fluoride dose control, undissolved powder accumulating in the dosing line, 
excessive agitation and failures of the makeup water ballcocks. 

 Manual bag emptying into powder hoppers which is a health and safety hazard and causes nylon strands 
from the bags to enter the dosing system (the nylon strands are no longer an issue as the new product 
comes in paper bags). 

 Non-compliances with the Water New Zealand Code of Practice for Fluoridation of Drinking-Water Supplies 
in New Zealand (2014). 

 The HFA fluoride system at the Gear Island WTP is at the end of their service lives and the tanks are in poor 
condition. 

Long Term Solution 

It is recommended that the facilities be replaced with new fluoridation systems that would address all of the 
current issues and, in addition, would comply with the NZ fluoridation code of practice.  

This also provides an opportunity to change from powder (SSF) to bulk liquid (HFA) due to operational 
advantages.  

As both options (SSF and HFA) have advantages and disadvantages across a range of aspects, a multi-criteria 
analysis (MCA) process is recommended for each site to decide which option is preferred, with input from 
stakeholders on assessment criteria, weightings and scoring. This approach provides a transparent and auditable 
process.  

The 95th percentile Level 1 cost estimates for new SSF fluoride facilities are as follows: 

Te Marua: $696,000 

Waterloo: $696,000 

Wainuiomata: $614,000 

Gear Island: $614,000 

The cost estimates are Level 1 and include a contingency of 40% and funding risk allowance of 60% in 
accordance with Wellington Water’s cost estimation procedure. 

The cost estimates were undertaken, without consideration of the wider aspects of the works that would be 
required at all of the plants, including items such as building repairs and significant modification, and were for 
high level discussion purposes only. 

The cost of the Waterloo fluoride system includes for fluoridating the Wellington water supply that is currently 
fluoridated at Gear Island. If fluoridation of the Petone water supply is directed (made compulsory), then the 
existing fluoridation facility could be decommissioned. A smaller fluoridation facility dedicated to the Gear Island 
WTP would be required to fluoridate the Gear Island water supply for the periods when the Gear Island standby 
supply is used. 
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If fluoridation of Petone water remains optional and Wellington Water wish to continue supplying unfluoridated 
water to Petone, the Gear Island HFA facility should be replaced with a new system. 

 

Short Term Improvements 

In the meantime, the following improvements should be undertaken immediately to improve performance 
compliance with the NZ fluoridation code of practice. These are being address in a separate project. 

1. Functional Description Review Against NZ Code of Practice / PLC Program Update 

In a separate project, the fluoride functional descriptions are being reviewed against the NZ fluoridation code of 
practice to confirm compliance for lower, upper and emergency process limits; alarms and interlocks (non-
resettable remotely). Where the functional descriptions do not meet the code of practice requirements, the PLC 
code should be updated. 

2. Physical Improvement Works 

The following improvement works should be undertaken as soon as practicable. These are being address in a 
separate project. 

Te Marua  

 Repair the treated water reservoir baffle curtains to prevent short circuiting. 

 Implement a new containerised HFA fluoridation plant to replace the existing plant. 

Gear Island 

 Implement a new containerised HFA fluoridation plant to replace the existing plant. 

Waterloo 

 Implement recommendations being developed in a separate project to improve the fluoridation system’s 
capacity for higher production rates, and relevant health and safety aspects.  

Wainuiomata 

 Implement recommendations being developed in a separate project to improve the fluoridation system’s 
resilience. 

3. Plant Performance Testing 

With the new improved powder product (reduced caking) and following the improvement works listed above, the 
Waterloo and Wainuiomata fluoride systems should be in a position to be run for a two-week performance test. 
Following the two-week test period, the following aspects should be reviewed: 

 Process control performance (fluoride concentration versus set point). 

 Faults and issues. 

This test will identify further short-term actions to improve process control and reliability. 
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1.0 INTRODUCTION  
Wellington Water operates four fluoridation facilities, located at the four water treatment plants that supply the 
Wellington regional water supply network. Fluoride is added to the drinking water to help reduce the prevalence 
of tooth decay.  

The fluoridation facilities have all experienced ongoing issues that have reduced the availability and reliability of 
fluoridation and the consistency of the treated water fluoride concentration. Due to these issues, the percentage 
of time that the fluoride dosing facilities have been operational is poor. Operational statistics for 2019 to 2020 are 
presented in Table 1.  

Table 1 Wellington Water Treatment Fluoride Facilities – Reliability January 2019 – May 2020  

Water Treatment Plant Fraction of Time Fluoridation was Operational [1] 

Te Marua 10-20% 

Waterloo 30-40% 

Wainuiomata 10-20% 

Gear Island 55% 

1. Data provided by WWL in project activity brief (August 2021). 

 

The poor reliability illustrated in Table 1 is somewhat explained by the fact that because fluoridation is not a 
critical water safety requirement, issues are most easily dealt with by shutting down fluoridation systems, with 
rectification and reinstatement of fluoride dosing taking a lower priority than other more critical tasks. In this 
regard, shutting down a fluoride system is a good response to a failure as priorities should be with other more 
acute health critical systems. 

Wellington Water wishes to improve the current poor reliability performance of fluoride dosing systems. They 
have commissioned Stantec to review the fluoride facilities and provide recommendations to achieve this target.  

The Health (Fluoridation of Drinking Water) Amendment Bill was passed in November 2021. Since then, water 
suppliers are required to fluoridate a water supply if directed to do so by the Director-General of Health. Those 
already fluoridating will be required to continue to do so unless directed by the Director-General of Health to stop. 
This places more emphasis on reliability of fluoride dosing compared with the previous regime. 

A useful reference guide in this review is the Code of Practice for Fluoridation of Drinking-Water Supplies in New 
Zealand (2014) published by the New Zealand Ministry of Health and Water New Zealand. This document 
outlines best practices for the design and operation of water fluoridation plants to ensure the safe and effective 
addition of fluoride to drinking-water supplies. Although compliance with this Code is not a legal requirement, 
water suppliers are encouraged to comply with the Code to ensure the safety of their consumers. 

The objectives of this review are: 

 Review the nature of historic failures of the fluoridation equipment at the four fluoridation facilities. 

 Identify any common factors across the sites with respect to the failures. 

 Review the design, operation, control and monitoring of the fluoride facilities with reference to the New 
Zealand Code of Practice for Fluoridation of Drinking-Water Supplies in New Zealand (2014). 

 Produce a set of recommendations, including a high-level assessment and identification of benefits to 
procuring a common chemical dosing system for all sites. 

  



WELLINGTON WATER 
FLUORIDE FACILITIES REVIEW 

w:\_fy2021_2022\wi projects\wi22114ap - regional fluoride dosing\4_project material\fluoride report\gwrc fluoride report_g.docx 2 
 

2.0 FLUORIDE SYSTEM OVERVIEW 

2.1 WATER SUPPLY AND DOSING LOCATIONS 

Fluoride is dosed into the Wellington water supply at the four water treatment plants (WTPs): 

 Te Marua WTP 

 Waterloo WTP 

 Wainuiomata WTP 

 Gear Island WTP 

The WTPs are all connected into a single regional network. Broadly speaking, Te Marua WTP supplies Upper 
Hutt, Porirua and the northern and western Wellington suburbs, and Waterloo, Gear Island and Wainuiomata 
WTPs supply Wainuiomata, Lower Hutt, and Wellington. 

Since 1999, the Gear Island WTP has only been used as a standby facility and is typically only run on one or two 
days each month to maintain operational readiness. However, the Gear Island fluoride facility doses continuously 
into the treated water being provided to Wellington from the Waterloo WTP. This is to accommodate the non-
fluoridated Petone supply zone. 

A schematic of the water supply network showing the fluoride dosing locations is presented in Figure 1. 

 

 

Figure 1 Greater Wellington Water Supply Fluoride Dosing Locations 
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2.2 FLUORIDE CHEMICALS USED 

Three of the four fluoride dosing facilities use sodium silicofluoride (SSF) which is supplied as a powder in 25 kg 
bags. The Gear Island WTP uses hydrofluorosilicic acid (HFA) which is supplied by tankers as a bulk liquid. 

Details of the chemicals used are presented in Table 2. 

Table 2 Fluoride Chemicals Used in Wellington Regional Supply System 

Chemical Formula Supplied 
Chemical 
Strength 

(w/w) 

Supplied 
Chemical F 

Content  

(w/w) 

Specific 
Gravity 

WTPs Supplied 

Sodium silicofluoride Na2SiF6 99% 60% n/a  Te Marua 

      Waterloo 

      Wainuiomata 

Hydrofluorosilicic acid H2SiF6 20% 15.8% 1.19  Gear Island 

 

Sodium silicofluoride is manufactured overseas and imported to New Zealand by chemical suppliers. In previous 
years, a Belgian product was used. Afterwards, an alternative manufacturer of SSF was used in recent years, but 
the product quality was inferior to the Belgian product, resulting in powder handling issues. The powder arrived in 
the bags partially solidified and required breaking up. After reverting to the Belgian product in the Waterloo and 
Wainuiomata plants, these powder handling issues disappeared. The Te Marua fluoride system has remained 
offline since it was shut down. 

Hydrofluorosilicic acid is manufactured in New Zealand and is a by-product of the superphosphate fertiliser 
manufacturing process. It is understood that there is a single manufacturer of HFA in New Zealand, namely 
Ballance, that supplies the whole country. 
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3.0 DESCRIPTION OF FLUORIDE FACILITIES 

3.1 TE MARUA 

3.1.1 System Overview 

The Te Marua fluoride system was installed in 1986 at the same time as the water treatment plant (according to 
the Wellington Water asset database). The system is a constant flow, variable concentration system. 

Fluoride solution is dosed into the treated water in the mixing chamber upstream of the treated water reservoir. 

An online fluoride analyser measures the fluoride residual in the treated water reservoir. A second online 
analyser measures the fluoride residual at the treated water pump station approximately 1 km downstream of the 
reservoir. The analysers are not used for control of the dosing system but are used for annunciating alarms and 
for initiating automatic shutdowns on high fluoride concentration. 

The fluoride dosing system consists of a bulk hopper (dry room), screw conveyor, day hopper (wet room), 
volumetric feeder, mixing tank, water make-up system and centrifugal dose pump. 

Once per week, SSF powder from the 25 kg bags are manually loaded into the bulk hopper through the feed 
hatch located above the hopper. A dust extraction system is connected to the hopper. 

The screw conveyor runs once per day to fill the day hopper, located above the volumetric feeder and mixing 
tank. The speed of the volumetric feeder is flow-paced to the plant’s flow rate to achieve a treated water fluoride 
residual of 0.85 mg/L. The speed of the volumetric feeder can be adjusted by a multiplier available via SCADA 
(multiplier values between 0.8 and 1.8 can be selected). The volumetric feeder feeds dry powder into the mixing 
tank. The mixing tank is supplied with treated water via a water pipe fitted with a ballcock valve. This keeps the 
tank constantly full. An impeller in the tank provides the mixing energy for dissolved the SSF powder. The dosing 
pump (duty only) operates at fixed speed and delivers the fluoride solution to the dose point. 

Figure 2 to Figure 6 illustrate the main elements of the fluoride system. 

 

Figure 2 Te Marua WTP: SSF Powder Storage Hopper (note ladder and lack of handrail on platform) 
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Figure 3 Te Marua WTP: SSF Day Hopper (Behind Panel) 

   

Figure 4 Te Marua WTP: Powder Feeder and Mixing Tank 
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Figure 5 Te Marua WTP: Fluoride Dosing Pump  

 

Figure 6 Te Marua WTP: Fluoride Dosing Point  

A P&ID of the system is presented in Figure 7. 
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Figure 7 Te Marua WTP: Fluoride System P&ID 
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 The dry feeder is reportedly undersized for providing the required fluoride dose at the peak plant production 
rates. While generally not an issue, it is a limitation for using the existing system longer-term. 

Mixing Tank 

 The mixing tank is small and there have been issues with excessive agitation and inconsistent dissolution of 
powder. This issue may be rectified with the Belgian SSF powder but the system has not yet been restarted 
with the new product. 

 The ballcocks for the inlet water for maintaining the mixing tank volume reportedly require replacement every 
few months. While not considered a major operational issue, the timing of a failure may not be predictable 

 The mixing tank mixer is too large for the mixing tank and must be operated on a timer for only a few 
seconds every minute to reduce damage to the ballcocks. 

Dosing Hydraulics 

 The delivery pump is a centrifugal pump across the plants, the model of which is standardised across the 
three plants. This is convenient for common spares, but the flow rate may not be appropriate for all plant flow 
rates. 

 There is only one dosing pump. It is good practice, and according to the NZ Code of Practice, to have two 
dosing pumps (duty / standby). 

 There is no pressure-sustaining valve on the dose line downstream of the dosing pump. There used to be 
one installed, but it was worn away and replaced with a manual isolation valve, which is manually throttled to 
provide backpressure to the pump. 

 The treated water reservoir is lower than the fluoride room, meaning that syphoning of fluoride solution to the 
dose point can occur. A syphon-break valve is present which will ensure that the mixing tank is not syphoned 
to the reservoir. However, the dose line can still be syphoned as there is no pressure-sustaining valve and 
no auto-isolation valve at the dose point. 

Additional Considerations 

 The gaskets around the screw conveyor at the wall between the dry and wet rooms contain asbestos. This 
poses a risk should maintenance / dismantling take place on the screw conveyor. 

 There is no dose line flowmeter for additional flow verification. Additional flow verification is required by the 
NZ Code of Practice. 
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3.2 WATERLOO 

3.2.1 System Overview 

The Waterloo fluoride system was installed in 1981 (according to the Wellington Water asset database). It was 
modified in 2001 at the same time as installing the plant at Gear Island. 

The Waterloo WTP supplies Lower Hutt, Wainuiomata, and central, southern and eastern Wellington. The 
Waterloo fluoride dosing system operates as a constant concentration, variable flow system. Fluoride solution is 
dosed into a single dosing point in the Naenae supply pump discharge pipe. Another dosing point, in the 
Gracefield supply pump discharge pipe, is not used. 

Two online analysers (duty / duty) measure the treated water fluoride concentration in the pumping main 
downstream of the dosing point. The analysers are not used for control of the dosing system but provide 
monitoring of fluoride concentration, annunciate alarms, and initiating automatic dosing shutdowns on high 
fluoride concentration. 

There are two fluoride day tank recirculation pumps (duty / standby) which are multistage centrifugal water 
pumps; these pumps recirculate fluoride solution through the fluoride day tank to provide mixing of the tank 
contents. The fluoride dosing flow into the Naenae pumping main is supplied from the fluoride recirculation pipe 
via a modulating valve. This valve controls the dosing flow rate in response to the Naenae water supply flow 
meter, to maintain a constant fluoride dose into the water (mg/L).  

The fluoride day tank is topped up regularly with batches of fluoride solution from the fluoride makeup system in 
the room next door. Each batch is around 4 – 5 m3 in volume. When the level in the day tank reaches a batch 
makeup set point, the batching process starts. A volumetric powder feeder at the base of the day hopper feeds 
SSF powder into the fluoride mixing tank at a controlled rate proportional to the makeup water flow rate entering 
the mixing tank. At the same time, the fluoride transfer pump starts to transfer fluoride solution to the day tank. 
The mixing tank is kept full by ballcock valves connected to a treated water supply pipe. The fluoride transfer 
pump stops when the level in the day tank reaches the stop level. The mass of SSF powder added per batch is 
measured via load cells on the day hopper to calculate the solution strength. 

Powder is transferred to the day hopper from a storage hopper directly above the day hopper, via a rotary valve. 
SSF powder is delivered to site in pallets of 25 kg bags. Once per week, between 200 and 400 kg of powder (8-
16 x 25 kg bags) is emptied manually into the storage hopper via the feed hatch located above the hopper 

Figure 8 to Figure 12 illustrates the main elements of the fluoride system. 

 

Figure 8 Waterloo WTP: SSF Powder Feed Hatch (Storage Hopper below Floor) 
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Figure 9 Waterloo WTP: SSF Powder Storage Hopper (upper) and Day Hopper (lower) 

    

Figure 10 Waterloo WTP: SSF Mixing Tank and Transfer Pump 
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Figure 11 Waterloo WTP: SSF Day Tank  

 

Figure 12 Waterloo WTP: Fluoride Dosing Pumps  

A P&ID of the system is presented in Figure 13. The P&ID is being checked and updated as part of a separate 
project. 
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Figure 13 Waterloo WTP: Fluoride System P&ID  
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3.2.3 Issues 

The following issues with the Waterloo fluoride system have been reported by Wellington Water operations staff 
or were observed during site investigations. 

Powder Handling 

 The 25 kg bags are manually loaded into the loading hopper. The loading process poses risk to operators 
due to the heavy bags and the loading hopper and some exposure to dust. 

 The manual tipping of powder into the hopper is not recommended from a health and safety perspective. 
Most modern systems use a vacuum lance to transfer powder from the bags to the hopper. 

 The maximum day demand (including Wellington) uses 6 x 25 kg bags per day or 42 bags per week if 
demand is sustained for 7 days. A bulk bag (1,000 kg) system should be considered in future to save time in 
transferring powder to the storage hopper. This can be considered during detailed design if SSF is the 
preferred chemical option going forward (see Section 0). 

 There are personnel access issues to the powder storeroom. 

 The valley angles of the bulk hopper are too shallow. Powder sometimes built up in the hopper, requiring 
manual intervention to get it to transfer. This may have been due to the previous, lower quality product. 

 The rotary valve below the bulk hopper sometimes had maintenance issues due to blocking. This may have 
been due to the previous, lower quality product. 

Mixing Tank and Transfer Pump 

 The batch makeup and transfer system design is such that the operators have to balance the transfer pump 
flow rate with the water supply rate by manually throttling the valve downstream of the transfer pump; 
otherwise the transfer pump draws down the level in the mixing tank. 

 There is only one transfer pump (no standby unit). 

Day Tank and Recirculation / Dosing Pumps 

 The auto drain valve for the day tank is reportedly stuck and requires replacement. 

 The day tank volume is reportedly insufficient at a dosed flow rate of 60 MLD, being drained down faster 
than batches can be made up. 

 Multi-stage centrifugal pumps are used for both day tank recirculation and fluoride dosing, using a 
modulating valve to control the dosing flow rate off the recirculation line. Dedicated positive displacement 
dosing pumps (either diaphragm, progressive cavity or peristaltic) and a dedicated tank mixing system may 
provide better overall performance. This should be assessed in any upgrade options considered. 

Fluoride Analysers 

 There are two fluoride analysers (duty / duty). The analysers have daily automatic self-calibration which 
takes around one hour to complete. Having two analysers allows fluoride dosing to continue when one is 
offline for calibration. However, if the other analyser is down for maintenance, fluoride dosing is stopped until 
the calibration period is complete. 

 The analysers reportedly consume too much chemical for the calibrations in comparison with other, 
differently branded analysers used by WWL. 

 Reagents must be made up by operators. This is a time-consuming process that does not guarantee the 
quality of the reagent. 

Fluoridation Policy 

Future fluoridation policy will influence the future fluoride demand at the Waterloo WTP. If the Petone supply is 
required to be fluoridated, all water leaving the Waterloo WTP would need to be fluoridated. This would more 
than double the fluoride demand on the Waterloo WTP, requiring an upgrade in capacity. 
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To allow for this possibility, it is recommended that any upgrade works at the Waterloo WTP be designed 
assuming that all water leaving Waterloo WTP will be fluoridated in future.   
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3.3 WAINUIOMATA 

3.3.1 System Overview 

The Wainuiomata fluoride system was installed in 1964 (according to the Wellington Water asset database). The 
storage hopper and inclined screw conveyor were installed when the fluoride system was installed. The day 
hopper and volumetric screw feeder were replaced around 2000. 

The Wainuiomata WTP supplies Wainuiomata and Wellington. As with the Te Marua WTP, the fluoride dosing 
system is a constant flow, variable concentration system. There is a single fluoride dosing pump that operates at 
a constant fixed speed. The fluoride dosing pump draws solution from the fluoride mixing tank, a small 
rectangular tank that sits directly below the SSF day hopper. The mixing tank is continuously topped up with 
treated water via a water pipe and ballcock valve. This keeps the tank full.  

A volumetric feeder at the base of the SSF day hopper continuously feeds SSF powder into the mixing tank. The 
volumetric feeder speed is controlled automatically in response to the filtered water flow rate to maintain a 
constant fluoride dose, i.e. the dosed fluoride solution concentration varies in proportion to filtered water flow rate. 

Powder is transferred to the day hopper from a storage hopper in the room next door, via an inclined screw 
conveyor.  

SSF powder is delivered to site in pallets of 25 kg bags. Once per week, around 200 kg of powder (8 x 25 kg 
bags) is emptied manually into the storage hopper via the feed hatch located above the hopper. 

Figure 14 to Figure 18 illustrates the main elements of the fluoride system. 

 

Figure 14 Wainuiomata WTP: SSF Powder Storage Hopper Loading Hatch 
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Figure 15 Wainuiomata WTP: SSF Powder Day Hopper 

   

Figure 16 Wainuiomata WTP: SSF Mixing Tank 

 



WELLINGTON WATER 
FLUORIDE FACILITIES REVIEW 

w:\_fy2021_2022\wi projects\wi22114ap - regional fluoride dosing\4_project material\fluoride report\gwrc fluoride report_g.docx 19 
 

 

Figure 17 Wainuiomata WTP: Fluoride Feeder and Dosing Pump 

 

Figure 18 Wainuiomata WTP: Fluoride Dosing Point 

A P&ID of the system is presented in Figure 19. The P&ID is being checked and updated as part of a separate 
project. 
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Figure 19 Wainuiomata WTP: Fluoride System P&ID 
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3.4 GEAR ISLAND 

3.4.1 System Overview 

The Gear Island WTP is used as a standby facility and is typically only run on one or two days each month, to 
maintain operational readiness. However, the Gear Island fluoride facility is intended to dose continuously into 
the Wellington water supply (to accommodate the non-fluoridated Petone supply zone supplied from Waterloo). 

The fluoride facility at Gear Island was installed in 2001 but is no longer used due to health and safety, HSNO 
compliance and equipment condition issues. The facility used hydrofluorosilicic acid (HFA). There are four 2,500 
L HDPE tanks and two diaphragm dosing pumps (duty / standby). The first and second tanks are hydraulically-
linked and the third and fourth tanks are hydraulically-linked. HFA is replenished via bulk tanker delivery. The 
HFA can be directed to either pair of tanks by manually adjusting valve positions inside the building. All the 
equipment is located inside a bund. Two ventilation fans are activated manually when operators enter the HFA 
room ensure a good turnover of air in the HFA room. 

HFA was dosed into the suction line of the carrier water booster pumps. The booster pumps draw carrier water 
from the 1050 mm main line via the Gear Island valve chamber and pump chlorinated and fluoridated water back 
into the main downstream of the draw-off point.  

Because the water in the Wellington supply main at the Gear Island valve chamber normally consists of a mix of 
fluoridated water (from Wainuiomata WTP) and unfluoridated water (from Waterloo WTP) a calculation is 
performed in the control system to calculate the unfluoridated flow rate and required dose, which are used to 
control the dosing pump speed. Dosing will stop if the flow rate required for dosing is less than 2 ML/d.  

Fluoride analysers (duty / duty) are used to ensure that the dose does not exceed safe limits. When one analyser 
is offline for calibration, the other one is used. The analysers are not used for control. 

Figure 20 to Figure 22  show photos of the main elements of the fluoride system. 

 

Figure 20 Gear Island WTP: HFA Tanker Delivery Connection Point (Centre) 
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Figure 21 Gear Island WTP: HFA Storage Tanks 

   

Figure 22 Gear Island WTP: Fluoride Dosing Pumps 

A P&ID of the system is presented in Figure 23. The P&ID is being checked and updated as part of a separate 
project. 
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Figure 23 Gear Island WTP: Fluoride System P&ID  
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4.0 FLUORIDATION CODE OF PRACTICE 

4.1 NEW ZEALAND CODE OF PRACTICE 

The Water New Zealand Code of Practice for Fluoridation of Drinking-Water Supplies in New Zealand (2014) 
specifies good practice for the design and operation of water fluoridation plants to ensure the safe and effective 
addition of fluoride to drinking-water supplies. Although compliance with this Code is not a legal requirement, 
water suppliers are encouraged to comply with the Code to ensure the safety of their consumers. Compliance 
with the Code is also a way to provide increased public confidence. 

The main purpose of the NZ Code of Practice is to ensure the safety of consumers and operators (i.e., maintain 
appropriate quality assurance procedures, avoid overdosing of fluoride, manage operational health and safety 
risks). The NZ Code of Practice provides a useful checklist for audit of current systems and compliance is 
considered mandatory for any new fluoride systems.  

 

4.2 COMPLIANCE SUMMARY TABLE 

Compliance of the fluoride facilities against the NZ Code of Practice has been assessed and is presented in 
Table 7. 
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5.0 SUMMARY 

5.1 COMMON ISSUES 

The main common issues with the fluoride facilities are summarised below. 

 Poor powder quality 

Poor powder quality was a significant cause of system downtime until the powder supply was changed to a 
Belgian product. This proves the importance of sourcing high quality product, even if it comes with a higher 
price. The previous powder had serious caking and bridging issues and caused high operator intervention 
and regular shutdowns due to blockages in the powder handling operation.  

 Mixing tanks 

Mixing has been an issue due to the problematic product being used along with the mixing tank size and 
agitation energy applied. Since the powder has been replaced with the Belgian product, it appears that 
mixing issues have been resolved at Waterloo and Wainuiomata. 

The mixing tank at Te Marua and Wainuiomata is also used as the dosing tank. This may result in 
undissolved powder being present during times of sustained higher production rates. A separate day tank is 
used at Waterloo (which was an upgrade to the original plant). A day tank ensures that a consistent mixing 
configuration is present in the dedicated mixing tank under all batching conditions. 

 Manual bag handling 

All three powder plants require manually lifting the bags and emptying them into the bulk / loading hopper. 
This is a health and safety hazard to operators in terms of muscle strain and dust exposure. Most modern 
systems use a vacuum lance to transfer powder from the bags to the hopper thereby avoiding handling the 
bags. 

 No standby fluoride dosing pump 

Dedicated duty / standby dosing pumps are not present at Te Marua and Wainuiomata. 

 Fluoride Analyser Auto Calibration 

If one of the two analysers is down for maintenance and the other analyser is in auto calibration mode, 
fluoride dosing is stopped until the online analyser has completed its calibration. This is performed to avoid 
dosing during the daily analyser self-calibration period. This contributes to fluoride dosing system downtime. 
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5.2 SITE SPECIFIC ISSUES 

In addition to the above common issues, site-specific issues are summarised below. Note that at the time of this 
report’s revision E update, the Te Marua and Gear Island fluoride dosing systems are in the process of being 
replaced with containerised solutions (separate project). 

Te Marua 

 Short-circuiting in the treated water reservoir due to damage to the baffle curtain. This is being resolved in a 
separate project. 

Waterloo 

 The fluoride dosing system is reportedly unable to sustain dosing at higher production rates. 

 Dedicated metering pumps (diaphragm or progressive cavity) and a dedicated mixing system may provide 
more process control for the current system. The metering pumps should be provided with a calibration 
cylinder to allow regular pump calibration. 

Wainuiomata 

 Powder feeder screw is not appropriate for all production rates. It does not provide the required turndown nor 
can it sustain the required dose at peak capacity. 

 No access to bottom of day hopper feed screw conveyor to allow maintenance. 

Gear Island 

 The operators have to enter the HFA bund to access the fluoride dosing pumps. This poses a health and 
safety risk if there is spillage in the bund. 

 The equipment at the Gear Island fluoride facility is at the end of its service life and requires replacement. 
The tanks in particular are in poor condition. 

 Future use depends on fluoridation policy for Petone (different fluoride system may be required if Petone is 
fluoridated). 
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6.0 AVAILABLE FLUORIDE DOSING TECHNOLOGY 

6.1 SODIUM SILICOFLUORIDE SYSTEMS 

Sodium silicofluoride is generally used at medium to large plants, such as the Wellington Water facilities, as the 
chemical cost is lower than sodium fluoride. Modern facilities comprise the following elements. 

Powder Loading 

Powder loading is either by a vacuum lance for 25 kg bags (typically for plants below 40 MLD) or a 1,000 kg bulk 
bag unloader (plants greater than 40 MLD). 

In both cases, dust is extracted by a vacuum fan and captured by a water trap prior to discharge to atmosphere. 

Powder Makeup 

Powder is stored inside a hopper which sits on load cells to monitor powder consumption. A powder feeder at the 
base of the hopper feeds the powder into the solution tank where it is mixed with makeup water in batches.  

The solution tank is divided into two sections by an overflow baffle. The first section, the mixing tank, is equipped 
with a top-mounted slow speed stirrer and is sized to retain the solution for a minimum of 10 minutes to 
completely dissolve the powder into solution prior to overflowing into the dosing tank. The water level in the 
mixing tank is maintained at the overflow level at all times by the baffle. 

The second section of the tank is the dosing tank. The level in the dosing tank fluctuates between batch start (low 
level) and batch stop (high level).  When the batch start level is reached, a solenoid valve on the makeup water 
pipe opens to allow makeup water into the mixing tank. At the same time, the powder feeder starts, to transfer a 
set mass of powder into the mixing tank. 

Dosing Pumps 

Dosing pumps transfer the fluoride solution from the dosing tank to the dosing point. The dosing pumps are 
always positive displacement pumps, and for SSF can be either diaphragm, progressive cavity or peristaltic 
depending on the flow rate. Positive displacement dosing pumps provide better dose control as they are not 
affected by water pressure at the dosing point. 

The dosing pumps operate continuously, and the batch makeup system operates on start and stop levels in the 
dosing tank as described above. 

Control Philosophy 

Either of two control philosophies can be used to control SSF dosing systems: 

 Variable concentration, constant transfer. The mechanical feeder speed varies to produce variable 
solution strength proportional to the treated water flow rate to maintain the fluoride dose set point (mg/L). 
The dosing pumps operate at fixed speed to transfer the solution into the water. 

 Constant concentration, variable transfer. The mechanical feeder speed is fixed to produce constant 
solution strength. The dosing pumps operate at variable speed proportional to the treated water plant flow 
rate to maintain the fluoride dose set point (mg/L).   

Figure 24 shows an isometric drawing of a recently installed SSF dosing system at Obanvale in New South 
Wales, Australia (25 MLD capacity). 
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6.4 RECOMMENDATIONS 

The two viable fluoride chemical options are sodium silicofluoride (SSF) and hydrofluorosilicic acid (HFA) as 
sodium fluoride is uneconomic at the sizes of plant considered. SSF does not produce corrosive vapour but does 
result in airborne dust. In addition, there are fewer sources of HFA product than of SSF powder, and therefore 
there is a greater product supply chain risk with HFA than for SSF.  

As this report recommends that the existing fluoridation systems be replaced with new systems (see Section 8), 
there is an opportunity to change from SSF to HFA if this will provide cost savings and/or non-financial 
advantages over SSF. 

As both options have advantages and disadvantages across a range of aspects, a multi-criteria analysis (MCA) 
process is recommended to decide which options is preferred, with input from stakeholders on assessment 
criteria, weightings and scoring. This will provide a transparent and auditable process to allow the project to 
progress to design. 

An MCA assessment of the fluoride chemicals is beyond the scope of this report. For the purposes of this report, 
SSF powder package plants have been assumed for capital cost estimate purposes. 
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8.0 RECOMMENDATIONS 

8.1 IMMEDIATE IMPROVEMENTS (WITHIN ONE YEAR) 

It is reasonable to assume that relacing the existing dosing systems will take up to two years, factoring in budget 
approvals, design, and procurement etc. In the meantime the following measures should be undertaken 
immediately to improve the reliability and safety of the current systems: 

1. Functional Description Review Against NZ Code of Practice/ PLC Program Update 

The fluoride functional descriptions should be reviewed against the NZ fluoridation code of practice alarm and 
reporting requirements to check compliance for lower, upper and emergency process limits; alarms and interlocks 
(non-resettable remotely). Where the functional descriptions do not meet the code of practice requirements, the 
PLC code should be updated.  

The following changes should be included at a minimum in any PLC code update: 

 Update the PLC code to automatically pause fluoride dosing on loss of analyser signal for self-calibration, 
and restart on resumption of analyser signal (no alarm raised as this is not a fault but routine operation). This 
will avoid the need for the operators to shut down fluoride dosing if only one analyser is available. 

 Update the PLC code to automatically calculate the 24-hour mass of fluoride consumed (kg) at midnight 
every day, based on the day hopper load cell data. The PLC should then divide this figure by the 24-hour 
totalised volume of water treated over the same period to provide the daily average fluoride dose. 

Note that at the time of this report’s revision E update, this review was performed as part of a separate project. 

2. Physical Improvement Works 

The following improvement works should be undertaken as soon as practicable. Note that at the time of this 
report’s revision E update, the Te Marua and Gear Island fluoride dosing systems are in the process of being 
replaced with containerised solutions (separate project). 

Te Marua  

 Repair the treated water reservoir baffle curtains to prevent short circuiting. 

 A new containerised fluoride dosing system to replace the existing system is being designed as part of a 
separate project. 

Waterloo 

 Improve the capacity of the system for sustainable operation at higher production rates. 

Wainuiomata 

 Replace the shaftless fluoride powder feeder with a model similar to those at Te Marua and Waterloo if there 
is still a problem with feeder dose control after switching to the improved SSF powder product. 

Gear Island 

 A new containerised fluoride dosing system to replace the existing system is being designed as part of a 
separate project. 

3. Plant Performance Test 

With the new improved powder product (reduced caking) and following the improvement works listed above, the 
fluoride systems should be in a position to be run for a two-week performance test. Following the two-week test 
period the following aspects should be reviewed: 

 Process control performance (fluoride concentration versus set point) 

 Faults and issues. 

This test will identify further actions to improve process control and reliability.   
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8.2 MEDIUM TERM IMPROVEMENTS (WITHIN TWO YEARS) 

Multi Criteria Assessment of SSF versus HFA 

The two fluoride chemical alternatives each have advantages and disadvantages, therefore a multi-criteria 
analysis (MCA) process is recommended to decide which option is preferred, with input from stakeholders on 
assessment criteria, weightings and scoring. This will provide a transparent and auditable process to allow the 
project to progress to design. An MCA process would consider aspects such as: 

 Life cost (net present value of capex plus opex) 

 Physical arrangement and space constraints 

 Health and safety risks 

 Supply risks 

New Fluoridation Plants (Waterloo and Wainuiomata) 

Given the difficulty of retrofitting new mixing tanks and dosing equipment into the existing fluoride plants, and the 
number of other issues that require addressing, it is recommended to replace all of the SSF facilities with 
complete new package plants designed to meet the NZ Code of Practice. This would provide the greatest 
probability of success by reducing the interfaces of new plant with existing plant and making it easier to obtain 
performance guarantees for the overall system.  Existing fluoride equipment can be removed prior to the new 
package plants installed. 

Physical site constraints will affect the detailed pipework and equipment layout design of each package plant 
however these issues can be resolved by the package plant contractor. 

It is recommended that the new package plants be provided with their own local control panels, linked to the WW 
SCADA system for remote operation and monitoring. The local control panels allow the equipment to be fully 
tested prior to shipment, reduces system integration and programming time and ensure that the new system 
control functionality meets the requirements NZ Code of Practice.  

Te Marua and Gear Island 

At the time of this report’s revision E update, the Te Marua and Gear Island fluoride dosing systems are in the 
process of being replaced with containerised solutions (separate project). These are intended to be short-term 
solutions to be replaced with long-term solutions at a later stage. The designs for the long-term solutions are to 
take into account fluoridation policy (Gear Island) and the long-term upgrade of the Te Marua WTP. 
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