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1 Introduction 

1.1 Scope 

Te Mato Vai is the project to replace Rarotonga’s water supply reticulation, add increased water storage, and 

provide treatment of the water to a potable standard. Stage 1 covered the reticulation, and Stage 2 covers 

the storage and treatment. The scope of this report is to provide a review of specific aspects of the ten water 

treatment plants that have been, and are being, constructed at the headworks as part of Stage 2. 

The High Court of the Cook Islands has appointed me as a court expert and tasked me with preparing an 

expert independent report under Minute No. 12 of the Honourable Justice Patrick Keane (Misc. Nos. 41/2016 

– 50/2016). 

Paragraph [17] of that minute sets out the intent of appointing a court expert: 

“In appointing Andrew Watson as 'court expert', my intent is to obtain authoritative neutral and 

accurate evidence on the issues now identified by the parties for two purposes: 

(a) to assist the parties to resolve those issues by agreement, or to narrow what is in issue. 

(b) to ensure that the Court is equipped to determine whatever may remain in issue.” 

Paragraphs [21] and [22] of the minute sets out the terms of the inquiry. Paragraph [21] raises six issues ((a) 

to (f)) to do with the use of disinfectants and flocculants in general water treatment practice. Paragraph [22] 

lists 23 questions ((a) to (w)) that are more specific to the design and construction of the Te Mato Vai 

headworks (Stage 2 of the Te Mato Vai project). 

1.2 Visit to Rarotonga 

I visited Rarotonga from 17 to 22 February 2020 and undertook a walkover of the ten headworks on 18 and 

19 of February. I was driven to each of the headworks by Mr. Bruce Manuela (Chief Surveyor, Ministry of 

Justice), and we were escorted by Mr. Justine Vano (Junior Surveyor, McConnell Dowell) in a separate 

vehicle. I’d like to acknowledge their assistance in making my walkover possible, and their patience over 

those two days. 

While in Rarotonga I met with the parties on 20 February. Two matters arose out of that meeting that have 

already been responded to separately (letter to Judge Keane dated 9 March). 

1.3 Information Provided 

The information that I have been provided with by various parties, but through the Court, which has been 

used in the preparation of this report, is referenced in footnotes through the report. 

1.4 Layout of Report 

To assist the reader, I have copied the wording of the relevant issue or question from the terms of the inquiry 

in italics at the start of the section where I address that issue or question. 



| Disinfectants and Flocculants | 

 
 

 Te Mato Vai – Stage 2 – Expert Independent Report  | 6204767-101317207-26 | 20 March 2020 | 2 

 

2 Disinfectants and Flocculants 

2.1 Disinfectants 

2.1.1 Usage 

(a) Identify the spectrum of disinfectants generally in use in the public supply of water, including 

those in issue. 

(b) Describe in a general way how widely each is used in public water supply. 

The disinfectants generally in use in public water supplies are: 

● Chlorine. 

● Ultraviolet light. 

● Ozone. 

● Chloramines. 

● Chlorine dioxide. 

Four of these disinfectants are chemicals, but ultraviolet light is not. 

The extent of use of each of these disinfectants varies round the world depending on a number of factors. 

These include historical practices, the quality of the water being disinfected and treated water quality 

objectives, the size of the network, country-specific water supply regulations, and the culture as it manifests 

itself in attitudes to chemicals (i.e. the disinfectant itself, and any by-products that may be created when it 

reacts with the water being disinfected) and sensitivities to tastes & odours. 

I will now briefly describe each of these disinfection processes in turn, and the extent of their use in public 

water supplies. 

Chlorination 

Chlorination can be undertaken with chlorine gas (Cl2), or a solution of sodium hypochlorite (NaOCl) (either 

generated on site or purchased commercially), or solid calcium hypochlorite (Ca(OCl)2). 

All forms of chlorine, when added into water, react with the water and form two disinfecting chemicals - 

hypochlorous acid (HOCl) and the hypochlorite ion (OCl-). 

Hypochlorous acid and the hypochlorite ion together are known as free available chlorine (FAC). 

Hypochlorous acid is a much more potent disinfectant than the hypochlorite ion. The relative concentrations 

of these two molecules in water are controlled by the pH and temperature of the water, with more 

hypochlorous acid at lower pH values (i.e. more acidic) and lower temperatures.  

Chlorine gas is supplied in liquified form in pressure vessels (similar concept to liquified petroleum gas). New 

Zealand’s main source of chlorine gas is from production at the Kinleith pulp mill in the central North Island. 

Specialised equipment is used to dose the chlorine from the gas cylinder/drum into the water.  

Sodium hypochlorite is a clear light-yellow solution available in 1000L containers at a strength of about 15% 

available chlorine. When diluted down to about 4% available chlorine it is sold as household bleach (e.g. 

Janola or White King). 
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Calcium hypochlorite is a white solid in granular or tablet/briquette form, that is typically 65% available 

chlorine (Figure 2-1). It is commonly used as a disinfectant for swimming and spa pools. Because it is in a 

more concentrated form than sodium 

hypochlorite it is more easily transported and 

stored, and it is often used for potable water 

disinfection for small remote communities and 

in developing countries. The granules or 

tablets/briquettes are dissolved in a tank and 

dosed into the water. 

Calcium hypochlorite is difficult to dissolve in 

hard waters. Based on the limited water quality 

analyses undertaken by Watercare in 2014, 

dry weather flows in Avatiu and Ngatoe appear 

to have elevated hardness. Dissolving the 

calcium hypochlorite granules could be slow in 

these sources in dry weather. 

Figure 2-1: Calcium Hypochlorite Granules 

Chlorination is the most common means of 

drinking water disinfection in New Zealand, 

with most plants of a similar scale to TMV and 

treating surface water using chlorination.  

Chlorination is used to disinfect water at plants 

that supply 78% of the people connected to 

registered drinking-water supplies1.  Liquified 

chlorine gas is most commonly used at the 

larger treatment plants (Figure 2-2), while for 

smaller plants either gas or sodium 

hypochlorite are the predominant means of 

chlorination.  Calcium hypochlorite is only used 

in a limited number of very small plants. 

 

Figure 2-2: Liquified Chlorine Gas Facility at a 23,000 m3/day WTP in New Zealand 

 

The New Zealand government inquiry following the Havelock North waterborne disease outbreak in August 

2016 made 51 recommendations2, two of which are directly relevant to the future of chlorination practice in 

NZ: 

(20) Appropriate and effective treatment of drinking water should be mandated by law or through the 

Drinking Water Standards for all supplies (networked and specified self-suppliers). This should 

include a residual disinfectant in the reticulation.  

 

11 Ministry of Health (NZ), 2011. Annual Review of Drinking-water Quality in New Zealand 2009/10. Wellington: Ministry of 

Health, New Zealand. 

2 New Zealand Government Inquiry into Havelock North Drinking Water, 2017. Report of the Havelock North Drinking 

Water Inquiry:  Stage 2. December 2017. 
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(21) Provision should be made for exemptions to mandatory treatment only in very limited 

circumstances. Any supplier seeking an exemption should have to discharge a heavy onus of 

satisfying an appropriately qualified and experienced body of the present, and ongoing, safety of the 

particular supply. 

It should be noted that these findings were made in relation to a ground water supply, and in general, surface 

water supplies are at higher risk in terms of waterborne disease outbreaks. 

These, and most of the other recommendations were adopted by the government, and the changes will be 

driven by the new regulator (Taumata Arowai), which is in the process of being established. This will no 

doubt mean that the use of chlorination will increase from that cited above. 

In the USA, the most recent water industry survey3 found that about 70% of systems used chlorination. 

Although this survey had a limited number of respondents (about 0.7% of more than 52,700 community 

water systems in the USA), it broadly aligns with statistics collected in late 1990s by the US Environmental 

Protection Agency. These late 1990s’ statistics showed that 86% of utilities used chlorination4, but since then 

a number of trends have driven a reduction in the use of chlorination. 

Ultraviolet (UV) Light Disinfection 

UV disinfection uses UV light in a particular part of the UV spectrum to irradiate the water as it flows through 

a reactor – the UV light damages the DNA of pathogens and prevents their replication, meaning a person 

cannot be infected because the pathogens cannot replicate. UV disinfection is different from chemical 

disinfection (e.g. chlorination) which kills pathogens by chemically destroying the cell wall. 

UV disinfection is being increasingly used, as it is not only effective at inactivating bacteria, and to a lesser 

extent viruses, but it also is very effective at inactivating protozoa (unlike chlorination). It also appeals to 

consumers who dislike the use of chemicals.  Conversely, chlorination provides very good disinfection of 

viruses, good disinfection of bacteria but poor disinfection of protozoa.  Note protozoa are physically the 

largest of the pathogens, and hence are more effectively removed by filtration in comparison to other 

pathogens. 

In New Zealand, suppliers with a 

water that is high quality (e.g. 

groundwater from a deep aquifer) 

have used UV disinfection as a low-

cost means of achieving protozoal 

compliance with the Standards, 

and/or achieving bacterial 

compliance without the use of 

chlorine. It is mainly used in smaller 

plants, but there are some large 

plants such as Waterloo (115,000 

m3/day) and Hamilton 

(106,000 m3/day) Note that both 

Waterloo and Hamilton still use 

chlorine to provide a residual 

disinfectant and provide a robust 

 

3 2017 Water Utility Disinfection Survey Report, American Water Works Association, 2018 

4 McGuire MJ, 2006. Eight revolutions in the history of US drinking water disinfection. JAWWA, 98:3. 

Figure 2-3: Twin UV Reactors in a 45,000 m3/day WTP in New Zealand 
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multibarrier approach.  Refer to the discussion above on the relative strengths and weaknesses of each 

disinfectant – the combination not only provides two barriers, but also provides an effective disinfectant for 

each of the pathogen groups. 

In the USA, in 2006 McGuire4 reported that 10% of large water utilities were expecting to shift to the use of 

UV as their primary disinfectant (but note, they may still use chlorination as their secondary disinfectant). 

Ozone Disinfection 

Ozone (O3) is a gas and is one of the strongest oxidants and disinfectants used in treating water. It is 

generated by subjecting a flow of air or oxygen to a high voltage electrical current, which splits molecular 

oxygen (O2) into its two constituent atoms that then recombine with other oxygen molecules to produce 

ozone (comprising three atoms of oxygen).  Ozone decays rapidly, and hence does not provide a residual 

disinfectant, and this decay rate also limits its disinfection effectiveness.  

There is only one significant plant using ozone in New Zealand – at the Claremont treatment plant serving 

Timaru, which also uses chlorine as a residual disinfectant. This plant is planning on replacing the ozone 

process with a membrane filtration plus chlorination process. 

In the USA in 1998, about 6% of large water utilities were using ozone as their primary disinfectant4, however 

most of these would be expected to also be using chlorine as their secondary disinfectant. 

Chloramination 

Chloramination is the dosing of both chlorine and ammonia to water to preferentially form monochloramine, 

which is the most effective of the three chloramine compounds. Chloramines are generally used as a 

secondary disinfectant as they are much weaker disinfectants than hypochlorous acid or hypochlorite. They 

can be used to provide disinfection in the distribution system as they are more persistent than free chlorine 

and are more effective at control of biofilms in the distribution system. 

Normal practice for plants using chloramination is first have a free chlorine residual and suitable contact time 

to achieve disinfection, and then dose ammonia to convert the chlorine to chloramine, to provide a residual 

through the distribution. 

Chloramination is not practised in any water supplies in New Zealand. It is used in Australia including in two 

of Australia’s five largest metropolitan areas – South East Queensland (including Brisbane) and Adelaide. 

In the USA, about 30% of large utilities use chloramination as their secondary disinfectant4, with chlorine as 

the primary disinfectant as described above. 

Chlorine Dioxide Disinfection 

Chlorine dioxide (ClO2) is a gas at normal temperatures but is unstable and so has to be made at the point of 

use. It is typically made by the reaction of sodium chlorite and chlorine at low pH (acidic conditions) using 

proprietary equipment.  

Chlorine dioxide is a stronger disinfectant than chloramines, is equal or superior to chlorine, is effective over 

a wider pH range, and can be used to inactivate protozoa as well as bacteria and viruses. 

Only one municipal supply is currently using chlorine dioxide in New Zealand, and this relatively new supply 

is planning on abandoning its use as the decay rate has been too high and the treatment objectives cannot 

be met. 

In the USA in 1998, about 8% of large water utilities were using chlorine dioxide as their primary 

disinfectant4. 
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2.1.2 Advantages and Disadvantages 

(c) Identify the advantages and disadvantages of each set against general industry and 

environmental standards. 

My opinion of the advantages and disadvantages of the five main disinfectants is presented in Table 2-1 

below. This has been adapted from the Guidelines for Drinking-Water Quality Management in New Zealand 5 

(which has been extensively referenced by GHD in their various affidavits). 

Table 2-1 Advantages and Disadvantages of Disinfectants 

Characteristic Chlorine UV Light Ozone Chlor-
amination 

Chlorine 
dioxide 

Effectiveness against 

bacteria 

Good Good Good Good Good 

Effectiveness against 

protozoa 

Slight Good Good None Good 

Effectiveness against 

viruses 

Very Good Slight/moderate Good Poor Good 

By-products of possible 

health concern 

Yes Nil? Significance 

unresolved 

Yes A few Yes 

Equipment reliability Good Fair to good Fair Good Fair 

Relative complexity of 

technology 

Simple to 

moderate 

Simple to 

moderate 

Moderate Moderate Moderate 

Suitability for remote 

locations 

Gas: Fair/Good Good but need 

power 

Poor Fair Fair 

Hypo: Good 

Health & safety concerns Gas: Yes Minimal Moderate Yes Yes 

Hypo: 

Moderate 

Environmental concerns 

from spills or failures 

Gas: High None Fair Fair Moderate 

Hypo: Fair 

Residual in distribution 

system 

Moderate None None Long Moderate 

pH dependent Yes No Slight Moderate Slight 

Process control Well developed Well developed Developing Well-developed 

but complex 

Developing 

Capital costs Low Moderate High Moderate Moderate 

Operating costs Low Moderate High Moderate High 

Consumer perception Can be poor 

due to taste & 

odour, and 

perceived 

health effects 

Generally 

positive as no 

effect on taste & 

odour. 

More positive 

than other 

chemical 

disinfectants. 

Can be poor 

due to taste & 

odour, and 

perceived 

health effects 

Not well known. 

Can be odour 

issues. 

 

 

5 Guidelines for Drinking-Water Quality Management in New Zealand, Ministry of Health, May 2019 
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In summary, each of the disinfectants generally in use in public water supplies have their own advantages 

and disadvantages.  

For a particular supply or supplier these advantages and disadvantages need to be weighed up for the 

characteristics that are important for that supplier, and a balanced decision made. Most water suppliers have 

established their own preferences over the course of time, and these often determine what disinfectant is 

selected. Most municipal supplies of a similar scale and raw water quality to Te Mato Vai use some form of 

chlorine disinfection.  

2.1.3 Risks 

(d) Identify the extent to which they can be a source of risk in the senses the applicants identify. 

(e) Describe the ways, if any, in which any risks can be eliminated or reduced. 

In answering question (d), my reading of the affidavits is that the applicants’ primary concerns are around 

environmental risks, and to a lesser extent human health risks. 

Table 2-1 shows, each of the five disinfectants has a different risk profile in terms of environmental risks, 

health & safety risks, and health risks from by-products produced by their use.  

Chlorination 

For chlorination these risks are presented in the following paragraphs, as well as how the identified risk can 

be eliminated or reduced. Note that because liquified chlorine gas nor sodium hypochlorite are not being 

proposed for TMV, and I agree that they should not be, these forms of chlorine will not be considered any 

further. The discussion therefore focuses on the use of calcium hypochlorite. 

Environmental 

Handling risks: The primary risks with handling calcium hypochlorite is that it can ignite combustible 

materials such as paper, wood or oil. Mixing with acids (including, for example the PACl coagulant) will also 

cause chlorine gas to be released, which is highly toxic. Calcium hypochlorite should be stored in sealed 

containers, in a storage area away from heat and in an area not used for storing other materials, particularly 

materials that are incompatible. The lack of security at the treatment plants means it should not be stored at 

the plants. The supplier’s Material Safety Data Sheet (MSDS) should be consulted and followed for detailed 

handling requirements. 

Transportation to the headworks: because the access road is vulnerable to washouts and the fords will be 

difficult to cross at times, the transportation of any material to the headworks has risks. Ideally materials will 

only be transported when the streams are not in flood, but this may not always be possible. For chemicals, 

the consequences of losing some or all of a load are somewhat reduced by having the chemical in a solid 

form (i.e. calcium hypochlorite). The would be further reduced if the calcium hypochlorite was in drums or 

waterproof bags.  Calcium hypochlorite is typically supplied in plastic buckets or drums, which would further 

reduce the consequences. 

Spills at the treatment plant: this could happen for any number of reasons including spilling some of the 

chemical onto the floor of the building when making up a solution, opening a wrong valve, the piping or 

fittings in around the building being broken, and the dosing pipeline being broken. The mixing tanks that 

have been installed are self-bunded tanks, which means that if the mixing tank leaks that its contents will be 

retained in the outer shell. However, the process drawings suggest that if a three-way valve on the line that 

feeds water into the mixing tank was open in a certain way that the mixing tank could become pressurised. If 

this occurred, and the tank had a leak, the outer shell has on overflow onto the floor which would mean it 

would spill onto the floor. It is therefore important that that sight glass on the tank is regularly checked to 

make sure the mixing tank is not leaking.  
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There are two other features of the present installations that are concerning. The first is that the mixing tanks 

have a bolted down access hatch on top of the tank (I think 12 bolts). This will need to be removed each time 

a batch of calcium hypochlorite granules is added to the tank for mixing. I see a risk that over time, re-bolting 

the lid on each occasion will become too troublesome and it will be left undone, adding to the risks of it 

overflowing onto the floor if it became pressurised. 

The second is that there are no steps or other means for an operator to load calcium hypochlorite granules 

into the mixing tank, or any means of mixing the contents of the tank. 

I also note that, although a safety shower is shown on the drawings for each plant, a decision has been 

made to have a portable safety shower on the operators’ vehicle instead (section 4.10 in Mott MacDonald 

DDR)  

At two or three plants I observed water on the 

floor of the hypochlorite building from the rain 

that was falling or had fallen – it appeared to 

have entered via a pipe penetration on the 

rear wall, perhaps exacerbated by an 

overflowing gutter (refer Figure 2-4). This 

should be remedied, but this and the fact that 

the design intent is for the front of the building 

to be open to the weather, points to the need 

for good housekeeping to make sure all spilt 

chemical is cleaned up and removed in case 

rainwater does get on the floor and can carry 

any chemical outside. 

 

The risk of the dosing pipeline being broken is reasonably low. It could be re-laid inside a larger pipe (i.e. 

ducted) with a valve on its lowest point so that any leaks would be detected and contained. However, 

considering the proposed relatively low concentration of the mixed hypochlorite solution (3% w/v), I consider 

that as long as the dosing pipeline is inspected periodically at its vulnerable points, that ducting is not 

warranted. Again, good housekeeping can further reduce this risk by maintaining a chemical inventory and 

comparing this against the measured concentration of chlorine in the treated water as it leaves the treatment 

plant.  

Human Health 

Disinfection by-products (DBPs) are formed when chlorine reacts with any natural organic matter (NOM) 

present in the water. NOM primarily comes from the decay of vegetation and is typically what gives water its 

colour, with the more NOM that is present the more DBPs that are formed. 

The primary means of minimising formation of DBPs is reducing the NOM prior to dosing chlorine.  

Coagulation provides good removal of NOM in conventional water treatment. 

The most common of these by-products are trihalomethanes (THMs) with the general formula CHX3 (where 

X = chlorine or bromine). The four THMs of importance to drinking water are bromodichloromethane, 

bromoform, chloroform and dibromochloromethane. 

Another class of DBPs are haloacetic acids (HAAs). These are acetic acids in which one or more of the 

hydrogen atoms in the methyl group has been replaced by chlorine and/or bromine. 

Figure 2-4: Rainwater on floor of Matavera WTP hypochlorite 
building 
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Generally, chlorination by-products have been well studied compared to the by-products of alternative 

disinfectants which are beginning to be studied. DBPs continue to be identified and research into their health 

effects is also ongoing. 

Cancer: While there is some evidence of possible health effects from DBPs, particularly possible cancer 

risks from chloroform and the other THMs and by-products, this evidence is based on high-dose animal 

studies. Epidemiological studies conducted to date do not provide any evidence that disinfectants and their 

by-products affect human health at the concentrations found in drinking water (WHO, no date). 

WHO6 has concluded “the hypothesis of a causal relationship between consumption of chlorination by-

products and the increased relative risk of any cancer remains an open question.” Further, “the small to 

medium relative risks for all the tumour sites studied and uncertainty related to the magnitude and type of 

human exposures make it difficult to conclude that real risks result from the ingestion of chlorinated drinking-

water.” 

Reproductive & Developmental Effects: Some toxicological and epidemiological studies suggest a 

potential association between DBP exposure and adverse reproductive and developmental effects.  

WHO6 concluded that data for reproductive and developmental effects are often conflicting. This review 

points out that early studies were often biased or suffered from methodological limitations. In general, WHO 

concluded that the evidence for an association between chlorinated drinking water and adverse pregnancy 

outcomes is inconclusive and that many of the weak associations could be due to confounding bias. 

Respiratory Effects: It has been reported that asthma can be triggered by exposure to chlorinated water 

(Watson & Kibbler, 1993, cited in WHO7). This is an isolated reference and has not been picked up by any 

regulatory authority. 

Dermatological Effects: Episodes of dermatitis have been associated with exposure to chlorine, but skin 

problems traceable to disinfected water are typically related to swimming pool use8. Concentrations of 

chlorine used in swimming pools are much higher than those used in drinking water – typically 2.5 to 5 times 

higher than drinking water. 

Other Health Effects: Epidemiological studies have not identified an increased risk of cardiovascular 

disease associated with chlorinated water6. Chlorine must be removed from water used in kidney dialysis 

machines8. Chlorine is toxic to fish and USEPA8 recommends that chlorine in water should be neutralised or 

removed if used in fish tanks. 

 

The DBPs of health concern have guideline limits set by public health agencies such as WHO, USEPA, and 

the Australian National Health and Medical Research Council. In New Zealand the Drinking Water Standards 

set maximum acceptable values for 16 DBPs that can be produced by chlorination. The proposed draft 

standards for the Cook Islands have set maximum acceptable values for 3 DBPs (one of which is a 

combination of 4 individual DBPs). 

 

6 World Health Organization, 2000. Disinfectants and Disinfectant By-products. Geneva: World Health Organization. 

Available at: <http://whqlibdoc.who.int/ehc/WHO_EHC_216.pdf> 

7 World Health Organization, 2003. Chlorine in Drinking Water, Background document for development of WHO 

Guidelines for Drinking-water Quality. Geneva: World Health Organization. Available at: 

<http://www.who.int/water_sanitation_health/dwq/chlorine.pdf> 

8 US EPA, 2009 Chloramines Q&A’s. EPA 815-B-09-001. US EPA Office of Water. Available at: < 

http://www.epa.gov/ogwdw/disinfection/chloramine/pdfs/all29_q.pdf> 
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From a public health perspective, the general consensus is that microbiological safety represents a real and 

present danger compared with DBPs. This is well expressed by the New Zealand Ministry of Health5 as: 

“New Zealand’s foremost concern, like other countries, is to provide microbiologically 

safe water. The microbiological quality of the water must never be sacrificed 

just to minimise disinfection by-product formation. This is not to say that efforts 

should not be made to keep disinfection by-product concentrations to a minimum.” 

If chlorination is used, DBP concentrations can be minimised by the practice of coagulation/flocculation, and 

typically be kept well under the limits set by the public health agencies like WHO, USEPA, NZ Ministry of 

Health, and Cook Islands Ministry of Health/Te Marae Ora. 

Ultraviolet Light 

Environmental 

The risks to the environment associated with the use of UV are low compared with chemical disinfectants, as 

there are no quantities of chemicals of any significance to transport or handle. The UV lamps contain small 

quantities of mercury, and hence care needs to be taken in the handling and disposal of lamps.  The quartz 

sleeves that surround the UV lamps in the reactor require regular cleaning to remove fouling, but this is 

normally automated and the quantities of cleaning gel that are periodically inserted into the wiper mechanism 

are small. 

In the TMV context there would be environmental impacts from installing UV at the current WTP sites. Power 

would need to be brought up the valley (or solar generation and battery storage provided), and a 

weathertight building constructed to house the UV reactor and the associated electrical & controls 

equipment.  

Human Health 

The DBP risks associated with UV disinfection are regarded as being significantly less than the risks 

associated with chemical disinfectants. 

The UK Drinking Water Inspectorate in 2015 (as referenced in the NZ DW Guidelines5) concluded that the 

potential formation of DBPs as a result of treatment by appropriately designed and maintained UV systems is 

low. The most significant DBPs are nitrite formed from nitrate and bromate formed from pre-chlorinated 

supplies containing bromide; the formation of both can be minimised by appropriate water treatment and UV 

system design. Based on the Watercare analyses, nitrate levels in the Te Mato Vai sources are low and 

hence nitrite formation is not a concern, but bromide levels would need to be checked. 

There is a very low risk of quartz sleeve and UV lamp breakages occurring – these can result in a risk to 

human health through exposure to mercury and glass fragments.  These risks can be mitigated through good 

design and operating procedures. 

In terms of risks to operational staff, UV light at the intensity used for disinfection is dangerous to eyes and 

skin. Drinking water UV systems are closed reactors and the risks to operational staff are negligible as long 

as the manufacturer’s instructions are followed. 

Ozone 

Because ozone can be made from air (albeit less economically than from oxygen) it need not involve 

transporting a chemical into the 10 headworks sites. The only environmental and operator risk is safely 

removing and destroying the ozone that remains at the end of the contact tank as ozone is a strong oxidant 

and also toxic.  
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Although there are less concerns with DBPs from ozonation than chlorination there is one regulated DBP – 

bromate. 

Chloramines 

Because chloramination involves adding both chlorine and ammonia, it has the same environmental risks as 

chlorine as well as those associated with ammonia. The typical form of ammonia used in Australia is 

anhydrous ammonia (compressed gas) by the larger water authorities, whereas smaller authorities use 

25 percent aqua ammonia5. USA practice is to also use granular ammonium sulphate or chloride9. The 

environmental risks associated with transporting gas cylinders are probably manageable, but for the liquid 

form (aqua ammonia) it would be similar to those described for sodium hypochlorite. The risks of the solid 

form would be similar to those described for calcium hypochlorite. 

In terms of human health risks one of the features of chloramination, and one of the reasons that it enjoyed a 

renaissance in the USA in the 1980s and 1990s, is that it creates lower concentrations of chlorinated 

disinfection by-products than chlorine alone. 

Users of kidney dialysis equipment are the most critical group that can be impacted by the use of 

chloramines, as chloramines can cause methemoglobinemia5. Chloramines can also be deadly to fish5. 

Chlorine Dioxide 

As discussed above, chlorine dioxide is explosive under pressure and must therefore be generated at the 

point of use. There are a range of commercially available generation systems. The USEPA10 lists seven 

different types of systems (i.e. using different chemical processes), with sodium chlorite as a common 

feedstock for all but one type (it uses sodium chlorate). Sodium chlorite is dangerous if mishandled or stored 

incorrectly. 

Depending on the type of system the other chemical needed is typically chlorine gas, or sodium hypochlorite, 

or sulphuric acid or hydrochloric acid.  

The risks, both environmental and to operational staff, from the explosion risk and the transport/use of these 

chemicals are significantly greater than the four other disinfectants.  

In terms of human health risks associated with DBPs, chlorine dioxide does not produce THMs, and 

produces few organic DBPs. It does however produce two inorganic DBPs - chlorate ions and chlorite ion for 

which there are guidelines and regulatory limits, and these limits restrict the use of chlorine dioxide to low 

doses. 

2.1.4 Acceptability 

(f) Express an opinion about the acceptability of the chemical compounds in issue. 

Of the five disinfectants that I have discussed above, I consider that only chlorination (in the form of calcium 

hypochlorite) and UV are appropriate in the TMV context. UV has many advantages over chlorine such as 

the fact that it provides a good level of inactivation of protozoa, does not produce tastes & odours, and has 

minimal environmental and DBP risks.  

The key disadvantages of UV disinfection, as opposed to chlorine disinfection, is that it provides no 

protection against recontamination which may occur after the water leaves the treatment plant; i.e., it does 

 

9 Lauer WC, 2014. “How Do We Optimize Chloramine Production and Control?”. Opflow, AWWA, July 2014 

10 USEPA, 1999. Alternative Disinfectants and Oxidants Guidance Manual. EPA 815-R-99-014, USEPA Office of Water, 

April 1999. 
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not provide any disinfectant residual in the distribution network, and does not provide the same level of virus 

disinfection that chlorine does. 

The distribution system on Rarotonga has high leakage (estimated at 45% of total demand in the GHD 

DDR), and Rarotonga also relies on septic tanks for domestic sewage disposal. In this context having a 

residual is absolutely critical for mitigating the contamination risks arising from backflow, negative pressures 

drawing in near-surface groundwater, intermittent loss of supply, informal/illegal connections, pipe breakages 

(either through failure or accidental excavation), and poorly sealed service reservoirs. 

In my opinion there must be a disinfectant residual for the foreseeable future. There may come a time when 

TTV and TMO have sufficient confidence in both the distribution system and TTV’s capability and capacity as 

an organisation that the idea of operating non-residual system could be considered. In New Zealand, 

Christchurch and Napier are currently endeavouring to prove to the Ministry of Health (and the new regulator 

once it is established) that they can operate without a residual. The recommendations of the Havelock North 

Inquiry (refer section 2.1.1) means that there is a very high bar to overcome. It is important to appreciate that 

both these supplies are deep groundwater supplies, typically free from pathogens, as opposed to the surface 

water sources in Rarotonga which are known to have relatively high levels of pathogens present. 

2.2 Flocculants 

2.2.1 Usage 

(a) Identify the spectrum of flocculants generally in use in the public supply of water, including 

those in issue. 

(b) Describe in a general way how widely each is used in public water supply 

In the water industry the following is the generally accepted terminology for the chemicals that are used for 

destabilising and aggregating particles and natural organic matter (NOM); thereby allowing the 

particles/NOM to be separated out in a subsequent process (e.g. by settling): 

Coagulant: A chemical with a strong positive charge which destabilises particles in the water (particularly 

colloidal sizes) by neutralising their negative charge and forming flocs (lumps of particles). Coagulants also 

reacts with and removes NOM, which is dissolved in the water. It can sometimes be a combination of a 

primary coagulant and secondary one (called a coagulant aid). 

Flocculant: A chemical that assists in the joining together of the flocs and making them larger and stronger 

to make separation easier. Flocculants, also called flocculant aids, are normally synthetic organic 

compounds called polyelectrolytes or polymers. 

The main coagulants in use in New Zealand and Australia in public water supplies are the two that have 

been well covered in the affidavits from GHD, alum and PACl, and increasingly a third: aluminium 

chlorohydrate (ACH), particularly for use with membrane filtration.  

The same is true internationally, although coagulants based on iron salts are also used – e.g. ferric chloride 

and ferric sulphate. There are also iron-based versions of PACl/ACH – e.g. polyiron chloride. 

However, there is one significant exception to the almost exclusive use of alum, PACl and ACH in Australia. 

The Prospect WTP, which serves Sydney and has a capacity of 3 million m3/day, uses ferric chloride as its 

coagulant. 

When coagulant aids are used the most common chemical is the polyelectrolyte polyDADMAC, as even 

small doses can reduce the amount of primary coagulant dose and achieve cost savings and other benefits. 

It can also be used as a primary coagulant, but this is normally only in direct filtration plants (i.e. no settling 

tank).  
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Flocculants are normally one of three types of polyelectrolyte: typically, polyacrylamide, sometimes 

polyamine and occasionally polyDADMAC. Flocculants are used in the majority of water treatment plants in 

New Zealand. These chemicals are manufactured in a variety of charges (positively, neutral, negative), 

different strengths of charge, and in a range of molecular weights to suit the particular application. 

Flocculants are important if there are multiple treatment goals, such as very low turbidity (e.g. 0.1 NTU) and 

maximum NOM removal. 

2.2.2 Advantages and Disadvantages 

(c) Identify the advantages and disadvantages of each set against general industry and 

environmental standards. 

The advantages and disadvantages of each coagulant are summarised in the table following. 

Table 2-2 Advantages and Disadvantages of Different Coagulants 

Coagulant Advantages Disadvantages 

Alum ● Well suited to high turbidity and high 

NOM 

● Low cost 

● High acidity which depresses pH below 

its optimum for good coagulation (pH 6.0 

to 7.0), and therefore requires pH 

correction with a low alkalinity water 

● Aluminium residuals present in waste 

waters from process and in sludge 

● pH correction also typically required in 

alum-treated water to minimise 

corrosivity in distribution 

PACl ● Less acidic than alum so doesn’t depress 

pH as much as alum 

● Good performance over a wider range of 

pH values than alum – pH 6.0 to 7.5 

typically 

● More robust and faster reacting than 

alum 

● Typically reduces sludge volumes 

● Higher cost than alum, but this is often 

offset by being able to avoid the use of 

pH correction 

● Aluminium residuals present in waste 

waters from process and in sludge 

ACH ● Less acidic than both alum and PACl, so 

little change to pH 

● Good performance in a higher range of 

pH – pH 7.0 to 8.0 typically 

● Robust performance 

● Performs well on clean raw waters 

● Higher cost than PACl but can be cost 

effective under higher pH conditions  

● Aluminium residuals present in waste 

waters from process and in sludge 

PolyDADMAC ● Combines functions of coagulant and 

flocculant into one chemical 

● No aluminium content in process waste 

waters or in sludge 

● High cost 

● Generally, only suitable for direct 

filtration and may not produce a good 

settleable floc 

● May not achieve the same level of NOM 

removal as aluminium based coagulants. 

● If using chloramine disinfection can 

produce DBPs of concern 

I note that, consistent with one of the project objectives of “…. design of appropriate, robust easy to maintain 

infrastructure improvements” that the use of a flocculant has not been considered. A flocculant would add 

another chemical and therefore add complexity. However, it could bring significant benefits in terms of 

improved treatment and may reduce coagulant costs and the quantities of sludge that need to be managed. 
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2.2.3 Risks 

(d) Identify the extent to which they can be a source of risk in the senses the applicants identify. 

(e) Describe the ways, if any, in which any risks can be eliminated or reduced. 

For the type of treatment process that has been designed and constructed at the 10 headworks, the use of a 

coagulant is essential for meeting the treatment goals for the TMV project. I note that these goals have 

changed over the course of the project from those in the GHD Detailed Design Report (January 2016): 

● to a slightly more stringent goal in the Mott MacDonald Detailed Design Report (June 2019) of turbidity of 

< 1 NTU and colour of < 10 TCU; 

● to needing to provide compliance with the Cook Island Drinking Water Standards (CIDWS), which 

requires the following key treated water quality requirements:  

– Maximum acceptable value of E. coli of zero/100 mL 

– Maximum acceptable value of pathogenic protozoa of < 1 infectious (oo)cyst/100 L 

– < 1 NTU in water leaving the treatment plant (with continuous turbidity monitoring) 

– Guideline value for colour of 10 TCU. 

In my opinion it will be impossible to consistently meet the treated water quality requirements CIDWS without 

the use of a coagulant. 

In terms of the environment the key risks associated with the use of an aluminium-based coagulant are: 

1. Spillages while transporting the chemical to the plants and handling it while on each site. 

2. Leaks from chemical tanks and chemical pipework. 

3. Overflows from the settling tank. 

4. Discharges to the stream from the scour pond and/or backwash ponds. 

5. Flood flows from the stream, and/or runoff from the pond’s catchment, overflowing into the pond and 

causing sludge sediment to flow into the stream. 

6. Recovering and disposing of the sludge from the ponds. 

The following discusses each of these risks in more detail, and how these can be mitigated. 

1. Spillages. 

The risks associated with spillages are similar to, but typically of less consequence than, those described for 

calcium hypochlorite (refer section 2.1.3), as are the mitigation measures.  

2. Leaks. 

Again, the risks associated with leaks, and the mitigation measures, are 

similar to those described for calcium hypochlorite (refer Section 2.1.3). 

In addition, the Tupapa plant has a large tree, with its roots partially cut 

away to form a cut batter, that is overhanging the PACl tank (refer Figure 

2-5). There is a risk that high winds could cause this tree to fall, thereby 

breaking the pipework connected to it or even crushing the tank itself. 

According to Mr. Arnold the tree is an African tulip tree and is a pest species. 

If that is the case it should be chopped down and disposed of appropriately. 

 

Figure 2-5: Tree Overhanging PACl Tank at Tupapa 
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3. Overflows from Settling Tank 

This risk has been reported on separately – refer letter to Judge Keane dated 9 March. 

4. Discharge from Ponds 

There will be an aluminium residual in the supernatant discharged from the ponds to the streams. The EIA 

for TMV Stage 2 was prepared in the very early stages of design (2014) and, although a schematic of the 

treatment process mentions that “Flocculating agent may be injected (if required) to aid removal of finer 

particles”, the assessment ignores the potential impacts of using flocculant chemicals on the environment. 

The Mott MacDonald Detailed Design Report does not cover any environmental impacts. However, I was 

advised in the letter from Mr. Free of GHD dated 4 March that there is a separate EIA in preparation for PACl 

sludge disposal. 

Mr. Sloan and Mr. Cairney of GHD, in their affidavits sworn on 8 November 2019, have presented some 

useful background material on the effects of aluminium on the aquatic environment.  

The proposed target concentration after mixing in the PACl trials (0.055 mg/L) is taken from resource 

consent conditions for the Wairoa WTP in New Zealand. This in turn is taken from the ANZECC Guidelines11. 

This default guideline value is for fresh waters of pH > 6.5 and provides a 95% level of protection. There are 

a number of factors listed in the Guidelines that can affect the toxicity of the aluminium – I have indicated 

whether these factors are positive for the possible effects on the streams’ environment (✓), or unknown (?), 

or negative (): 

● Toxicity to fish and invertebrates is increased at low pH (e.g. <5.5) and high pH (e.g. >9): likely to be ✓ 

● Toxicity reduced by complexing with fluoride, citrate and humic substances. The effect of organic 

complexation requires experimental determination: humic substances present in NOM so likely ✓ 

● Toxicity is reduced in presence of silicon: ? 

● Toxicity reduced at high water hardness (high calcium concentrations): based on Watercare sampling 

hardness is reasonably high under dry weather conditions, so likely to be somewhat of a ✓ 

● Increased temperature may increase aluminium toxicity:  

● No data on salinity effects: Low salinity, so this is not material 

● No data on effects of suspended particulate matter: ? 

● Toxicity of aluminium may be affected by presence of other metals: ? 

Mr. Sloan’s affidavit states in paragraph 68, in reference to the discharge itself, that “…. the residual 

aluminium could be in the range of 0.05 to 5 mg/L (as Al)”. If the aluminium in the discharge was greater than 

the lower end of this range, and stream was in low or zero flow, then this is concerning. There are also the 

potential adverse effects in the mixing zone to be considered. I think concentrations as high as 5 mg/L are 

extreme and therefore unlikely to occur. 

Given the number of unknowns in the above, and I suspect the rather unique freshwater ecology of the 

streams of Rarotonga, I think the recent ecological report study (referred to in Mr. Free’s letter to me dated 4 

March) should be circulated to the parties. 

Other non-aluminium coagulants could be considered as this would eliminate the risks from aluminium to the 

freshwater ecology. As discussed above, the iron salts ferric chloride and ferric sulphate are commonly used 

internationally, but apart from the Prospect WTP in Sydney they are not widely used in New Zealand and 

 

11 ANZECC 2000. Australian and New Zealand Guidelines for Fresh & Marine Water Quality. 
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Australia. There are also pre-hydrolysed versions of iron salts (i.e. similar to PACl) – polyferric sulphate 

(PFS) and polyiron chloride.  

The key reasons for iron-based coagulants not been more widely used in New Zealand and Australia are 

higher cost, lack of familiarity, and that the iron salts are generally more difficult to handle. 

Some pilot trials work that a colleague and I undertook in 1998 in Nelson12 (New Zealand) looked at a range 

of alternatives to aluminium coagulants, as the client was interested in minimising the use of chemicals, 

especially those with actual or perceived health risks. In this work we trialled ferric chloride and polyferric 

sulphate, and a flocculant aid based on naturally based alginate. We found ferric chloride gave good results 

as long as the pH was optimised (which was more difficult than with PACl), and that PFS also gave good 

results but because it was not as widely available as ferric chloride and more expensive it was not pursued 

further. The naturally based alginate was an effective flocculant, but the results were not as good as the 

synthetic polymers in terms of filter loading rates and filter run times, so it was not pursued further. 

There is some interesting work being done in the USA on the benefits of using natural polymers. A recent 

paper reports the results of a Water Research Foundation research project13. The potential benefits of using 

natural polymers are listed as: 

● less metal content in treatment residuals, thereby potentially allowing more discharge and reuse options 

for the residuals 

● reduction in mass of residuals produced 

● improvement of thickening and dewatering characteristics of the residuals attributable to replacement of 

alum, which creates aluminium hydroxide floc that decreases the ability of residuals to dewater 

● biodegradability of natural polymers in residuals (in contrast to the nonbiodegradability of alum), thus 

improving the suitability of residuals for disposal, discharge, or reuse applications. 

The polymers used were derived from corn and tapioca starch. The testing compared dosing alum + 

polyDADMAC against three natural polymers. The testing showed that better settled water turbidites could 

be achieved with natural polymers at higher surface loading rates, and very similar settled water turbidites at 

low rates. The testing also showed the natural polymer produced fewer residuals, and that the sludge was 

easier to thicken and dewater. However, the paper makes it clear that the natural polymers (and most 

synthetic ones) do not provide much removal of NOM, and therefore if NOM removal is required some metal 

salt coagulant (e.g. PACl) will be needed.  

I hasten to point out that this research was only undertaken at a jar testing scale on one water source, and 

the paper makes it clear that more extensive and source-specific studies would need to be carried out.  Nor 

has the cost of use of such polymers been evaluated. 

Because NOM removal is required for the TMV water sources, a natural polymer could possibly be used as a 

coagulant aid, which may reduce the amount of metal salt required by a small margin. Any positive effects on 

sludge thickening and dewatering would need to be tested for. 

5. Flood Events 

Refer to my response to question (q) in Section 7 for scour pond flood risks. 

 

12 Watson AW & La Roche PA, 1999. “Water Treatment Pilot Trials for Nelson City”, NZWWA 41st Annual Conference & 

Expo, Christchurch, NZ. 

13 Cornwall DA & Brown RA, 2017. “Replacement of Alum and PolyDADMAC With Natural Polymers – Turbidity Removal 

and Residuals Reduction Impacts”, J. AWWA, June 2017, 109:6. 
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6. Sludge 

Mr. Sloan of GHD, in his affidavit sworn on 8 November 2019, has presented some useful background 

material on the effects of aluminium on the animals and agriculture. My views on the subject of sludge 

disposal are covered in detail in sections 0 and 8, but it is worth considering the risks associated with 

removing the sludge from the ponds and trucking it to the place of disposal. As will be discussed in section 0 

I have concerns about the extent of dewatering/drying that will be able to be achieved, as the constraints 

imposed by the valley sides at each headworks means the ponds really have only been sized to contain the 

day-to-day volumes of water backwashed and scoured, not for the consolidation and drying of the sludge to 

facilitate its removal and disposal.  

Sludge with a low solids content (i.e. a high-water content) will be difficult to remove, it will require more 

frequent removal, and it will not be practical to remove it with an excavator or to contain it on a truck tray. In 

order to minimise risks to the stream environment it will likely need to be pumped out and either dewatered in 

a portable rig or tankered away. 

As discussed above I note that, consistent with one of the project objectives of “…. design of appropriate, 

robust easy to maintain infrastructure improvements” that the use of a flocculant has not been considered. A 

flocculant would add another chemical and therefore add complexity. However, it could bring benefits in 

terms of reducing cost and the quantities of sludge that need to be managed.  

In terms of human health risks, Mr. Sloan of GHD has already presented in his affidavit sworn on 8 

November 2019 a summary from the NZ Ministry of Health on the lack of evidence of health risks associated 

with aluminium in drinking water. I endorse this advice and have nothing to add on this matter. 

2.2.4 Acceptability 

(f) Express an opinion about the acceptability of the chemical compound in issue. 

For the source waters and treatment process that comprise the as-constructed TMV project, there is no 

question in my mind that a coagulant is required in order to meet the treated water goals for the project. The 

coagulant that has been selected, PACl, is acceptable from both human health and treatment performance 

viewpoints, but I do share some of the landowners concerns about possible environmental impacts. 

As outlined above, there are other coagulant options that could be considered, but these would take some 

time to work through. In the meantime, the public health benefits of improved drinking water quality would not 

be realised. In my opinion, subject to acceptable results from the PACl trials about to get underway, I think 

that PACl should be implemented as soon as possible so that the people of Rarotonga can enjoy those 

benefits. If there are remaining concerns, then other coagulant options should be investigated to see if a 

better choice of coagulant is possible. 
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3 Sterilisation 

(a) What are the alternatives to shock dosing (sterilisation) with chlorine?  

I absolutely concur with the four affidavits I have read from Mr. Cairney and Mr. Sloan of GHD that the 

cleaning and disinfecting of newly constructed water supply facilities is an accepted part of water industry 

practice.  

I do not recall having seen or read anything where alternative disinfectants to chlorine have been used for 

this purpose. 

However, I do think there are alternative approaches to that proposed by GHD that will reduce the quantity of 

chlorinated water for disposal and the way that disposal is undertaken. Firstly, the settling tanks and the 

storage tanks - the basis of my alternative approach is not particularly novel. For example, White14 lists it as 

the second of three methods for disinfecting water storage facilities.  

“Spray application of water-contact surfaces is used for large basins or when disposal 

of highly chlorinated water is difficult. A 200 mg/L chlorine solution is sprayed onto all 

surfaces that will be in contact with potable water. The surfaces must remain in 

contact with the disinfectant spray for 30 min, after which the basin is filled to overflow 

with potable water.”  

I can appreciate that spraying the top of the walls in the 8m high storage tanks will not be straight forward, 

but I am confident something could be improvised similar to the long (three storey) window-washing poles 

that are used. After spraying/coating the walls, the floor would need to be flooded to say 50mm deep with 

25 mg/L chlorine solution. Once the testing of the tank has been completed it would be filled with treated 

water, monitored for E. coli, and then sent to supply. 

In my opinion, the method proposed by GHD whereby the chlorinated water is held in the storage tank 

awaiting the naturally decay of the residual, and trucking water in from plants that do not have storage tanks, 

is very cumbersome and could take weeks for the decay to occur. If a dechlorination chemical cannot be 

used, then a more practical method of neutralising the disinfection water would be to transfer it to the ponds, 

where sunlight will significantly aid in the chlorine decay process. 

Note that I have not reviewed in detail the “One-Off Disinfection” methodology in the memorandum from Mr. 

Cairney to Mr. Miles dated 20 December. However, I would like to point out that no chlorine concentration is 

documented for the start of disinfection, and no minimum chlorine residual is proposed after 24 hours, both 

of which are necessary to demonstrate disinfection is adequate. 

 

 

 

 

  

 

14 Black & Veatch Corporation, 2010. White’s handbook of chlorination and alternative disinfectants, 5th edition 
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4 Diversion of Turbid Water 

(b) What are the alternatives to flocculation at all (or any) of the 10 sites?  In particular, is it 

technically feasible to detect and divert turbid water so that immediately a catchment rainfall 

produces a pre-determined surge of turbid water at the intake, that flow is diverted around that 

intake until the surge has passed?  

There are treatment alternatives to coagulation/flocculation for reducing turbidity, and these are cartridge 

filtration and membrane filtration. However, these technologies were not selected for TMV and therefore it is 

pointless considering them further. 

It is technically feasible to detect and divert turbid water away from the plant intake. Similar systems which 

have been implemented at water treatment plants in New Zealand, some of which were designed by Beca. 

Raw water diversion systems typically require installing a turbidimeter, and an electrically actuated valve or 

penstock at the plant inlet, which would close if turbidity reached a certain set-point. Ideally, this would be a 

diaphragm or pinch valve to reduce risk of debris obstructing the valve seat and disc. The actual design of 

the intake/raw water pipeline/settling tank inlet at the 10 plants means that there is already the basis of a 

diversion system in place, which would mean the turbidimeter and diversion valve could all be located at the 

settling tank inlet.  

However, most water treatment plants in New Zealand have a stable power connection so the 

instrumentation and actuated valves are able to freely operate. As none of the ten sites on Rarotonga have a 

power connection, this will present some limitations for equipment selection and utilisation. On-site electricity 

generation and storage will need to be implemented in order for a diversion system to operate (see response 

to question (d) for further details). 

(c) Will such diversion reduce or even eliminate the need for flocculation at some or all of the 10 

sites?  

A diversion would certainly reduce the amount of coagulant required at all of the 10 sites and volume of 

sludge produced. Coagulation could only be eliminated if the water didn’t need to be coagulated during low-

turbidity periods, and if during high-turbidity events if the impact of not taking water during the high-turbidity 

flood events that did not compromise the ability to meet demand.  

A high-level review of hourly rainfall data collected from Avatiu (made available by NIWA to Beca on another 

project) shows that high rainfall events can last for up to four days (see hourly rainfall for the period between 

1 - 4 November 2017 in Table 4-1 in which a total of 277mm of rain fell). The effects of rainfall on the 

stream’s quality will also linger for a day or days after rainfall has stopped. The TMV project has added about 

17,000 m3 of new storage capacity, which is only two or three days of supply, so reliance on a diversion 

system for managing raw water turbidity peaks is unrealistic. 
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Table 4-1 Hourly rainfall data (mm) at Avatiu for prolonged rainfall period (1 – 4 Nov 2017) 

Day 
Hour Total 

(mm) 1 2 3 4 5 6 7 8 9 10 11 12 

1 Nov 
2017 

am 0 0 2 2 3 5 6 9 9 5 3 2 
57 

pm 1 1 1 2 2 1 2 0 0 0 0 0 

2 Nov 
2017 

am 0 1 1 2 4 6 2 4 2 0 0 0 
22 

pm 0 0 0 0 0 0 0 0 0 0 0 0 

3 Nov 
2017 

am 1 3 3 4 2 6 2 1 2 4 1 3 
74 

pm 2 0 1 4 6 5 5 6 4 2 2 6 

4 Nov 
2017 

am 3 6 3 0 1 3 1 1 1 0 1 2 
100 

pm 10 6 4 3 4 9 8 10 6 7 4 5 

5 Nov 
2017 

am 5 6 3 4 4 0 1 0 0 0 0 0 

24 

pm 0 0 0 0 0 0 0 0 0 0 0 0 

 

This subject of diversion has been covered in the affidavit from Mr. Sloan of GHD dated 17 December 2019. 

In section IV. of his affidavit he states that bypassing the intake is impractical for three reasons – coagulation 

would still be required, the need for collection of water during high flow events to meet demand, and the 

need for a power supply. I concur with his view about the need for coagulation even during low turbidity 

periods in the stream with the as-constructed treatment process (specially to meet the CIDWS). I can 

certainly see his arguments or needing to take water during flood events, but I can also see times when this 

won’t be necessary (e.g. during the wetter months of the year when demand is down and it is more likely that 

the storage reservoirs will be full). 

It is also worth noting that rainfall varies significantly across the island. The mountain formation at the centre 

of the island has the effect of bringing in higher rainfall (mean annual rainfall of 4,000mm), with comparably 

less rainfall on the southern exposure (mean annual rainfall of 2,500mm), reducing to 1950mm on the 

leeward side (west and north-west)15. This means that when some plants are experiencing high turbidity raw 

water, it doesn’t necessarily mean that all the plants are.  

Mr. Sloan’s arguments against installing the necessary equipment to allow for a bypass and a power supply 

are less convincing. As stated in my answer to question (b), there is already the basis of a diversion system. 

In order to meet the CIDWS a treated water turbidimeter is going to have to be installed anyway. The way in 

which power could be supplied is detailed in my answer to question (d) below. 

(d) Assuming the technical feasibility of real-time diversion action what form could that take (for 

instance retrofitting a sensor capable of signalling a TTV central control of a surge, and that central 

control in turn activating a diversion apparatus at the intake); in broad terms with what practicality, 

and at what cost, might diversion be viable at some or all of the 10 intakes?  

Implementing real-time diversion would require installation of a turbidimeter at or nearby the settling tank 

inlet. Ideally this turbidimeter would have a self-cleaning wiper function to ensure accurate turbidity readings. 

An electrically actuated valve will need to be installed at the settling tank outlet. As this is located after the 

 

15 GHD, 2014. Draft Environmental Impact Assessment Report, Contract No. TMV-CFS.001/2014 Te Mato Vai, Detailed 

Design for Stage 2, November 2014. 
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settling tank, we expect sufficient solids removal from the raw water has been achieved, a butterfly valve will 

be suitable. 

The turbidimeter would monitor the turbidity of the raw water and would signal to the actuated 

butterfly/diaphragm valve or penstock to close if the turbidity exceeds a set turbidity limit (e.g. 10 or 20 NTU). 

Turbid water will flow out of the overflow weir of the settling tank inlet, into the stream. This would also force 

the water level in the settling tank to back up and thereby force the water from the intake to overflow and the 

ballcock on the PACl dosing to close. 

Alternatively, an actuated pinch or diaphragm valve can be installed at the inlet to the settling tank, with the 

turbidimeter installed upstream. However, this would also require some means of shutting off the coagulant 

dosing.  

 

 

Figure 4-1 Example of Diversion (at Avana) 

An electricity source will be required to provide power to the turbidimeter, valve actuator and controller. As a 

new grid connection will be expensive, electricity generation and storage on site is the most feasible solution. 

This may take the form of solar panels on site which charge a battery, supplemented by a diesel generator 

during periods of low solar radiation. Beca was involved with the concept design of the Whirinaki water 

supply, a small community-run water supply which is isolated from the national grid. The diversion system 

operating there is powered by a battery, which is charged by a solar panel. 

An example of a selection of suitable equipment for the diversion systems at each of the ten sites, and a 

breakdown of costs in NZD is presented in Table 4-2. Note that for settling tanks with a buried outlet pipe, a 

valve chamber will need to be installed, which can present a risk of flooding. 
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Table 4-2 Diversion System Equipment Selection & Costs 

Item Cost Comments 

Equipment Supply 

Hach Solitax t-line sc Turbidity 

immersion probe, with wiper 

$7,000 x 10 sites = $70,000 Turbidity sensor. Supply cost from 

website. 

SC200 Universal Controller: 24 V 

DC with two digital sensor inputs 

and two 4-20 mA outputs 

$3,000 x 10 sites = $30,000 Controller. Supply cost from website. 

Wouter Wizel EVFS Valve – Bare 

shaft 

$2,000 x 10 sites = $20,000 Butterfly Valve. Supply cost from AVK 

sales rep. 

Rotork IQT500 WT F10 24V DC 

power supply 

$10,000 x 10 sites = $100,000 Electric actuator. Low-power standby 

feature. Suitable for environmental 

conditions. Supply cost from Rotork sales 

rep. Controlled from alarm contacts on 

turbidity controller. 

Helios REC315W TP2M Solar 

Module 

$3,000 x 10 sites = $30,000 Complete solar system (panel, charger, 

battery, enclosure, circuit breakers and 

cable). Price obtained from Helios.  Helios MPPT 75/15 Charger 

Shoto GC-200 Batteries (12V 

200A/h PbC) 

Valve installation  $4,000 x 10 sites = $40,000 PE stub flanges, SS backing rings, ductile 

iron spool pieces, dismantling joint, pipe 

supports. 

Valve chamber $7,000 x 5 sites = $35,000 For sites with buried pipes. 

Miscellaneous materials $3,000 x 10 sites = $30,000  

Preliminary & General $90,000 25% of equipment supply cost 

Labour 

Local foreman $120/h x 160 hours = $19,000 16 hours per site 

Local tradesman $75/h x 160 hours = $12,000 16 hours per site 

Expatriate E&IC technician $1,000/ day x 10 days = $10,000 1 day per site 

Expatriate E&IC technician 

mobilisation cost 

$5,000 Travel between Rarotonga and New 

Zealand 

Total (rounded) $500,000  

The above is a Beca Class 1 construction cost estimate for installing a diversion system at all ten sites and 

has a likely order of accuracy of ± 50%. It assumes that all ten sites are done together as part of a single 

contract. 

No allowances have been made for: 

● Risk contingency. 

● Import duties and VAT. 

● Design and management fees.  

● Client owned costs. 

● Consenting. 

● Legal costs. 

● Delays and cost due to force majeure, coronavirus etc. 
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(e) What are the options, at one or more of the 10 sites, to retrofit the PACL dosage from manual 

to a fully automated regimen?  

According to GHD16, PACl dosing is manually dosed, which means manual mixing of PACl powder with 

water to produce a 30% w/w solution, which is then transferred to a large dosing tank which feeds alum to a 

constant head tank that delivers alum solution at a constant rate. Make-up of PACl solution from powder is a 

labour-intensive process and automating this would be an especially complex and expensive solution.  

Therefore, it is assumed that a fully automated PACl dosing regimen only means a system with automatic 

adjustment of PACl dose rate based on water quality parameters and flow. This will require installation of a 

scanning spectrophotometer, which is a sophisticated instrument that measures how much light of different 

wavelengths in the UV spectrum is absorbed by the water. It will also require the installation of a 

turbidimeter, flow meter, logic controller and actuator for the metering valve (or dosing pump). Beca has 

developed a PACl dosing algorithm using this configuration which is in operation at several sites. Other 

algorithms supported by greater investments in R&D are available on the market, but they carry a greater 

cost. 

Automated PACl dosing systems are expensive, with a suitable instrument itself costing upwards of $35,000 

NZD to supply. A reliable power supply will also need to be installed at each site, adding to the total cost of a 

fully automated PACl regime. 

The effectiveness of these systems is dependent on the accuracy of the data collected by the instruments, 

which require care and technical expertise to operate and maintain. Due to the remoteness of the plants, the 

fact that there are only basic facilities at the plants, the challenges of employing and retaining qualified 

technicians for these instruments, I see a risk that these instruments will not be able to be operated and 

maintained to an acceptable standard for achieving accurate PACl dosing. For these reasons, I am reluctant 

to recommend fully automated PACl dosing systems for the ten Te Mato Vai sites. 

A simpler system of PACl dosing control using only turbidity is another option which is worth considering. 

Such a system would involve just using raw water turbidity as the input to the PACl dosing algorithm. Over 

time, as PACl dose rate and turbidity data accumulates, and operational experience is gained, the algorithm 

could be adjusted to improve the coagulant dosing. This system should not be thought of as “optimised 

coagulation”, but it would be an improvement over the currently proposed one-dose-fits-all regime, as it has 

a much simpler level of automation. I see this as providing significant improvements in costs and practicality, 

compared to a scanning spectrophotometer-based system. 

(f) Could an automated PACL dosing regimen be retrofitted without the need to have that dosing 

station connected by remote telemetry to a TTV control centre or would remote telemetry be 

necessary? And, in broad terms, what might the cost be either way?  

If an automated PACl dosing regimen were to be retrofitted, it would be good practice to have information on 

equipment status telemetered to a central TTV control location. Remote monitoring, and possibly control, of 

the high-turbidity diversion would also be desirable.  As the effectiveness of an automated dosing regime is 

reliant on all the equipment operating and interacting properly, a telemetry system would notify the 

operations staff if an equipment malfunction were to occur, allowing corrective action to be taken before any 

significant consequences. Telemetry of PACl storage levels would also be beneficial for organising labour to 

prepare PACl solutions, and chemical purchase and delivery, as the PACl consumption rate will become 

dependent on water quality trends. 

 

16 16 Items 26 - 41, Attachment “A”, Affidavit of David Sloan, 8 November 2019 (GHD, 6 November 2019) 
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TTV is considering the installation of a SCADA system which will interface with field based remote terminal 

units via the local mobile GPRS network or dedicated radio network17. This SCADA system could also be 

utilised for remote telemetry and control of the PACl dosing regimen. The approximate additional cost for 

installing a basic remote terminal unit is $7,500 per site, assuming a common configuration across all ten 

sites and that there would be no extra costs associated with adding capacity for these RTUs to the central 

SCADA system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17 “Status of Te Mato Vai SCADA system”, TMV memorandum from Matt Boyd to Angelia Williams, 11 March 2020 
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5 Real Time Monitoring and Control of PACl Dosing 

(g) Is it possible that an un-manned manual dosing of PACL, in an environment of 10 scattered 

sites, with its own micro-environment, each with its unique stream flows and each with a unique 

degree of foreign material to be removed, provide the same degree of 24/7 certainty of 'correct' 

dosing as would an automated (or 24-hour manned manual) dosing provide?  By 'correct', it is 

meant that it meets industry and public health standards.  

Rather than a ‘one-dose fits all’ regime, the un-manned manual dosing rate of PACl should be set on a site-

by-site basis, using information collected from water quality testing, jar testing and operational experience. 

However, it is highly unlikely that this will provide the same degree of 24/7 certainty of ‘correct’ dosing 

compared with an automated system. By necessity an un-manned system will need to be set up to provide 

an average coagulant dose to try and meet as wide a range of water quality conditions as it can. Therefore, 

there may be periods where PACl is underdosed during poor quality raw water and conversely, overdosing 

during periods with good water quality. The extent of the ‘uncertainty of correct dosing’ is dependent on the 

variability of the raw water quality, and the frequency at which these water quality fluctuations occur. 

The basic nature of the facilities at the plants would make 24-hour manned manual dosing difficult, if not 

impossible. Also, it would not be an efficient use of staff as there would be long periods where nothing 

needed changing, leading to inattention and the associated risks of human error when there was a change in 

water quality. 

A partially-manned approach that uses the manual dosing system (i.e. as it is currently installed), paired with 

the addition of a raw water diversion system, is worth considering. The concept of such a system would be 

that raw water would be diverted during periods of high turbidity, meaning that production of treated water 

will cease. If the water supply demand is such that production from a particular plant is still needed during a 

high turbidity event, the diversion system can be overridden and the PACl dose rate can be adjusted 

manually, and the plant re-started. For such a plant after the high-turbidity event has passed, the diversion 

system and the PACl dose rate will need to be restored to their original settings. Preferably this diversion 

system would have communications from the treatment plant sites to TTV, to enable remote monitoring of 

the turbidity, status of the diversion, and storage tank level. 

In my opinion, while the partially-manned approach paired with a diversion system is a good step forward, I 

think the plants will struggle to consistently meet the CIDWS. At this stage of the TMV project, with the PACl 

trials about to get underway, I consider that the best way to proceed is to see how the plants perform once 

they are fully operational. Once some operational data and experience has been gathered, then I 

recommend that the need for automated PACl dosing control is then re-assessed. A possible approach at 

that point could be to install automated PACl dosing control, prioritised at least initially at say the three 

largest plants that give the best coverage of the island, and leave the remaining plants as they are (but with 

perhaps a lower turbidity trigger value for their diversion). 

(h) Is it good engineering practice for the un-manned manual PACL dosing station to be set to a 

'one-dose-fits all'?  

Un-manned PACl dosing set to a “one-dose-fits all” may not achieve the desired (design) treated water 

quality for TMV all of the time, so I do not consider it to be good engineering practice. But I do recognise the 

remoteness of the treatment plant sites and the many other design constraints, which have meant that 

compromises had to be made.  

However, it does not need to be a fixed PACl dose rate. Because the plants will be visited each day, there 

are adjustments that can be made on a day-to-day basis in response to jar testing and operational 

experience. In addition, the idea of a partially manned system that I described in my response to question 
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(g), would mean that if water needed to be treated under high turbidity conditions the PACl dose rate would 

be re-set to a more appropriate dose rate. 

(i) Is it possible in a 'one-dose-fits all' regime for (overdosed) PACL to simply flow, un-coagulated, 

across the top of the settling tank, through the AVG filters, and into the ring mains?  In other words, 

if PACL molecules are introduced into the water at the settling tank intake, and those molecules 

continue through the settling tank, to and through the AVG filters without ever collecting any foreign 

material, can it be expected that those PACL molecules will inevitably be introduced into the 

island's water system and emerge at the kitchen taps of consumers?   

Overdosing of PACl will not stop the coagulation process from occurring. It will simply be sub-optimal, 

resulting in less-than-optimal removal of turbidity (which includes pathogens) and colour, and likely higher 

levels of aluminium.  
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6 Scour Pond Concerns 

(j) Are the individual settling tank scour ponds, 'as engineered' (or if not built as engineered at any 

one site, then 'as built') capable of retaining all of the PACL, in all possible circumstances, such as 

flooding or mismanagement until such time as the PACL sludge is harvested for disposal?  

Settling tank scour ponds were sized to receive 50% of the volume of the sedimentation tank, since the initial 

50% of top water will be drained off the mid-level drain in the sedimentation tank, and the remainder will 

enter the scour pond18. 

Using the Water NZ guideline for water treatment plant residuals19, a sludge production calculation can be 

carried out using the available water quality and meteorological data. 

The following calculations are based on using the Avatiu plant as an example. 

Under typical conditions, average turbidity and true colour was taken as 2.6 NTU and 2.5 HU (assumed as 

all readings were <5 HU) respectively, based on the dry weather samples from the Watercare report20. During 

rainfall, the average turbidity was 100 NTU and true colour was 11 HU, based on the wet weather samples of 

the Watercare report. Assuming that wet weather (poor water quality) occurs 10% of the time, the calculation 

of solids production is based on an average raw water turbidity of 12.3 NTU and true colour of 3.4 HU. The 

suspended solid conversion factors for turbidity and colour used were 2 and 0.3 respectively. A coagulant 

dose of 15 mg/L (solid weight equivalent) was assumed, with a solid’s conversion factor of 0.63 for PACl.  

My rough estimate of the average daily solids production at 60% plant utilisation is 42 kg/day, based on a 

suspended solids production rate of 35 grams per m3 of treated water. Even though the plant has been 

designed with a capacity of 2,000 m3/day, the work done on demand by GHD forecasted an upper bound 

demand of 15,000 m3/day (including for agricultural demand), whereas the total installed capacity of all ten 

plants is 21,000 m3/day. This means that typical utilisation would be 71% even if the upper bound demand 

forecast was supplied every day. This suggests that the assumed 60% utilisation may actually be too high, 

meaning my rough estimate of solids production could be too high as well. 

The Avatiu plant has a 120m3 duty scour pond and duty/standby filter backwash ponds with a volume of 

41.6m3 each. Assuming 85% of solids in the raw water are removed in the settling tank, the annual solids 

production from the settling tank is 13 tonnes. According to GHD, de-sludging of the ponds is expected to 

“occur no more than annually”21. 

GHD’s estimated frequency for scouring the settling tank was every “3 to 6 months”22. Assuming that this is 

carried out every three months, the mass of solids that would have accumulated in the settling tank before 

each scour is expected to be 3,260 kg, which in the bottom half of the settling tank (120m3) is equivalent to a 

concentration of 2.7% DS. According to GHD, “sludge from a settling tank that is filling the pond can often be 

 

18 Section 4.11.3, Te Mato Vai Water Treatment Plants Detailed Design Report, Mott MacDonald, 14 June 2019 

19 Management of Water Treatment Plant Residuals in New Zealand: Handbook. NZWWA (now Water NZ), September 

1998 

20 Table 8, Te Mato Vai Project Raw Water Quality Review Rarotonga, Watercare Services Ltd, 23 November 2014 

21 Item 62a, Attachment “A”, Affidavit of David Sloan, 8 November 2019, GHD, 6 November 2019 

22 Items 45 & 46, Attachment “A”, Affidavit of David Sloan, 8 November 2019, GHD, 6 November 2019 
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only about 0.5 to 1% DS”23, and these are figures that I concur with. Because 2.7% DS cannot be achieved, it 

means that if TTV waits for three months to scour the settling tank, that additional solids will be carried over 

onto the filters causing them to backwash much more frequently.  

If a sludge thickness of 1% within the bottom half of the settling tank is optimistically assumed, it means the 

settling tank will need to be scoured, on average, every 33 days in order to not compromise the quality of the 

water leaving the settling tank (and thereby the performance of the filters).  

GHD has assumed a sludge of <10% dry solids (DS) “in a pond that is kept full of water”24, which would mean 

that the minimum annual volume of sludge needing to be stored in the Avatiu pond would be 130m3, which is 

slightly more than the total scour pond capacity at Avatiu (i.e. there would be no room for the scour from the 

settling tank). I consider that a dry solids content of 4% is achievable relatively quickly, and could slowly 

increase to say 6% or higher, but given the frequency of desludging that is required, 4% is more realistic, 

This would mean an annual sludge volume of more like 330m3 (assuming 4% DS).  

This means that consecutive scours from the settling tank, without more frequent de-sludging of the pond will 

cause the pond to overflow, as the working volume of the scour pond would have decreased to below 120m3 

due to the sludge accumulated from the previous scours. 

GHD state that when the sludge is allowed to dry out, it usually reaches about 18-25% DS. However, the 

volume of the pond is obviously too small to allow consolidation and drying to 18-25%, plus this degree of 

dryness requires extended periods of hot and dry weather. Even though there is a recognised dry season 

between June and October on Rarotonga, the driest month of July still has an average rainfall of 134 mm (at 

Muri). Normal practice for ponds intended to be dried by natural drying is to have two ponds, allowing one to 

be removed from service and dried over an extended period. 

For combined backwash/scour ponds, the volume of these ponds becomes a greater issue, as they are also 

receiving backwash water every, one to seven days. 

In summary, my estimates for Avatiu indicate that the settling tanks will require much more frequent scouring 

than has been assumed, and that the scour ponds will require much more frequent desludging. The scour 

ponds are not suitably sized for handling volumes from consecutive scours, as the second and subsequent 

scours will cause the pond to overflow if the settled sludge is not removed before then. Note that I have 

checked a 40% plant utilisation, and it doesn’t alter these conclusions.  

In addition, for some of the ponds there may need to be an additional volume allowance to account for runoff 

from the pond’s own catchment in heavy rainfall events.  

Once the PACl trials have determined what the dose rates will be, and the extent to which the plants will 

have to treat high turbidity water is better understood, I recommend that a more detailed study of the solids 

loadings and the consequential operational requirements be undertaken. 

(k) Are the individual AVG back wash scour ponds, 'as engineered' (or if not built as engineered at 

any one site, then 'as built') capable of retaining all of the PACL, in all possible circumstances, 

such as flooding or mismanagement, until such time as the PACL sludge is harvested for disposal?  

Continuing the calculations from the response to question (j), my rough estimate of the mass of solids 

removed at the Avatiu AVG filters is 2,300 kg per year. This is assuming the remainder of solids in the raw 

water are removed by the filter. The Avatiu duty/standby backwash ponds have a volume of 41.6m3 each, 

based on two x backwash volumes + 30%27. The total storage capacity at Avatiu is therefore 83.2m3. With an 

assumption that the sludge settles to 4% DS after several days, my estimate of the total annual sludge 

 

23 Item 81, Attachment “A”, Affidavit of David Sloan, 8 November 2019, GHD, 6 November 2019 

24 Item 81, Attachment “A”, Affidavit of David Sloan, 8 November 2019 (GHD, 6 November 2019)  
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volume produced from the AVG filter backwash is about 60m3. GHD has recommended that sludge removal 

at the ponds is expected to occur “no more than annually”. This would mean that at the end of 12 months 

about 70% of the ponds’ capacity would be taken up by sludge. This is likely to cause solids in the sludge to 

be re-mobilised each time a backwash enters the pond, causing additional solids to be carried over into the 

discharge to the stream. In my opinion this will mean that the backwash ponds need to de-sludged more 

frequently – perhaps every, four to six months.  

Similarly, to the settling tank scour ponds, I don’t consider that higher concentrations than this will be 

achievable in the backwash ponds. 

Because the sizing of the combined backwash/settling tank scour ponds have been governed by the settling 

tank scour volumes, refer to my response to question (i). However, more frequent scouring of the settling 

tank will compound the problem of accommodating the backwash sludge volumes. This affects 7 of the 10 

plants so is a significant issue and needs to be included in the detailed study of the solid’s loadings and the 

consequential operational requirements that I have recommended above. 

(l) Are the individual AVG back wash scour ponds, 'as engineered' (or if not  built as engineered at 

any one site, then 'as built') capable of handling the cycles of automatic un-manned back wash, 

without ever causing the scour ponds to flow into the adjacent stream before all PACL has settled 

to the bottom?  

Automatic backwashing occurs at the AVG filters when the pressure drop across the filter bed reaches a 

certain threshold after a period of operation. This was expected to occur every, one – seven days25. The 

backwash rate is “variable at 15 to 7 mm per second over the approximately 15 minutes of the backwash 

cycle”26.  

As each of the duty/standby ponds at Avatiu has a volume of 41.6m3, sized for two backwash volumes + 

30% from a filter27, by back calculation the AVG filter backwash volume is 16m3. The maximum sludge 

volume prior to the assumed annual pond de-sludging is about 60m3, as discussed in my response to 

question (k). Although the ponds would have sufficient capacity to receive a backwash, I think it likely that 

the restricted volume of the pond will mean a deterioration of the quality of the discharge to the stream. 

As per my answer to question (k), the backwash scour ponds (and the combined backwash/settling tank 

scour ponds) will likely require more frequent de-sludging than annually to handle the automatic backwash 

cycles. 

(m) Are the unlined scour ponds, as individually built, in differing soils, at different distances from 

the associated stream of each of the 10 sites, going to progressively contaminate the subsoil?  

“The geological setting of the proposed Te Mato Vai project is within the inland hills comprising basaltic lava 

flows, agglomerates and tuffs with younger basalt dike intrusions. The soils which blanket the basement 

geology are mainly a mixture of both fine grained (clays and silts) and coarse grained (sands, gravels and 

cobbles) alluvium, and colluvium with large boulders.”28 

 

25 Item 53, Attachment “A”, Affidavit of David Sloan, 8 November 2019 (GHD, 6 November 2019) 

26 Section 7.4.4, Report for Contract No. TMV-CFS.001/2014 Te Mato Vai – Detailed Design for Stage 2 (GHD, January 

2016) 

27 Section 4.11, Te Mato Vai Water Treatment Plants Detailed Design Report (Mott MacDonald, 14 June 2019) 

28 Coffey Services (NZ) Limited, 2017. Te Mato Vai Project, Rarotonga, Cook Islands: Geotechnical Investigation Report. 

Project No. 773-AKLGE203966, 11 December 2017 
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The sludges produced at each of the ten sites will contain high concentrations of aluminium hydroxide, a 

strong phosphate binder. As aluminium has low solubility in water at neutral pH, but soluble in acidic or basic 

conditions, aluminium mobility into water and soils is limited under neutral pH conditions. This means that the 

aluminium in the water that infiltrates into the subsoil should not be elevated. For further discussion on the 

influence of sludge on land, refer to my response to question (t). 

Subsoil contamination is a valid concern but is not expected to be an issue due to the low contaminant 

concentrations in the sludge besides aluminium, which is expected to have low mobility through the soil.   

(n) Should some or all of the scour ponds be lined and if so, in each case, lined with what material?  

Lining of the scour ponds with a geomembrane of some description will reduce the risk of soil contamination 

from the PACl sludge, but it does present real difficulties for pond de-sludging, as excavation of the sludge 

will inevitably damage the lining. To overcome this, sludge is typically pumped out of a lined pond, meaning it 

needs to be at a low solids content (≤ 4% DS), which would not be an issue for the TMV ponds. The 

removed sludge would typically have to undergo further dewatering before disposal. 

One of the benefits of unlined ponds is that they promote dewatering and drying of the accumulated sludge, 

as water will seep out through the underlying soils. Sludge removal frequency is therefore expected to be 

slightly lower than in a lined pond. However, as discussed in my response to question (j), it is not likely that 

sludge will be able to dry to a solids content suitable for excavation. Sludge will need to be pumped out of 

the pond, and further dewatered (by, for example, centrifuging) regardless of whether the ponds are lined or 

not. 

The geotechnical investigations28 undertaken do not appear to have considered the need for scour ponds, 

and so did not provide geotechnical guidance for their design. All sites have fine grained alluvium/colluvium 

present, but nine of the ten sites also have coarse grained alluvium/colluvium present. I have not been 

through the geotechnical report appendices to match up the final locations of the ponds against the 

geotechnical logs, but there is a possibility that one or more of the ponds are constructed in coarse-grained 

material. There is a risk that such pond(s) may not be able to hold water, which could indicate a short-circuit 

to the stream. In my opinion, ponds that cannot hold water should be lined. 

Otherwise, as discussed in my response to (m), soil or groundwater contamination from PACl sludge is not 

expected to be a significant risk. As long as the as-constructed ponds can hold water to a reasonable extent, 

in my opinion unlined ponds are appropriate. 

(o) Are there scour ponds that have already been subject to flooding/inundation/structural damage, 

or are likely to be so subject and if so, should such to scour ponds be relocated?  

Refer to my response to question (q). 

(p) If any scour ponds (settling or AVG or both), after investigation, proved problematic, what steps 

can be taken in respect of re-engineering and rebuilding to cure such problems and assure that 

each scour pond performs to design and industry standard?  

Although I consider that the ponds are undersized for how they are intended to function, the constraints 

imposed by the topography of the valleys means there are no practical options to make them larger. 

The only option that I can see is to recognise that the ponds will not produce solids that are dry enough to 

transport and dispose of as a solid. Although it probably warrants further investigation, it is likely that one of 

the following three options will be required: 

1. Portable skid-mounted plant comprising a generator, centrifuge and sludge conditioning system. 

2. Sucker truck and a centralised centrifuge and sludge conditioning system. 

3. sucker truck and centralised drying ponds (perhaps at two locations to reduce trucking distances). 
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Each time the solids build-up in the pond needs to be removed, the portable plant can be brought onto the 

site and the solids pumped out of the pond, and dewatered for removal and disposal; or the sucker truck 

used to remove the sludge and truck it to the centralised facility. 
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7 Site Remediation and Conclusion of Works 

(q) Is the on-site final grading/drainage (whether now complete at each intake or 'as engineered') 

adequate to protect the infrastructure and in particular to protect the scour (settling and AVG) 

ponds from inundation, damage, ingress of any water other than that water intended and direct 

falling rainwater?  

Based on my observations during the walkover of each plant during 18 and 19 February I have the following 

comments: 

7.1 General Comments 

All of the water treatment plant sites are far from ideal. They are all narrow and constrained by the steep 

valley sides and the stream. Some sites are themselves particularly steep, and some have poor and/or long 

access roads. Mature trees create hazards where they sit atop cut slopes, overhang the tanks and other 

structures, or are vulnerable to falling into the stream and creating debris-trap dams and local erosion.  

The lack of engineered surfaces on the flat working areas around the plants (e.g. chip seal) and on the batter 

slopes (e.g. grass), means that weeds are rapidly colonising the bare ground and growing rampantly. 

In such an active environment a high level of maintenance will be required to keep the plants operating day 

to day and protect the assets for the long term. I was heartened to read the preliminary scoping for TTV 

operations undertaken by Watercare, which shows 280 hours/week of direct operational input for the 10 

plants. However, the 14 hours/week shown for routine maintenance looks light. 

As I said at the meeting with the parties on 20 February, in my walkover of the 10 plants I was generally 

impressed by the level of care that had been taken to protect trees and other natural features. The 300 m 

long pipeline from the intake to the plant at Totokuitu was particularly impressive as its trench was being 

excavated by hand through steep terrain, and the materials for concrete was being carried in. The only 

exception I noted was Papua, where a large pool at the base of the waterfall had been infilled and concreted 

over in order to construct the intake and intake pipeline – in my opinion this pool needs to be fully reinstated 

to its original condition. 

In terms of protecting the plants from the streams, good use has been made of riprap. 

The twin backwash and backwash/scour ponds have a dividing wall between them, which has a riprap layer 

placed on the top flat edge of this wall. In the event that backwash or scour water overflows this wall, which 

the riprap as designed will not protect the batter face of the pond that the water is flowing into. Because I can 

only see this happening intermittently it is probably best just monitored and repaired with riprap (and 

geotextile) if damage occurs. 
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7.2 Plant-specific Comments 

7.2.1 Avana 

At the time of my visit the scour/backwash pond on 

the uphill side had light-brown-coloured water in it 

up to about 0.5m below the level of the dividing wall 

– refer Figure 7-1. This could have come from the 

catchment that has been created by the works, but 

if there had been a lot of runoff, I would have 

expected to see evidence of scouring of the road or 

the area around the filters, and there was none.  

I observed that the discharge pipe from this 

scour/backwash pond was only about 100 to 

200mm above the stream level so there could be 

backflow from the stream when it is in flood. This 

should be checked. 

 

There is a possible flow path from the stream (when in flood) around the upstream end of the bund that runs 

along the top of the stream bank. However, I could see no evidence in the grass of water having flowed in 

say the previous one or two days. Again, this flood risk should be checked. 

7.2.2 Avatiu 

The backwash pond looked as though it had 

been formed from fill (rather than a cut) and the 

batters looked over-steep for the degree of 

compaction (refer Figure 7-2). This should be 

monitored and riprap protection over geotextile 

added if the batter starts to show signs of failure. 

 

 

 

 

 

Figure 7-2: Backwash pond at the Avatiu WTP 

 

 

 

 

 

 

Figure 7-1: Scour/backwash pond at Avana (uphill side) 
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7.2.3 Matavera 

The intake’s left bank abutment has some leakage and 

the abutment fill looks vulnerable to erosion when the 

stream is in flood – refer Figure 7-3 these issues should 

be checked. 

 

 

 

 

 

 

Figure 7-3: Matavera intake - left bank abutment 

7.2.4 Ngatoe 

The backwash pond has a steep cut face on its back 

side, which would be of the order of 6+ m high (refer 

Figure 7-4). Although the exposed face looks to be 

reasonably competent material, the batter slope looks 

steeper than the recommended 1V:1.5H slope in the Mott 

MacDonald DDR. The design of the slope may have had 

specific geotechnical input. The top edge of the batter 

has matured vegetation that over time is likely to cause 

soil and vegetation debris to come loose and roll down 

into the pond.  

 

 

Figure 7-4: Ngatoe WTP backwash pond 

7.2.5 Papua 

Although there is probably a low risk of the stream overflowing into the pond the flood levels should be 

checked. 

The scour/backwash pond appears to have been constructed from fill, and the batters do not look particularly 

competent. As for Avatiu, this should be monitored and riprap protection over geotextile added if the batter 

starts to show signs of failure. 

7.2.6 Taipara 

There is a near-vertical cut behind the settling tank that appears competent, but it does have large trees 

hanging over its top edge. These will be vulnerable to wind damage. 

The stream could erode the basecourse and the edge of the fill under the settling tank if it rose about 1 m in 

a flood. This risk is probably best just monitored, and riprap protection added if necessary. 

Fill has been pushed out towards the stream in order to create a platform to support the AVG filter. The toe 

and batter of this fill is very vulnerable to erosion. Just downstream of this point a large tree on a c.25m high 

bank on the right bank has fallen over – this could exacerbate the risks of bank erosion of the fill. 
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The scour/backwash pond is vulnerable to being flooded. Again, fill has been pushed out towards the 

stream, although I think I could see riprap at the toe of this slope. The top of bank adjacent to the stream 

should probably be built up a little to mitigate the flooding risk. 

There is a steep cut c.20m high towards the downstream end of the site that has a large tree on its top edge. 

This tree should be felled, as it will no doubt fall over in a storm causing disruption to operations. 

7.2.7 Totokuitu 

The scour/backwash pond was filled with runoff on the 

day of my visit – refer Figure 7-5.The steep bank above 

the pond is creating its own catchment and is probably 

intercepting runoff from above, and there was possibly 

evidence that the intersection of the back and downhill 

side cut slopes was acting as a drain for a catchment 

above – refer Figure 7-5 showing what look like flood 

debris. There is a bench cut in the back slope – subject 

to geotechnical advice this could be used to locate an 

interceptor drain. 

 

 
Figure 7-5: Totokuitu scour/backwash pond 

Refer to the responses to questions (j) and (k) for further detail on the adequacy of the ponds.  

7.2.8 Turangi 

There is an extremely large tree overhanging the filters and the hypochlorite building. The tree represents a 

significant risk to both these structures. At the meeting with the parties on 20 February Mr. Arnold stated that 

it was an Albizia, that it is not native, and that it is a pest. If that is in fact the case, the tree should be felled 

as soon as possible. 

 

(r) Should the individual stream beds, from Stage 2 downstream, be free-flowing  so as not to 

create the situation for example of Avana Stream where there are nineteen (19) stream road 

crossings that have come to function, in effect, as dams/weirs, that might concentrate any residual 

PACL and prevent its otherwise swifter flow to the ocean?  

From my observations when being driven up the plants, most of the ford crossings have infilled with bed 

load, and any pool that may have been created on the upstream site during the construction of the ford is no 

longer there. In some cases, there is a pool on the downstream side caused by high velocity water flowing 

off the ford and scouring out the bed. These pools are not particularly deep. 

The streams themselves have a natural sequence of pools, so in my opinion the odd extra one formed at a 

stream crossing is not significant. 

More importantly, PACl will only be present in the stream if there is poor discharge quality from the ponds 

due to poor management of the settling ponds.  As long as the ponds are well managed, anything that could 

settle in the stream, should have already settled out in the pond. 

There is, however, another reason to make the fords free flowing. One of the objectives of TMV was to 

provide all-weather access to all the headworks. From comments made to me and my own observations, I 

suspect this objective hasn’t been realised in all cases. It is possible that in order to actually construct the 

fords, that there was a diversion pipe placed underneath. This pipe may have been sealed up when the 
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concrete poured for the ford had cured, or it may have simply filled up with bed load.  If this pipe could be re-

located and opened up, it would mean that the pipe would then carry some of the flow – reducing the level of 

the water over the ford. Whether this reduction was significant would depend on the size of the pipe. If the 

pipe was reopened it would require ongoing maintenance to keep it open. 

It would be difficult and expensive to try and lay a completely new pipe under the ford. 
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8 PACl Sludge Disposal – Long Term Sustainability on a Small 

Island? 

(s) What estimate, if any, can be made of the volume/weight of PACL sludge that will need to be 

harvested and disposed of annually?  

Annual solids generation from all ten sites, assuming a plant utilisation of 60% is estimated to be 161.6 

tonnes per year. At 4% DS, this is equivalent to 4,040m3 of sludge. As discussed in (n), sludge at this solids 

content will not be spadeable and will require pumping and dewatering. This is likely to require the use of a 

portable dewatering rig or a sucker truck to pump out and transfer the sludge to a dewatering facility. 

Assuming a sucker truck capacity of 8m3, this will require a total of about 500 trips per year for harvesting 

sludge. 

(t) What is the practicality of long-term environmentally sound disposal of the PACL sludge given 

the 100 year design life of the project?  

8.1 Characteristics of Sludge and Disposal Options 

The following is based on the Water NZ guidelines for water treatment plant residuals19. 

Aluminium-based water treatment sludges are in many respects like a soil – they generally have similar 

organic carbon and organic material mineralisation rates as many soils. Trace metals are strongly adsorbed 

to the aluminium hydroxide precipitates (the product of the coagulation reaction) and as a result are 

generally not transported into plants or groundwater as easily as from a soil or a sewage sludge.  

Water treatment plant sludges contain very little phosphorus, and what little there is is not readily available to 

plants because it behaves like a trace metal (i.e. strongly adsorbed to the aluminium hydroxide precipitates).  

There are three disposal options for the sludge from TMV: 

Application to land 

There are a number of applications possible: 

● Agricultural land and/or sports grounds – it could be used to build up low lying agricultural land and/or 

sports grounds to avoid it becoming flooded in wet seasons or wetter-than-normal periods (e.g. in 1956 

and 1967 when taro swamp areas around the island were filled with water and teaming with fish15). Note 

that because of the binding up of phosphorus, extra fertiliser may be required to obtain the desired crop 

yields, or productive soil striped and reinstated once filling with sludge has been completed. 

● Forestry land – water treatment plant sludges can be attractive for forests which have a problem with 

fertiliser/nutrient runoff – the binding of phosphorus can provide a slow release mechanism with benefits 

for controlling nutrient runoff. 

Disposal to landfill 

Water treatment plant sludges are often co-disposed in municipal landfills in New Zealand. Most landfill 

operators require the sludge to be of a “spadeable” consistency (15% DS or greater). The landfill at Aorangi 

may be prepared to accept a wetter consistency, but its “waste acceptance criteria” would need to be 

checked. A consistency of 4% to 8% (i.e. as I expect to come out of the ponds) would be difficult to manage, 

and it would certainly make the landfill operation more complex.  
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Disposal to cleanfill 

If there is a cleanfill site on Rarotonga, with erosion and sediment control measures in place, this could be a 

suitable disposal option.  

8.2 Aluminium Toxicity 

Mr. Kirkwood’s affidavit of 17 December 2019 (para 75) refers to aluminium toxicity being an issue for the 

soils of Rarotonga. The reference29, that he kindly provided a hard copy of, does indeed state that it is a 

major problem, albeit one that can be treated by the addition of lime. However, from my cursory reading of 

the document this statement is within the context of all of the Southern Cook Islands. There are 11 soil series 

types listed for Rarotonga, but only two of these (Pouara and Rutaki) have been classified as having this 

problem. Unfortunately, the soil map was not included in the copy I was given, so I don’t know the areal 

extent of these two soils. It does suggest though that aluminium toxicity is only an issue in certain locations 

on Rarotonga.  

8.3 Environmentally Sound Disposal 

Overall, I consider that environmentally sound disposal of the PACl sludge on Rarotonga is practical and 

achievable over the 100-year design life of the project, and it could even provide tangible benefits in terms of 

raising land that is flood prone. 

(u) What end of project life issues must be considered? For example, how will the infrastructure 

itself be removed and the lands restored? 

It is likely that water treatment and supply will be required beyond the design life of TMV, as a good quality 

potable water supply will still be required for sustaining the population of Rarotonga. 

In 50 to 100 years’ time the concrete structures will have reached the end of their design life, and the steel 

structures (i.e. the filters and storage tanks) will have had to have been re-coated/re-lined at least twice to 

have extended their life to this point in time. There will be an opportunity at this point to review the location of 

the intakes and treatment plants and reassess the optimal number and locations. This reassessment will be 

done in the context of the population forecasts at that time, changes in water treatment technology, changes 

to Rarotonga’s power supply infrastructure, and the regulatory environment at that time. Membrane filtration 

technology will no doubt continue to evolve and become increasingly attractive economically and from the 

point of view of minimising the use of chemicals. It may be that the intakes are retained where they are to 

take advantage of the energy they save from not having to pump, but that membrane treatment plants (which 

can utilise the available energy to drive the water through the membranes) are located on the coastal plain 

where flat land is more available and could be leased by the Crown. This would allow the TMV treatment 

plant assets to be decommissioned and demolished, and the land restored to as close as possible to its 

original state.  

If the treatment plants are retained in their current location, then the assets will have to be renewed/replaced. 

Again, the design of the renewed/replaced assets will reflect the population/technology/regulatory context at 

that time. 

 

 

 

29 An Information Manual for Understanding and Managing the Soil Resources of the Southern Cook Islands, FAO Field 

Publication, David M Leslie, undated 
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(v) In particular, how will the scour ponds, 100 years on, be decommissioned and the land 

rehabilitated?  

At the end of the plants’ design life, if it is decided to relocate the plants, or the scour ponds are no longer 

required because of the treatment technology chosen or for some other reason, then they will need to be 

decommissioned. 

The scour ponds will need to be regularly de-sludged in order for them to function as intended. Therefore, 

there will be no build-up of sludge that needs to be managed as part of any decommissioning.  

After the ponds have been cleaned out, soil samples will need to be taken to check against the contaminated 

site standards in use at that time.  The ponds can then be backfilled with soil and the land restored to its 

original profile and replanted. 

(w) What permanent, environmentally sound storage space will have to be found for the 

contaminated material from decommissioned scour ponds?  

In my opinion, any material removed from the beneath the ponds will be no worse in terms of its 

contamination levels than the routine sludge that needs to be periodically removed. Refer to Section 8.1 for 

the options for sludge disposal. 

 


