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Executive summary 
Introduction 

The Te Mato Vai project constructed ten new water treatment plants (“intakes”) at different 
locations in Rarotonga. The plants use the coagulant Polyaluminium Chloride (PACl), settling 
tanks and automated valveless gravity (AVG) filters to remove dirt, sediments, and some 
microorganisms from the raw water. 

The commissioning includes a period of 6 months where the plants’ performance is closely 
monitored. The first goal is to ensure that the plants produce water that is treated to an 
acceptable standard. The second goal is to gain operational experience with the plants and find 
out how their performance can be optimised in different conditions. 

This report summarises the results of the PACl trials so far (further future results will be added 
to this report at the completion of the trial) and provides a recommendation as to how the plants 
could be operated in the future. 

This report contains results about: 

 the treated water quality of all plants 

 environmental monitoring data from discharges to the environment 

 observations about water treatment plant residuals (“sludge”) 

The treated water quality requirements 

During the PACl trial, the requirements for the treated water that is supplied to the drinking 
water network are as follows: 

 The turbidity after the AVG should be lower than the raw stream turbidity1 

 The E. coli concentration after the AVG generally should be lower than the raw stream 
concentration. 

 The dissolved aluminium concentration after the AVG should be lower than 0.2 mg/L, and 
must not be higher than 0.3 mg/L. 

To monitor the treatment plants’ performance, samples of the above three water quality 
parameters (and others2) are taken frequently from the raw stream water (water that feeds the 
plant), after the settling tank, and after the automatic valveless gravity (AVG) filter.  

The presented results in this report include data from 28 September 2020 to 17 January 2021, 
unless otherwise stated. 

Water quality improvement 

The plants were typically operated with a PACl dose of 15 to 20 mg/L3 during dry weather, and 
15 to 35 mg/L during wet weather.  

The treatment plants increase the water quality significantly in both dry weather and also wet 
weather. In dry weather conditions, when the streams have a low turbidity, the most noticeable 

 
1 After the trial, the drinking water quality will need to comply with the Cook Islands Drinking Water Standard (CIDWS), which 
are currently in draft awaiting finalisation. The compliance value in the draft is 1 NTU. 
2 Other water quality parameters that were measured frequently included pH, the concentration of total coliforms, temperature, 
iron, manganese, and true and apparent colour 
3 15 milligrams of PACl powder per one litre of water 
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benefit of the plants is a reduction of the E. coli concentration (as an indicator organism for other 
harmful microorganisms).  

During rain events, both the reduction in turbidity and E. coli is significant. 

The table below summarises turbidity results from all plants for when the plants are treating 
water. All plants perform equally well in terms of turbidity removal. 

 Raw turbidity Settled turbidity Filtered turbidity 

No of 
measurements 

768 766 774 

Average 2.01 0.84 0.38 

Min 0.04 0.01 0.01 

Median 0.92 0.37 0.2 

Max 133 18 6 

 

The graph below shows the reduction of E. coli through the plants. The median concentration in 
the raw water (R) is 90 organisms per 100 mL4. After the settling tank (ST), the concentration 
reduces to 20, and the median in the treated water (AVG) is 2. This is a significant improvement 
in water quality. All plants perform equally well in terms of reduction of E. coli. 

 

The average dissolved aluminium concentration in the treated water was 0.061 mg/L, well 
below the maximum value of 0.3 mg/L. The highest concentration that was measured so far is 
0.133 mg/L. The figure below shows the dissolved aluminium concentrations in the treated 
water for all plants. The green line is the target value of 0.1 mg/L. All plants perform equally 
well. 

 
4 MPN/100 mL, most probable number of E. coli in 100 mL of tested water 
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Results from the environmental discharge monitoring 

The peak sampling has shown that all direct discharges to the streams were below the 
ANZECC target value of 0.055 mg/L of dissolved aluminium at 50 m below discharge. 

There are a few instances where the concentration at 50 m downstream of discharge is above 
the ANZECC target value. In all these instances, the plants were not discharging during the time 
of sampling and the 50 m downstream sample was taken from the raw stream water only. The 
data shows that the elevated concentrations are likely caused by the natural background 
concentrations being elevated. 

At this point, we have not seen any measurements that we believe are of environmental 
concern. 

Water treatment residuals (sludge) 

The experience from the trial so far is that the sludge is drying well in both the dedicated scour 
ponds and in the combined ponds5 with duty and standby arrangements. The plants can be 
operated in a way that allows substantial drying in the scour and combined standby ponds, with 
both configurations reaching more than 14% dried solids (DS). At this point there are no 
concerns about the ability of either pond configuration to dry the residuals, and the removal of 
the dried residuals by digger or spade is feasible. 

The left figure below shows the naturally dried residuals in the Tupapa standby pond (measured 
at 13 to 18% DS). The right figure shows dried residuals in the Ngatoe scour pond, measured at 
18% DS. 

 
5 Scour ponds only receive residuals from the settling tank, where as the combined ponds receive residuals from both the 
settling tank and the AVG backwashes. Combined ponds are always in a duty – standby arrangement. The duty tank receives 
the frequent AVG backwashes, while the standby pond is kept dry to dry the residuals. 
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A preliminary estimate of the residuals production for Ngatoe and Tupapa is approx. 8 to 8.5 m3 
per year, at 15% DS in the ponds. This is based on the measured volumes during two (rather 
dry) months of the trial. We expect this volume to increase slightly once more data during rainier 
months becomes available. However, it seems that the overall residuals production of the plants 
is less than previously anticipated, and in a range that is manageable. 

It was also noted that different plants grow in the dried residuals. An analysis of the residuals for 
extractable aluminium returned a concentration of less than the analytical detection limit. Based 
on this and other information, it is likely that the residuals could be utilised as a soil amendment 
in a variety of local applications, including for agricultural soils. This is currently being 
investigated, and laboratory analysis data and further information will be available soon.  

Recommendation 

Overall, there doesn’t seem to be an obvious reason to stop the PACl dosing and in fact there is 
a strong health reason for the dosing to continue, therefore we highly recommend that the 
plants be kept running with PACl to provide safer water to the population of Rarotonga. 
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Glossary and abbreviations 
Term Description 
AVG Automatic valveless gravity filters 

Coagulation and 
flocculation 

Coagulation and flocculation involves the addition of compounds, such as 
PACl, to raw water. This promotes the clumping of fine soils (dirt or silt) into 
larger floc (clusters) so that they can be more easily separated from the 
water. 

Commissioning Process of bringing new infrastructure into working condition  

E. coli Escherichia coli are bacteria, which almost exclusively live in the gut of warm-
blooded animals (including humans). They serve as an indicator organism – if 
E. coli is detected, the likelihood that other pathogens of faecal origin are 
present in the water is high. Most strains of E. coli are not pathogenic, but 
there are exceptions, such as the strain O157:H7 which is very dangerous to 
humans. 

Pathogens Any organism that has the potential to make humans sick. The most common 
pathogens are viruses, bacteria, and protozoans. Other organisms of concern 
are endospores, fungi and helminths (parasitic worms). 

PMU Te Mato Vai’s Project Management Unit. 
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Polyaluminium chloride 
(PACl) 

PACl is a commonly used coagulant in water treatment systems.  

Raw water Water sourced directly from the natural environment that has not been 
treated or filtered in any way. 

TMV Te Mato Vai 

Trunk main Pipeline that delivers water from the treatment plants to the reticulation 
network. Each trunk main has a flowmeter that measures the flow from the 
plant to the network. No connections to the trunk main are allowed above the 
flowmeter. 

Turbidity Turbidity in water is caused by the presence of suspended particles that 
reduce the clarity of the water. Increases in turbidity measurements are often 
used as an indicator for increased concentrations of water constituents, such 
as bacteria and other pathogens. 

WHO World Health Organisation 
 
 
 
 
 



 

PACl trial report – Te Mato Vai | 12504023 | 1 

1. Introduction 
1.1 Introduction 

The Te Mato Vai project constructed ten new water treatment plants (“intakes”) at different 
locations in Rarotonga. The plants use the coagulant Polyaluminium Chloride (PACl), settling 
tanks and automated valveless gravity (AVG) filters to remove dirt, sediments, and some 
microorganisms from the raw water. 

 
Figure 1 – Summary of the water treatment process in the new treatment 

plants 

As part of the commissioning process for the new plants, their performance is tested. The first 
goal of the testing is to ensure that the plants produce water that is treated to an acceptable 
standard. The second goal is to gain operational experience with the plants and find out how 
their performance can be optimised in different conditions. This testing was done while the 
plants were disconnected from the public water supply (off-line) and connected to the public 
supply (on-line). This test is referred to as the PACl trial.  

PACl will initially be introduced for a 6-month trial period, during which the water treatment 
results are monitored. The results of the trial will inform the government and stakeholders how 
to operate the plants in the future.  

1.2 Purpose of this report 

This report summarises the results of the PACl trials so far and provides a recommendation as 
to how the plants should be operated in the future. 
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This report contains results detailing;  

 the treated water quality of all plants 

 environmental monitoring data from discharges to the environment 

 observations about water treatment plant residuals (“sludge”) 

1.3 The PACl trial process explained 

The trial has two phases – an offline, pre-network connected phase, and an online, network 
connected phase.  

In the offline phase, all treated water is stored in the plant’s storage tank, and no water is 
released to the drinking water network. The plant is only operated during working hours. This 
allows safe monitoring of the treated water quality without discharging it to the water supply 
system. The water is tested for turbidity, dissolved aluminium, pH and E. coli. 

If acceptable results are achieved for the offline trial, the results are forwarded to To Tatou Vai 
(TTV). TTV compare the results to the World Health Organisation (WHO) drinking water 
standards and judge if the water is safe for human consumption. TTV decides then if the plants 
can be connected to the drinking water network, to start the online trial phase. 

In the online phase, the plants are usually operated at all times, and the water quality 
monitoring continues. 

Seven of the ten treatment plants go through the complete offline and online phase. Three 
treatment plants (Taipara, Takuvaine, Totokoitu) start directly with the online trial, because they 
do not have a storage tank, or the storage tank size does not allow sufficient time to perform the 
offline trial (less than a couple of hours). Those plants are started after the treated water quality 
results from other plants are known and the experience has been gained, making it safe to start 
the plants online. 

Table 1 presents the dates when the PACl trials were started at each plant, and when it was 
connected to the drinking water network.  

Table 1 – Key dates for all plants 

Plant Start of offline PACl trial Connected to network 

Ngatoe 28/09/2020 1/10/2020 

Matavera 5/10/2020 8/10/2020 

Tupapa 12/10/2020 16/10/2020 

Turangi 19/10/2020 22/10/2020 

Papua 27/10/2020 31/10/2020 

Avana 2/11/2020 6/11/2020 

Taipara (1) 9/11/2020 9/11/2020 

Takuvaine (2) 16/11/2020 16/11/2020 

Avatiu 23/11/2020 27/11/2020 

Totokoitu (1) 30/11/2020 30/11/2020 
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(1) This plant started directly to the network because it does not have a storage tank to capture the treated water. 

(2) This plant started directly to the network because the storage tank size did not allow sufficient time to perform the 

offline trial. 

1.4 Environmental conditions 

The PACl trial occurred in a rather dry period, compared to the historical average (of 122 years) 
of the same months. Especially November, December and January were unusually dry. 

Table 2 presents the monthly rainfall that was measured at the airport weather station during the 
PACl trial period, and Table 3 presents the long term average rainfall for each month. 

The low rainfall likely means that the residuals (sludge) production in the plants during this time 
will also have been less than average. 

 

Table 2 – Rainfall data (mm/month) during the trial compared to the historical 
average for that month 

 
Aug 
20 

Sept 
20 

Oct 
20 

Nov 
20 

Dec 
20 

Jan 
21 

Feb 
21 

Rainfall in 2020/2021 179 90 102 79 77 52 173 (*) 

Historical average (122 
years) 

115 106 118 147 212 241 220 

(*) Data collected up until 18 Feb 2021, the final monthly total will thus be higher 

 

Table 3 – Averaged rainfall data for each month for the past 122 years 
(mm/month) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

241 220 242 193 157 103 105 115 106 118 147 212 

 

2. Treated water quality 
2.1 The treated water quality requirements 

During the PACl trial, the requirements for the treated water that is supplied to the drinking 
water network are as follows: 

 The turbidity after the AVG should be lower than the raw stream turbidity. 

 The E. coli concentration after the AVG generally should be lower than the raw stream 
concentration. 

 The dissolved aluminium concentration after the AVG should be lower than 0.2 mg/L, and 
must not be higher than 0.3 mg/L. 

If the treated water quality meets the turbidity, E. coli and dissolved aluminium requirements, it 
can be discharged to the drinking water network with the approval of TTV, the network operator. 
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After the trial, the drinking water quality will need to comply with the Cook Islands Drinking 
Water Standard (CIDWS), which are currently in draft awaiting finalisation. 

The treatment plants are capable of delivering a treated water turbidity of below 1 NTU6 which 
will meet the CIDWS. 

What samples are taken during the trial 

When the plants are started for the first time (offline or online), water quality samples are taken 
multiple times per day to monitor the treated water quality. After the plants start the online trial7 
samples are taken at least twice a week for the first month, then at least weekly for the rest of 
the trial period. 

The plants have been designed for manual non-automated operation, based on a gravity 
system without power. As such all sampling is done by hand, and there are no continuous data 
measurements. 

 

2.2 Turbidity 

Table 4 presents summary statistics for the turbidities over all plants from the start of the trial 
until 17 January 2021. The raw data is shown in the individual plant reports in Appendix A. The 
data shows a clear reduction in turbidity for each plant. The reporting period contained a few 
dirty water (rain) events. The plants generally handled those well. The next section 2.3 provides 
further detail on operation during rain events. 

Table 4 – Turbidity summary statistics in NTU for all plants from the start of 
the trial until 17 Jan 2021, when plants were treating water. 

 Raw turbidity Settled turbidity Filtered turbidity 

No of 
measurements 

768 766 774 

Average 2.01 0.84 0.38 

Std Dev 6.72 1.70 0.65 

Min 0.04 0.01 0.01 

5% 0.29 0.07 0.02 

25% 0.55 0.25 0.12 

50% 0.92 0.37 0.2 

75% 1.53 0.72 0.39 

95% 5.09 2.99 1.17 

Max 133 18 6 

 

 
6 Nephelometric turbidity unit, a standard measurement for cloudiness or haziness of water, caused by large numbers of 
individual particles that are generally invisible to the naked eye, similar to smoke in air. The measurement of turbidity is a key 
test of water quality. 
7 For plants that start directly with the online trial, the testing frequency is initially high until the treated water quality is stable. 
After a few days, the testing frequency follows the above described pattern. 
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Figure 2 presents a boxplot with statistical data for the post AVG turbidity for all plants. The box 
represents the 25th and 75th percentile, and the line within the box the median value. All plants 
perform equally well in terms of turbidity removal, and there are only a few measurements 
above 1 NTU in the treated water. The Papua graph is based on 23 measurements, and most of 
them originate from the plant start up, which is why the box shows a wider range of values than 
the other plants. Shortly after its trial start, Papua was unfortunately shut off due to a lack of 
network demand. It was restarted on 27 January. Since then, the average post AVG turbidity 
was around 0.25 NTU. 

 

  

Figure 2 – Statistical plots for the post AVG turbidity for each plant from start 
of trial to 17 January 2021, when plants were treating water. 

NB: A few values are outside the graph limits, the highest being 6 NTU. See report text for an 
explanation for Papua. 

2.3 Operation during dry weather and rain weather 

During dry weather periods, the plants were mostly operated with a PACl dose of 15 mg/L8. 
During rain events in the trial period so far, the plants were mostly operated with PACl dose 
rates between 15 and 35 mg/L. The turbidity results during rain weather are slightly higher than 
during dry weather, but still acceptable.  

Monitoring by the contractor was not specified to include high frequency collection of samples, 
and typically concerned plant performance over a longer duration. As such there is limited high 
frequency data available that shows the turbidity development through the plant during a rain 
event.  

To address this, the project management unit (PMU) carried out one dedicated measuring 
campaign at the Totokoitu plant for a large rain event on 18 Feb 2021. 

 
8 15 milligrams of PACl powder per litre of water 
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Totokoitu rainfall data from 18 Feb 2021 

On 18 Feb 2021, a total of 84.5 mm of rain fell (measured by the airport). The maximum 
intensity was between 2 and 3 am, with 33 mm measured in that hour. 

The Totokoitu PACl dose was set to 25 mg/L, and turbidity (and pH and dissolved aluminium) 
measurements were taken throughout the day. Figure 3 presents the results of those 
measurements. 

Just before 11:00 am, it was discovered that the PACl dosing bar was partially blocked and the 
PACl flow was significantly reduced9. The dose could have been lower than 5 mg/L. The treated 
turbidity during this time was above 5 NTU, which is sub optimal. The PACl dosing bar was 
unblocked once the issue was discovered. 

Following a jar test, the PACl dose was set to 35 mg/L at around 11:00 am. The settling tank 
and AVG turbidity improved significantly from around 3:00 pm onwards, despite the stream 
turbidity remaining high. This lag matches the hydraulic residence time in the settling tank of 
around 3 to 3 and a half hours. 

 
Figure 3 – Turbidity measurements during a heavy rain event (Totokoitu, 18 

Feb 2021) 

NB: The red line in the top figure shows the 1 NTU target value for the treated turbidity. See text 
for further details 

2.4 PACl dose rates 

The PACl dose rates during the trial so far ranged from 10 to 40 mg/L (as solid PACl). During 
dry weather, the PACl doses are set to mostly 15 or 20 mg/L, and are increased during rain 
events. 

 
9 The PACl dosing bars were modified as a result of this observation, and no more blockages were observed since then. 
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Table 5 presents statistics for the used PACl doses for all plants between the start of the trial 
and 17 Jan 2021. 

Table 5 – PACl dose statistics for all plants from the start of the trial until 17 
Jan 2021 

 PACl dose (mg/L as active) 

No of measurements 479 

Average 20.4 

Min 10 

50% 20 

Max 40 

 

2.5 Dissolved aluminium 

The average dissolved aluminium in the treated water is 0.061 mg/L, and the highest 
concentration was 0.133 mg/L. Those concentrations are well below the maximum value of 
0.3 mg/L. Table 6 presents the measured data for all plants, when the plants were treating 
water. 

 

Table 6 – Dissolved aluminium summary statistics in mg/L for all plants from 
start of the trial until 17 Jan 2021, when the plants were treating 
water. 

 Stream Post Settling Tank Post AVG 

No of 
measurements 

83 145 165 

Average 0.024 0.074 0.061 

Std Dev 0.033 0.040 0.029 

Min 0.003 0.008 0.008 

5% 0.008 0.016 0.013 

25% 0.012 0.051 0.038 

50% 0.018 0.074 0.064 

75% 0.023 0.090 0.079 

95% 0.061 0.124 0.112 

Max 0.280(1) 0.286(2) 0.133 

(1) Measured at Turangi on 21 Oct 2020. The next highest measurements are 0.170 and 0.150, also at Turangi. 

(2) Measured at Ngatoe on 19 Oct 2020. The next two highest measurements are 0.284 and 0.172 
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Figure 4 presents a boxplot10 with statistical data for the post AVG dissolved aluminium 
concentration for all plants while they were operating. All plants are generally below the 
0.1 mg/L target value. 

 

 

Figure 4 – Statistical plots for the post AVG dissolved aluminium (mg/L) for 
each plant from the start of the trial to the 17 January 2021, when 
the plant was treating water.  

NB: The green line represents 0.1 mg/L.  

2.6 Escherichia coli (E. coli) 

Table 7 presents the measured E. coli concentrations for all plants when water was treated with 
PACl. 

The data shows that the E.coli concentration in the settling tank and post AVG is significantly 
lower than the concentrations in the stream – PACl removes a significant fraction of the 
microorganisms, but cannot remove them completely. 

Table 7 – E. coli summary statistics in most probable number (MPN) / 100 mL 
for all plants from start of the trial until 17 Jan 2021, when plants 
were treating water. 

 Stream Post Settling Tank Post AVG 

No of 
measurements 

101 102 110 

Average 240.3 88.7 41.7 

Std Dev 429.3 268.2 197.3 

Min < 1 < 1 < 1 

 
10 The box represents the 25th and 75th percentile, and the line within the box the median value 
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 Stream Post Settling Tank Post AVG 

5% 16.0 1.0 < 1 

25% 42.6 7.4 < 1 

50% 90.8 19.8 2.0 

75% 193.5 67.7 9.6 

95% 1,046.2 320.5 171.6 

Max 2,419.6(2) 2,419.6 1,986.6(1) 

(1) Measured at Taipara on 9 Nov 2020. The next highest measurement is 461.1 (at Papua on 3 Nov 2020) 

(2) Measured at Turangi on 20 Oct 2020 and the corresponding post AVG was < 1 MPN/100mL 

Figure 5 presents a boxplot10 with statistical data for the E. coli concentrations (MPN/100 mL) in 
the raw water, post settling tank and post AVG for all plants. All plants perform equally well in 
terms of reduction of E. coli. 

 

Figure 5 – E. coli concentrations (MPN/100 mL) in the raw water (R), post 
settling tank (ST) and post AVG for each plant, when plants were 
treating water. 

Taipara and Takuvaine were on bypass for some time during the trial period, and there is limited 
data available (refer to the monthly reports in Appendix A). For Taipara, the latest post January 
and February 2021 results for the post AVG E. coli concentration (not part of this data set) are 
7 MPN/100 mL. The Takuvaine graph is only based on two measurements from the first two 
days when the plant was started. We have no concerns about Takuvaine’s performance, data of 
which will be included in future reports. 
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2.7 pH 

The pH of treated water should usually be between 6.5 and 8.5. Table 8 presents summary 
statistics for the pH values measured across the plants, from the start of the trial until 17 
January 2021. The treated water pH is mostly influenced by the raw water pH. As expected, the 
addition of PACl decreases the pH slightly, but not significantly. 

Table 8 – pH summary statistics for all plants from start of the trial until 17 
Jan 2021, when the plants were treating water. 

 Stream Post Settling Tank Post AVG 

No of 
measurements 

274 253 283 

Average 7.4 7.2 7.2 

Std Dev 0.4 0.3 0.3 

Min 6.0 6.2 6.2 

5% 6.8 6.7 6.7 

25% 7.1 7.0 7.0 

50% 7.3 7.2 7.2 

75% 7.7 7.4 7.4 

95% 8.0 7.7 7.8 

Max 8.4 9.0 8.2 

 

2.8 Conclusions  

Overall, the treatment plants increase the water quality compared to the stream water. Figure 6 
presents the difference in raw and treated turbidity, and E. coli.  

In dry weather conditions, when the streams have a low turbidity, the most noticeable benefit of 
the plants is a reduction of the E. coli concentration (as an indicator organism).  

During rain events, both the reduction in turbidity and E. coli is significant.  
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Figure 6 – Improvement of water quality in terms of turbidity and E. coli 
during the trial (data until 17 Jan 2021) 

In summary, the plants successfully meet the treated water requirements. The turbidity is below 
1 NTU in almost all cases, the plants significantly reduce the number of E. coli in the treated 
water, and the average dissolved aluminium concentration across all plants is 0.064 mg/L, well 
within the target range. 

 

3. Treated water quantity 
The water output of the plants is measured by the magflow meter after the AVG filter. For most 
plants, the magflow measures the water flow even when the settling tank and/or the AVG filter 
themselves are bypassed. 

Table 9 presents the average flow through the plants, from 29 October 2020 to 14 February 
2021. The data originates from a more or less daily reading of the flowmeter after the AVG. It 
includes days when the plants were operational, and also days when they were on bypass11. It 
does not include days where the streams were too low to abstract water. The mean flow is 
compared to the design flow of the plants. Overall, during this period, approximately 76% of the 
theoretical maximum design flow was delivered. 

This period includes an unusually dry November, December and January, where the available 
water was limited by the low stream flow for some intakes. 

 

Table 9 – Average flow taken from streams between 29 October 2020 and 14 
Feb 2021 

Plant Mean 
flow 

Design 
flow 

Design 
flow 

Mean flow as a percentage of design flow 

 
11 When on bypass, water is still abstracted through the intake structure, but it bypasses the settling tank and AVG (and no 
PACl is dosed). It is still measured at the magflow meter before going into the supply network. 
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(L/s) (L/s) (m3/d) 

Avana 22.5 39.4 3,400 57 % 

Avatiu 13.1 23.1 2,000 56 % 

Matavera 14.4 13.9 1,200 104 % 

Ngatoe 15.8 23.1 2,000 68 % 

Papua 18.9 23.1 2,000 82 % 

Taipara 21.0 13.9 1,200 151 % 

Takuvaine 
(1) 

n/a 34.7 3,000 37 % 

Totokoitu 11.0 23.1 2,000 47 % 

Tupapa 15.9 13.9 1,200 114 % 

Turangi 26.0 34.7 3,000 75 % 

Overall   21,000 76 % 

(1) This plant was put on bypass shortly after the start of its PACl trial and remained on bypass until mid February 

 

4. Discharges to the environment 
4.1 Introduction 

The plants discharge supernatant from the ponds to the streams. The water going into the 
ponds originates from the AVG backwashes (approximately once every day), or from the less 
frequent de-sludging of the settling tanks. 

Some plants have three ponds in total – one scour pond (which receives the settling tank 
residuals), and two AVG backwash ponds (which receive the AVG backwash water). Other 
plants have two ponds which receive water from both sources. Refer to Table 10 for the 
configuration of each plant. 

De-sludging of the settling tanks is a manual operation that will always be carried out under 
operator supervision. The discharge of the supernatant to the stream will also be carried out 
under operator supervision. 

The AVG backwashes occur automatically. Each pond has a decant arm which floats on the top 
of the pond, and slowly discharges the top water layer to the stream. This provides time for any 
solids in the AVG backwash that discharges to settle. Currently the discharge of AVG backwash 
water to the streams is a manual process (the decant arms stay up, or are plugged until an 
operator manually lowers them, or opens the outlet). Eventually it is anticipated that the decant 
arms will be left floating on the pond surface free to drain once the operational EIA has 
determined the long term allowable dissolved aluminium levels that can be discharged without 
environmental harm. 
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Table 10 – Pond configuration for each plant 

Plant Two AVG backwash 
ponds 

(duty / standby) 

Single scour 
pond 

Two combined AVG backwash / scour 
ponds (duty / standby) 

Avana no no yes 

Avatiu yes yes no 

Matavera no no yes 

Ngatoe yes yes no 

Papua no no yes 

Taipara no no yes 

Takuvaine yes yes no 

Totokoitu no no yes 

Tupapa no no yes 

Turangi no no yes 

 

During the PACl trial (and afterwards), the dissolved aluminium concentrations, pH and turbidity 
in both the ponds and the stream were measured to understand the impact of the plants on the 
streams. 

Two sampling methods are used when sampling in the streams. 

Peak sampling is undertaken during a discharge from the pond to the stream. The sample is 
taken at a time when the discharged water from the pond has reached the specific sample 
location12. 

Background samples are taken in the stream, but not necessarily when a discharge from the 
ponds to the stream occurs. They measure how the background concentration in the stream is 
influenced by the infrequent pond discharges, as well as the natural dissolved aluminium level 
upstream of the treatment plants. 

The environmental sampling is done weekly for the first month of the trial, then fortnightly for the 
remainder of the trial. During the trial, the PMU will collect at least two peak samples per plant.  

The stream sampling locations are listed in Table 11 below and presented in Appendix B. 

Table 11 – Stream sampling locations 

Sample point in the stream Peak sampling Background sampling 

Ponds yes yes 

20m above the discharge point yes yes 

 
12 We use a floating object to determine when pond water has reached the specific location. The floating object is used to 
determine the velocity of the stream. Considering this velocity and the distance to the sampling point, we calculate the earliest 
time that the pond discharge will reach the sampling point. 
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Sample point in the stream Peak sampling Background sampling 

At the point of discharge yes no 

20m below the discharge point yes yes 

50m below the discharge point (1) yes yes 

Midway to the lagoon yes no 

100m above the lagoon yes no 

(1) This is the compliance point where the target concentration should not be exceeded 

 

4.2 Environmental limits and background concentration 

The impact associated with the use of PACl in water treatment is related to the bioavailability of 
aluminium in the receiving environment. Aluminium bioavailability is directly correlated with the 
concentration of the actively toxic form of aluminium (Al3+) in the discharged water. Factors such 
as pH, dissolved organic carbon (DOC), temperature and hardness regulate the solubility of Al3+ 
in water, with pH having the greatest influence on toxicity. The solubility of Al3+ drastically 
increases at a pH lower than 5.5 or higher than 9. However, solubility is very low when pH is 
between 5.5 and 913. This is the reason why pH is measured alongside dissolved aluminium. 

The ANZECC guideline value for dissolved aluminum in streams is less than 0.055 mg/L. The 
TMV project's goal is that the discharges from the treatment plants to the streams do not cause 
harm to the environment. As a result, the initial target value is set to 0.055 mg/L at 50 m below 
the discharge point. 

As outlined in section 2.1, the target aesthetic guideline value for dissolved aluminium in the 
drinking water is below 0.2 mg/L, and must not be above 0.3 mg/L. Both values are significantly 
higher than the conservative ANZECC guideline value. 

The September 2020 Te Mato Vai Aquatic Ecology Baseline Report concluded that dissolved 
aluminum levels of up to 0.290 mg/L or greater (potentially up to 0.630 mg/L) would not result in 
environmental harm. 

Monitoring during the trial and some historic readings have shown that the natural dissolved 
aluminum concentrations can be greater than the ANZECC limit, when measured upstream of 
the treatment plants (i.e. unaffected by any previous discharges from the plants). The highest 
naturally occurring dissolved aluminum concentration upstream of the plants measured to date 
is 0.280 mg/L at Turangi (refer also to Table 6). We observed that elevated concentrations are 
often concurrent with rainfall events, but not always. Some high concentrations were measured 
several days after the last rainfall. 

Figure 7 presents all dissolved aluminium concentrations that were measured upstream of the 
plants between the start of the PACl trial and 15 Feb 2021. The elevated concentrations are 
visible at all sample locations. 

 
13 Refer to the Te Mato Vai Aquatic Ecology Baseline Report from September 2020 
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Figure 7 – Dissolved aluminium concentration (mg/L) in the streams, 
upstream of the intakes (data from 7 Oct 2020 to 15 Feb 2021).  

NB: The red line shows the 0.055 mg/L target value in the stream for discharges from the plants 

 

4.3 Water quality in ponds 

The settling tank de-sludging process produces more residuals in the ponds than the AVG 
backwash process. The measurements during the trial allow a comparison of the supernatant 
quality of both processes. However, the concentrations in the ponds are ultimately less 
important because the compliance point for discharges to the environment is in the streams, 
50 m downstream of the pond discharge point. 

All results from the AVG filter backwash ponds and discharges to the stream are presented as 
part of the monthly reports in Appendix A. 

To date, there is more data available for AVG backwashes than for the de-sludging of the 
settling tanks. The de-sludging has occurred at most twice for each plant so far, where as AVG 
backwashing occur almost daily. 

For plants with combined AVG and scour ponds, once the ponds received settling tank residuals 
from the de-sludging process, all subsequent measurements were put into the “de-sludging” 
category. 

Figure 8 presents the dissolved aluminium concentrations and the pH for supernatant in the 
pond that originates from the AVG backwashes and the de-sludging of the settling tanks. The 
three highest dissolved aluminium values for the de-sludging were measured at Tupapa. The 
single pH point was also measured at Tupapa, when the dissolved aluminium concentration in 
the pond was 0.148 mg/L. 

The data suggests that the dissolved aluminium concentrations may generally be slightly higher 
for de-sludging of the settling tanks compared to the AVG backwashes. However, the difference 
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does not seem to be overly significant, and did not result in higher stream dissolved aluminium 
concentrations, as section 4.4 will show.  

The pH concentrations are also within normal ranges and well within the pH 5.5 to 9 range 
where aluminium is generally less soluble. 

Table 12 presents summary statistics for the dissolved aluminium, pH and turbidity 
concentrations for pond supernatant for both processes over all ten plants. 

 

 

Figure 8 – Comparison of dissolved aluminium and pH in pond supernatant for 
the AVG backwash process and settling tank de-sludging process 

 

Table 12 – Pond summary statistics for all plants from start of the trial until 
17 Jan 2021. 

 Dissolved Aluminium 

(mg/L) 

pH Turbidity 

(NTU) 

No of measurements 99 7 7 

Average 0.080 7.3 7.8 

Std Dev 0.057 0.2 16.0 

Min 0.008 7.0 1.0 

5% 0.013 7.1 1.0 

25% 0.044 7.3 1.4 

50% 0.067 7.3 1.7 

75% 0.099 7.4 2.4 

95% 0.161 7.5 31.6 
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 Dissolved Aluminium 

(mg/L) 

pH Turbidity 

(NTU) 

Max 0.349 7.7 44.1 

 

4.4 Measurements in the streams 

The raw data for peak samples and background samples are contained in the individual monthly 
reports for each plant (refer to Appendix A). 

Table 14 contains the results of all peak sampling measurements that were carried out up to the 
writing of this report. The outstanding peak samples (two per ) will be collected before the end of 
the trial. 

There are a total of 29 pH measurements for the ponds and the stream locations. All pH were 
within the range of 7 and 7.7. 

The monitoring of releases from the treatment plant has shown that at 50 m downstream of the 
point of release, no elevation of dissolved aluminum is occurring as a result of any discharge, 
with results consistently showing lower readings than in the ponds.  

There are a few instance where the level at 50 m downstream of discharge is above the 
ANZECC target value. All those instances are listed in Table 13. The treatment plants were not 
discharging during the time of sampling and the 50 m downstream sample was taken from the 
raw stream water only. The data shows that the elevated concentrations are likely caused by 
the natural background concentrations being elevated (refer also to section 4.2). 

 

Table 13 – Samples where the dissolved aluminium concentration is above 
0.055 mg/L 50 m downstream of the discharge point.  

NB: The plants did not discharge to the stream at the time, and the reason for the elevated 
concentrations is most likely the concentration in the stream itself. 

Intake Date Pond 1 
(upper) 

Stream, 
upstream 

Stream, 
at pond 

Stream, 
20m 
down-
stream 

Stream, 
50m 
down-
stream 

Stream 
flow 
(L/s) 

Ngatoe 2020-11-02 0.100 0.101   0.074  

Turangi 2020-11-25 0.063 0.150  0.097 0.143 15 

Turangi 2020-11-26 0.065 0.170 0.125 0.158 0.086 15 

Turangi 2020-12-07 0.049 0.108 0.105 0.090 0.079 10 

Avana 2021-02-02 0.121 0.080  0.084 0.069 25 

Avana 2021-02-02 0.122 0.097  0.075 0.087 25 

 

The dissolved aluminium concentrations along the streams that were measured so far during 
the trial are presented in Figure 9. 
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Figure 9 – Dissolved aluminium concentrations (in mg/L) along all streams, 
including peak and background samples. 

NB: Instances where the concentration exceeded 0.055 mg/L 50 m downstream are described 
in Table 13. 
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Table 14 – Peak stream sample results for dissolved aluminium to date of report (in mg/L) 

Intake Date Pond 1 
(upper) 

Pond 2 
(lower) 

Scour 
Pond 

Stream, 
upstream 

Stream, 
at pond 

Stream, 
20m down 

Stream, 
50m down 

(#) 

Stream, 
halfway to 

lagoon 

Stream, 
100m above 

lagoon 

Stream 
flow (L/s) 

Ngatoe 2020-10-07 0.083 0.102  0.022 0.023 0.026 0.008 0.008 0.008  

Matavera 2020-10-09 0.118 0.102  0.009 0.027 0.033 0.016 No flow No flow  

Ngatoe 2020-10-12 0.016 0.049  0.012 0.020 0.016 0.015 0.015 0.014  

Tupapa 2020-10-16 0.082   0.009 0.022 0.025 0.022 No flow No flow  

Turangi 2020-10-22 0.074   0.017 0.040 0.026 0.027 No flow No flow  

Papua 2020-10-30 0.013   0.008  0.008 0.008 0.008 0.008  

Avana 2020-11-05 0.067   0.017 0.104 0.014 0.005 0.007 0.011 65 

Taipara 2020-11-12  0.058  0.008 0.082 0.035 0.044 0.011 0.009 20 

Takuvaine 2020-11-19 0.075   0.038 0.030 0.012 0.027 0.058 0.016 14 

Avatiu 2020-11-26 0.086   0.008 0.034 0.034 0.031 0.025 0.011 15 

Ngatoe 2020-12-02   0.061 0.014 0.037 0.019 0.027 0.011 0.008 20 

Totokoitu 2020-12-03 0.019 0.040  0.018 0.018 0.037 0.037 0.025 0.012 80 

Turangi 2020-12-23  0.023  0.025 0.026 0.042 0.034 No flow No flow 20 

Totokoitu 2021-01-20 0.010 0.019  0.078 0.054 0.032 0.013 0.028 0.027 15 

Totokoitu 2021-01-22 0.053 0.022  0.038 0.076 0.041 0.052 0.016 0.020 10 

(#) Compliance point, target value 0.055 mg/L dissolved aluminium 
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4.5 Settling tank overflow test results 

Introduction 

The settling tank at each plant is designed to overflow at the inlet if there is low demand to 
return raw stream water back to the stream. As part of the court appointed expert witness 
review it was agreed to manually trigger an overflow in at least one of the high-energy intakes14  
and a low energy intake, as part of the trial and test the water to ensure water with elevated 
dissolved aluminium was not passing back into the stream. Environmental testing for dissolved 
aluminium was undertaken at three locations 

 in the settling tank overflow chamber 

 in the stream, upstream of the discharge point, and  

 in the stream, 50 meters downstream of the discharge point. 

Testing was undertaken at the beginning of the overflow, after 1 hour and then after 2 hours of 
continuous overflow. 

Results 

Results of the overflow test are presented in Table 15 and Table 16. They confirm that dissolved 
aluminium concentrations are not elevated within the overflow chamber. The dissolved 
aluminium concentrations in the stream were below the limit during the test. 

Note that 0.008 mg/L is the limit of detection – the actual concentration could be lower than that. 

Significance 

The test results prove that the plants operate as designed with regards to the automatic PACl 
shut-off mechanism, and that any discharges of dissolved aluminium to the stream are minimal. 
The shut-off mechanisms are working well and no issues have been observed so far. 

Table 15 – Settling tank overflow test results for Ngatoe 

Time Settling tank 
overflow 
chamber 

In stream 
(upstream of 
discharge) 

In stream 

(50 m 
downstream) 

Less than 
0.055 mg/L 
target value 

Start of overflow 0.008 0.008 0.008 OK 

After 1 hour 0.008 0.008 0.023 OK 

After 2 hours 0.013 0.019 0.009 OK 

Table 16 – Settling tank overflow test results for Papua 

Time Settling tank 
overflow 
chamber 

In stream 
(Upstream of 
discharge) 

In stream 

(50 m 
downstream) 

Less than 
0.055 mg/L 
target value 

Start of overflow 0.008 0.016 0.016 OK 

After 1 hour 0.008 0.008 0.008 OK 

After 2 hours 0.008 0.008 0.017 OK 

 
14 The high-energy intakes according to the expert witness are Avatiu, Papua, Taipara, Takuvaine, Totokoitu, and Turangi. 
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4.6 Conclusions 

So far, the peak sampling has shown that all direct discharges to the streams were below the 
target value of 0.055 mg/L of dissolved aluminium at 50 m below discharge. 

Some streams have at times natural dissolved aluminium concentrations that are above the 
target value. This would suggest that the flora and fauna in the stream is accustomed to those 
elevated concentrations. The ecological stream assessment13 also suggests that the 
environment can tolerate higher concentrations than the conservative 0.055 mg/L, up to as high 
as 0.630 mg/l for short durations. 

The measurements for dissolved aluminium will continue accordingly for the trial duration.   At 
this point, we have not seen any measurements that we believe are of environmental concern.  

5. Water treatment residuals (sludge) 
5.1 Introduction 

During the process of treating the water, the Te Mato Vai water treatment plants remove dirt, 
solids and microorganisms from the source water with the help of PACl. This creates a waste 
product called residuals or sludge. Over time, the residuals accumulate in the settling tank. The 
residuals are then discharged to the scour pond or combined ponds, in a process called de-
sludging. 

The backwashing of the AVG produces a (significantly) smaller fraction of residuals15. These are 
regularly discharged into the AVG backwash or combined ponds, whenever the AVG 
backwashes. 

The environmental sampling of both discharges is described in the previous section 4. 

Table 17 presents the date of the first de-sludging activity for each plant. 

Table 17 – Dates of the first de-sludging of the settling tank for each plant 

Plant Start of PACI Trial Desludging of settling tank 

Avana 2/11/2020 22/12/2020 

Avatiu 23/11/2020 21/01/2021 

Matavera 5/10/2020 27/11/2020 

Ngatoe 28/09/2020 1/12/2020 

Papua 27/10/2020 3/12/2020 

Taipara 9/11/2020 17/12/2020 

Takuvaine 16/11/2020 10/12/2020 

Totokoitu 30/11/2020 19/01/2021 

Tupapa 12/10/2020 8/12/2020 

 
15 Because most of the particles were removed in the settling tank and do not reach the AVG. 
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Plant Start of PACI Trial Desludging of settling tank 

Turangi 19/10/2020 21/12/2020 

5.2 Pond configurations and management (scour, AVG, 
combined) 

As already described in section 4.1 and Table 10, there are two possible pond configurations for 
each plant. Ngatoe, Avatiu and Takuvaine have a dedicated scour pond (for settling tank 
sludge) and two AVG backwash ponds (duty and standby pond). All other plants have two 
combined AVG backwash and settling tank residuals ponds (duty and standby pond). The 
plants are operated so that the duty pond receives the AVG backwash and the standby pond 
receives the desludging residuals which allow the residuals to dry.  

 
Figure 10 – Tupapa combined ponds 
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Figure 11 – Ngatoe scour pond 

 

5.3 Residuals production 

Settling tank de-sludging frequency 

During the trial, we observed anaerobic16 activity in the residuals at the bottom of the settling 
tank. The restriction of oxygen is influenced by the depth of the residuals within the tank, and 
the formation of new residuals that act as a blanket. It is estimated that the anaerobic activity 
may start at residuals depth of greater than around 300 to 500 mm. Issues with taste and odour 
can then occur if the plant is stopped and water left to stagnate. Desludging more frequently can 
assist to limit the anaerobic build-up of residuals. 

The second factor that influences the de-sludging frequency is the volume of residuals in the 
settling tank. As the residuals volume increases, the hydraulic retention time (HRT) and thus 
settling time decreases, resulting in floc carry over to the AVG. This increases the AVG 
backwash frequency. 

Overall, it is recommended that the settling tanks should be de-sludged every four to six weeks 
to keep the plants operating at their optimum. 

 

Residuals production in the settling tanks 

The build-up and total suspended solids (TSS, g/m3) concentration of residuals in the settling 
tank over time was measured with a Cerlic multi tracker, with multiple measurements taken 
along the length of the settling tank to determine a residuals depth profile. Table 18 and Table 
19 summarise the measurements and calculations for Ngatoe and Tupapa, respectively, from 

 
16 In the absence of free oxygen 
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the start of operation until shortly before the first settling tank de-sludging. This includes roughly 
the months of October and November 2020. 

Separate volumes and TSS were measured for the lighter residuals blanket (“fluff”) and for the 
heaver sludge. The combination of volumes (m3) and TSS (g/m3) allows an estimation of the 
total dried solids (DS) that are deposited in the settling tank over time. By assuming a drying 
performance of 15 %DS (150 kg DS/1000 kg residuals) in the ponds, the total annual residuals 
volume can be estimated. As the residuals blanket evolves over time, so does the estimate for 
the total volume per year. Averaging the numbers in the last column of Table 18 and Table 19 
results in 7.9 m3/year for Ngatoe and 8.3 m3/year for Tupapa. 

However, the residuals production depends on the raw water quality, with more residuals 
produced during the wetter months of the year. We expect that the actual volume over a whole 
year will be higher than those figures. For a rough estimate, if residuals production were 
proportional to rainfall amount, we would expect those volumes to increase by approximately 
80% (refer to Table 3). 

Overall, this calculation depends on a few simplifications and parameters that were not 
determined with absolute precision (volume and TSS concentration in the sludge blanket). The 
drying performance of 15% DS is a realistic estimation (refer to section 5.4).  

Table 18 – Estimated sludge production at Ngatoe.  

Days in 
operation 

Volume 
fluff (m3) 

Volume 
sludge 

(m3) 

Total dried 
solids 

(kg) 

Total volume at 
15% DS (m3) 

Est. total volume 
per year (m3) 

31 6.5 29.5 78.4 0.5 5.6 

34 1.5 51.9 130.8 0.8 8.5 

42 2.2 44.3 181.8 1.1 9.6 

47 5.4 45.2 191.4 1.2 9.0 

51 4.2 46.4 193.8 1.2 8.4 

56 9.6 35.3 160.4 1.0 6.3 

NB: The average of the last column is approx. 7.9 m3/year 

Table 19 – Estimated sludge production at Tupapa.  

Days in 
operation 

Volume 
fluff (m3) 

Volume 
sludge 

(m3) 

Total dried 
solids 

(kg) 

Total volume at 
15% DS (m3) 

Est. total volume 
per year (m3) 

11 6.0 5.6 28.2 28.2 5.7 

23 6.5 31.6 139.6 139.6 13.4 

24 11.3 20.3 103.7 103.7 9.6 

30 23.2 15.1 106.8 106.8 7.9 

34 28.4 13.1 109.1 109.1 7.1 
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39 5.7 36.5 157.2 157.2 8.9 

44 13.9 31.9 155.4 155.4 7.8 

51 16.8 26.5 139.5 139.5 6.1 

NB: The average of the last column is approx. 8.3 m3/year 

Residuals production from the AVGs 

The production of residuals by the AVGs was not measured separately, but as observed during 
the trial and as expected, it is a far smaller fraction compared to the production in the settling 
tanks. 

5.4 Residuals drying in the ponds 

The residuals drying conditions are slightly different in the dedicated scour ponds and the 
combined ponds. For the plants to operate as intended, it is important that reasonable dried 
sludge is produced by both types of ponds. 

This section contains visual observations of the drying in both type of ponds, dried solids 
measurements data, and information from a shaking test, and two spadeability tests. 

 

Drying in a dedicated scour pond 

Ngatoe has a dedicated scour pond. The settling tank was de-sludged on 2 Dec 2020 (Figure 
12), and residuals deposited in the scour pond. Figure 13 from 10 Dec 2020 shows that the 
residuals dry well. Figure 14 shows the scour pond submerged after a heavy rain event. This 
temporary submergence did not affect the sludge drying. Figure 15 and Figure 16 show the 
sludge on 12 Jan 2021. On 26 Jan 2021, the dried solids content was measured at 14% DS 
(Figure 18, Table 20). 

 

 

Figure 12 – Ngatoe scour pond after desludging (2 Dec 2020) 
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Figure 13 – Ngatoe scour pond after supernatant has dried (10 Dec 2020) 

 
Figure 14 – Ngatoe scour pond after a heavy rain (12 Dec 2020) 
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Figure 15 – Ngatoe scour pond (12 Jan 2021) 

 
Figure 16 - Ngatoe scour pond(12 Jan 2021). Residuals are dry at the top and 

wetter at the bottom 

Drying in a combined pond 

We monitored the Matavera and Tupapa plants to understand the drying performance in a 
combined pond.  
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The Matavera settling tank was de-sludged for the second time on 28 Jan 2021. The pond with 
the settling tank residuals was then put on standby to allow for drying. Figure 19 shows the 
residuals consistency approximately two days later. A dried solids analysis of two samples 
showed 2.5 and 5.4% DS (Table 21). 

Figure 17 shows the sludge at the Tupapa standby pond approx. at the start of Feb 2021. 
Figure 20 shows the Tupapa standby pond on 11 Feb 2021, when a dried solids analysis for 
two samples showed 13 and 18% DS, respectively (Table 22). 

 
Figure 17 – Dried residuals in the 
Tupapa standby pond (Feb 2021, 
measured at 13-18% DS) 

Figure 18 – Dried residuals in the Ngatoe 
scour pond (25 Jan 2021, measured at 
18% DS) 
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Figure 19 - Matavera pond approximately two days after discharging settling 
tank residuals (1 Feb 2021). The pond is in standby (drying) mode. 

 

Figure 20 - Tupapa upstream (standby) pond on 11 Feb 2021 

 

Total solids (dried solids) measurements 

Dried solids (DS) tests were performed according to APHA Standard Methods17 2540 G (Total 
Solids) for residuals in both dedicated scour ponds, and combined AVG backwash/scour ponds. 

Table 20 presents results for the Ngatoe scour pond. 

 
17 American Public Health Association’s “Standard Methods for the Examination of Water and Wastewater” 
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Table 21 presents results for the Matavera combined pond, a few days after the pond was put 
on standby. 

Table 22 presents results for the Tupapa standby pond after it had been on standby for a while. 

 

Table 20 – Dried solids (% DS) results for residuals from the Ngatoe scour 
pond 

Sample N1 N2 N3 N4 

 

Description of sample 

Sampled 
below 
desiccated 
crust 

Sampled 
below 
desiccated 
crust 

Sampled 
below 
desiccated 
crust 

Sampled 
below 
desiccated 
crust 

Date Start 26/01/2021 26/01/2021 26/01/2021 26/01/2021 

Time Drying 22.5 hrs 22.5 hrs 22.5 hrs 22.5 hrs 

Temperature (⁰C) 104 ⁰C 104 ⁰C 104 ⁰C 104 ⁰C 

Mass of container and wet soil C (g) 55.17 58.899 49.489 47.68 

Mass of container and dried soil A (g) 15.486 16.226 14.773 13.515 

Mass of container B (g) 8.843 7.723 8.726 8.751 

%Total Solids = ( )×  14.3 15.0 14.8 12.2 

Table 21 – Dried solids (% DS) results for residuals from the Matavera 
combined pond  

Sample M1 M2 M3 

Description of sample Liquid 
sludge 
sample 

Full 
sample 

Side of 
pond 

sample 

Date Start 11/02/2021 11/02/2021 15/02/2021 

Time Drying 19 hrs 19 hrs 18 hrs 

Temperature (⁰C) 104 ⁰C 104 ⁰C 104 ⁰C 

Mass of container and wet soil C (g) 86.02 97.16 86.91 

Mass of container and dried soil A (g) 10.45 13.47 14.159 

Mass of container B (g) 8.63 8.65 8.676 

%Total Soilds = ( )×  2.4 5.4 7.0 

 



 

PACl trial report – Te Mato Vai | 12504023 | 31 

Table 22 – Dried solids (% DS) results for residuals from the Tupapa 
combined pond 

Sample T1 T2 

Description of sample Full sample Full sample 

Date Start 11/02/2021 11/02/2021 

Time Drying 19 hrs 19 hrs 

Temperature (⁰C) 104 ⁰C 104 ⁰C 

Mass of container and wet soil C (g) 90.28 82.05 

Mass of container and dried soil A (g) 23.14 18.12 

Mass of container B (g) 8.64 8.6 

%Total Solids = ( )×  17.8 13.0 

 

 

Spade test 

Samples of residuals were tested for “spadability” by undertaking a simplified tilt table test using 
a spade in the field.  

Samples of residuals were dug from the ponds and then tilted on the spade to determine at 
what angle they would fall off the spade. Observations were also made of the stickiness of the 
sludge. 

The tests were carried out on 11 Feb 2021 at both Tupapa and Matavera plants, see Figure 21 
and Figure 22. 

The spade tests showed that there was an optimum level of drying for “spadeability”. When the 
water content is too high the sludge is liquid and unable to be collected on a spade. The sludge 
then dries to an intermediate state which is jelly like and spadable (approx. 7% DS). With further 
drying the sludge can become sticky and adhere to the spade, which may be more difficult to 
remove, sticking to excavator machinery and transport trucks (approx. 14% DS). 
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Figure 21 – Spade test at Matavera 
(approx. 3% DS) 

Figure 22 – Spade test at Tupapa 
(approx. 13-18% DS) 
 

Shaking test 

The shaking test shows if water is liberated from sludge when shaking it vigorously. The jar test 
was conducted at the upstream standby pond (in drying mode) at Tupapa.  

A sample of residuals was placed into a glass jar and shaken two ways. Shaking was 
undertaken first by vigorous tapping on the side of the glass, then second by vigorous shaking. 
In between each action the jar was opened, and the surface of the sludge was examined for 
free water. In both instances no free water developed on the surface of the sludge. 
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Figure 23 - Shaking test at Tupapa 

 

5.5 Conclusions 

The experience from the trial suggests that the optimal settling tank de-sludging frequency 
seems to be around 4 to 6 weeks. 

The experience from the trial so far is that the sludge is drying well in both the dedicated scour 
ponds and in the combined ponds with duty and standby arrangements. The plants can be 
operated in a way that allows substantial drying in the scour and combined standby ponds, with 
both configurations reaching more than 14% DS. At this point there are no concerns about the 
ability of either pond configuration to dry the residuals. 

Spadeability is good at approximately 7% DS. At 18 % DS the sludge becomes sticky and it 
may be more work to remove it from the ponds. However, this appears manageable. 

A preliminary estimate of the residuals production for Ngatoe and Tupapa is approx. 8 to 8.5 m3 
per year, at 15% DS in the ponds. This is based on the measured volumes during two (rather 
dry) months of the trial. We expect this volume to increase once more data during rainier 
months becomes available. If the sludge production were proportional to rainfall amount, the 
increase could be around 80%. 

This mass and volume calculation depends on a few assumptions, and the ongoing operation 
will provide more details. However, it seems that the overall residuals production of the plants is 
less than previously anticipated, and in a range that is manageable. 

It was also noted that different plants grow in the dried residuals (e.g. Figure 16, Figure 17, 
Figure 18, Figure 20, and Figure 22). An analysis of the residuals for extractable aluminium 
returned a concentration of less than the analytical detection limit. Based on this and other 
information, it is likely that the residuals could be utilised as a soil amendment in a variety of 
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local applications, including for agricultural soils. This is currently being investigated, and 
laboratory analysis data and further information will be available soon. 

6. Operation without PACl 
During the trial, we gained some insight into what the consequences of operating the plants 
without PACl would be. We have experience with running the settling tanks without PACl. There 
is limited experience with running the AVG filters without PACl. 

Water usage 

The settling tanks at Turangi and Avana were operated without PACl for a while (and the AVG 
was bypassed). PACl removes microorganisms and other particles from the raw water (refer to 
sections 2.2 about reduction of turbidity and 2.6 about reduction of E. coli). Without PACl, most 
of those microorganisms remain in the water. We observed an increase in the build-up of algae 
mats, slime and other particles in the settling tank. As a result, the settling tank had to be 
drained and cleaned (water blasted) about every two to three weeks, which is approximately 
double the frequency of the settling tank de-sludging (refer to section 5.3). 

Cleaning the settling tank more frequently uses more water, which may be important in drought 
conditions. 

In addition to higher cleaning intervals for the settling tank, the AVG filter would also backwash 
more frequently because more particles enter the filter bed. This increases both the water that is 
not going to supply (wasted), and the loss of sand media18. 

Water quality 

The treated water quality would decrease if PACl were not used. While passing the water 
through the settling tank and AVG would likely result in a better water quality compared to the 
raw stream water, it would be nowhere near as good as the water quality that is produced by 
using PACl. During dry weather, this would be most apparent in the lack of E. coli reduction, and 
during rainy weather the lack of both E. coli and turbidity reduction. 

Any rapid filtration (such as used in the AVG) requires coagulation pre-treatment. If particles are 
not properly destabilized (by the coagulant), the natural negative surface charge on the particles 
and filter media grains cause repulsive electrostatic forces that prevent contact between 
particles and media. Properly designed and operated rapid filters can fail quickly if the coagulant 
feed breaks down. 

This was inadvertently demonstrated when we monitored the water quality during a rain event at 
Totokoitu (see section 2.3). Figure 3 from that section is reproduced below. While the PACl 
dosing system was blocked, the post settling tank turbidity was similar to the raw water turbidity, 
and the treated water turbidity was significantly above the target value of 1 NTU. 

After the PACl delivery line was unblocked, the water quality off the settling tank and AVG filter 
increased rapidly19 and met the 1 NTU target value. 

 
18 During every backwash, a small fraction of filter sand is washed out with the backwash water. 
19 The three to four hour lag is caused by the time it takes the water to travel through the settling tank and AVG 
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During the drought in January 2021, TTV put multiple plants on bypass. As a result, untreated 
stream water was supplied to the drinking water network. Anecdotally, there were increased 
complaints about the water quality during this period.  

7. Summary and recommendation
The experience from the trial suggests that the plants operate very well with PACl. In dry 
weather conditions, when the streams have a low turbidity, the most noticeable benefit of the 
plants is a reduction of the E. coli concentration (as an indicator organism).  

During rain events, both the reduction in turbidity and E. coli is significant. 

The residuals that are produced by the plants dry well in both pond configurations, resulting in a 
significant volume reduction. The produced residuals volumes are smaller than previously 
anticipated, and the removal of the dried residuals by digger or spade is feasible. 

The sampling for dissolved aluminium in the streams did not show elevated concentrations that 
were caused by discharges from the plants. All samples that were taken while the plants 
discharge to the stream were measured below 0.055 mg/L, the target value. Where the target 
value was exceeded, it was because of the natural aluminium background concentration of the 
streams. 

At this point, we have not seen any measurements that we believe are of environmental 
concern. 

Overall, there doesn’t seem to be an obvious reason to stop the PACl dosing, and we highly 
recommend that the plants be kept running with PACl to provide safer water to the population of 
Rarotonga. 


